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Farmers today face the challenge of assuring animal welfare and producing safe, 
healthy food while also providing economic value. It has become increasingly 
important, and ever more difficult, to remain competitive in a worldwide market. 
With a view to addressing this problem, 145 abstracts were submitted to the ECPLF 
2015 Conference. Following a review procedure conducted by 135 international 
reviewers, 94 papers from 22 different countries were selected for presentation at 
the Conference in Milan. They are all included in this book.

Precision Livestock Farming ‘15 presents the latest scientific results from scientists 
worldwide. The sessions reflect the wide range of disciplines and interests in 
Precision Livestock Farming and cover the entire field from data analysis to sensors 
for monitoring the most important species that are bred for human consumption, 
including ruminants, chickens and pigs.

Moreover, it is becoming more and more important to educate a new generation 
about food consumption which is guided by considerations such as animal welfare, 
the environment and social sustainability. The global demand for meat is rising 
and meat production will need to increase from 300 million tonnes this year to 
470 million tonnes by 2050 due to changes in diets worldwide. This demand for 
meat is growing especially rapidly in the five major emerging economies of Brazil, 
Russia, India, China and South Africa. In these countries, which represent 40% of 
the world’s population, meat consumption rose by 6.3% annually between 2003 and 
2014, with a further 2.5% yearly increase forecast for the 2015-2022 period. This 
means that, by 2022, approximately 80% of world demand in the meat sector will 
occur in developing countries.

The shift in livestock farming methods from extensive to intensive in terms of 
labour and capital resources poses a number of significant challenges for animal 
management. Precision Livestock Farming represents a method of supporting 
farmers with real time monitoring and process management. PLF technology has 
mainly been developed in Europe, although there is currently great interest in 
understanding PLF research and technology in Brazil and China.

As scientists, we believe in a scientific community where sharing data and results is 
the best way of finding solutions to the problems and challenges discussed above. 
This book seeks to add a small brick to the wall of knowledge constructed by those 
who are working at the frontiers in the field of sustainability in animal production.

Milan 2015
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Editorial

Welcome to the 7th European Conference on Precision Livestock Farming ECPLF 2015 in 
Milan, Italy. This is the second time that this conference has been held independently with 
the aim of bringing together animal experts, engineers and technology developers as well 
as all the other stakeholders in livestock production. 
Furthermore, in recent years most animal-based conferences worldwide have included ses-
sions on Precision Livestock Farming (PLF).
The first independent Conference on Precision Livestock Farming was the 6th ECPLF 2013 
in Leuven which more than doubled the number of participants, who represented 31 coun-
tries and submitted a large number of high-quality scientific papers.
The change in livestock farming practices from extensive methods to sustainable intensifi-
cation poses a number of significant challenges for animal management in terms of labour 
and capital resources. 
Precision Livestock Farming is a management tool which supports farmers by providing 
information, enabling them to respond immediately when animals show signs of discom-
fort. Most PLF technology has been developed in Europe but nowadays the USA, Brazil 
and China are showing a high level of interest in adapting PLF research and technology to 
the situation in those countries. 
The definition of PLF is “the application of the principles and techniques of process engi-
neering to livestock farming to monitor, model and manage animal production”. PLF relies 
on four essential elements: 
1. Continuous sensing of the process responses at an appropriate frequency and scale with 
a continuous exchange of information with the process controller;  
2. A compact mathematical model, which predicts the dynamic responses of each process 
output to variation of the inputs and can be – and is best – estimated online in real time;  

3. A target value and/or trajectory for each process output, e.g. a behavioural pattern or 
pollutant emission;
4. Actuators and a model-based predictive controller for the process inputs. 
The previous 6 ECPLF conferences have generated more than 750 scientific papers which 
have investigated the four steps outlined above.
The aim of all this research is to reach a point where we can demonstrate and guarantee 
animal welfare, healthy livestock and improved productivity from farm to fork.
The 7th European Conference on Precision Livestock Farming ECPLF 2015 is being held 
in Milan to give scientists an opportunity to visit Expo 2015 and debate its underlying 
theme: Feeding the planet, Energy for Life.
I wish you a fruitful conference,

Marcella Guarino
Organiser of ECPLF-2015
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An economic appraisal of automatic and conventional milking within a grass 
based seasonal milk production system 

B. O’Brien, C. Foley, J. Shortall and L. Shalloo
Animal & Grassland Research and Innovation Centre, Teagasc, Moorepark, Fermoy, 
Co. Cork, Ireland 
Bernadette.obrien@teagasc.ie

Abstract

The concept of automatic milking (AM) has perceived potential positive implications, 
such as reduced labour requirement, increased cow milk yield and greater control 
of herd management (due to extensive cow information recorded by the milking 
robot). Potential positive implications have also been associated with integrating 
AM into a grass based or cow grazing system, e.g. reduced cost of production. 
Many aspects of AM have been examined but it is the economic implications that 
will primarily influence the uptake of AM in countries where conventional milking 
(CM) predominates, especially as it is traditionally considered more in line with cow 
grazing systems. This study analysed the economic implications of AM and CM 
using the Moorepark Dairy Systems Model. Data was obtained from typical farms 
with either CM or AM systems. The model evaluated the interaction between capital 
cost of milking technology, maintenance and running costs, labour input, machine 
depreciation for both CM and AM technologies over a 10-year time horizon. The 
system comparison was carried out with a number of financial metrics for each 
system including profitability and return on investment.

Keywords: economics, automatic milking, capital cost, labour cost

Introduction

Automatic milking (AM) systems have changed dairy herd management and have in 
many cases significantly reduced the physical and time-bound work involved. The 
defining feature of an automatic milking system (AMS) is that cows decide when 
they wish to come to the milking area and all of the milking functions are automated 
with cow milking distributed over an approximate 22h period. The cows’ decision 
to approach the milking unit has traditionally been incentivised by meal or forage 
supplementation within indoor feeding systems, so such systems have been well 
adapted to AM. However, milk production systems that involve significant levels of 
cow grazing have not traditionally been adapted to AM. It was anticipated that dairying 
in Ireland could pose specific challenges to automated milking, such as integration into 
a pasture system, infrastructure, clim ate. However, recent studies have now shown that 
successful integration of AM and cow grazing can be achieved (O’Brien and Upton, 
2013, O’Brien and Foley, 2014). 
It is envisaged that AM could be very relevant to dairy farming in Ireland. Currently, EU 
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milk producers including many Irish dairy farmers are focused on herd expansion and 
efficiency to maintain profitability in the post-quota era. But skilled labour is scarce and 
expensive and milking presents a significant constraint on work life organization and 
quality of life issues. The milking task on conventional milking (CM) farms in Ireland 
is heavily dependent on time-bound manual labour of varying skill level. The milking 
process has been shown to account for 33% of total labour demand on dairy farms 
in Ireland (O’Donovan et al., 2008) amounting to a cost of 6.2 cent per litre (at that 
time). Automatic milking could result in a significant reduction in labour requirement. 
Sonck (1996) concluded that AM would lower the total labour requirement for the 
farmer, represent a lower work load and allow more flexible labour planning than a 
CM system. This in turn could lead to a better quality of life and be more agreeable to 
family and social life. Mathijs (2004) also reported that farmers found a 21% reduction 
in labour when they converted from CM to AM. However, engagement with AM in 
Ireland needs to operate within the context of a grass based system of production and 
this could have implications for labour requirements.  

Mathijs (2004) found that overall, more AM farmers declared social reasons (67.3%) 
than economic reasons (32.7%) for choosing AM. However, the differences between 
countries were relatively large; social reasons were more important in Denmark and 
Germany than in Belgium and the Netherlands. Thus, while quality of life issues may 
have a greater influence than financial figures, the economics of the chosen milking 
system is also critically important in the decision to opt for a particular system, since 
the decision must be sustainable from an economic perspective. Irish farmers are 
facing a significant increase in labour requirement as herd size increases.  Therefore 
there is a necessity to establish a scientific evaluation of AM in an Irish dairy scenario 
to investigate if the concept presents a realistic alternative to CM from an economic 
viewpoint. 

The focus of this study was to evaluate the interaction between labour efficiency and 
capital investment, together with operating costs, with respect to AM and CM systems.  
To complete this analysis, it was necessary to focus on the following specific objectives: 
to (i) quantify the annual labour input per cow, relating to a range of dairy farm tasks 
across CM and AM systems; (ii) characterise milk production performance from both 
systems; (iii) quantify the capital and running costs of both AM and CM systems and 
(iv) establish farm financial indicators for the different scenarios of milking system.

Materials and methods

Quantification of labour input on-farm 
Ten and seven conventional and automatic milking farmers participated in a 1-year 
labour study.  The study involved the recording of labour input data for various 
defined farm duties across a range of different task categories. Data were collected 
between March 2014 and February 2015. All farm operators recorded the duration 
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of the different tasks that they performed throughout the day. Records were made 
on a freely available application on a SMART phone on 3 consecutive days on the 
third week of each month. The list of tasks for AM was as follows: Checking AMS 
data, Fetching cows indoors, Fetching cows outdoors, Robot cleaning maintenance, 
Alarms, Grazing management, Training to AMS, Cow health, Other dairy tasks, 
Other enterprise tasks, Non-farm activity. Tasks for the CM system were generally 
similar but included milking process tasks of Herding pre- and post-milking, Milking 
and Milking plant and yard cleaning. The data was subsequently downloaded from 
the phone application to an i-cloud and then to an Excel database. The labour input 
data for the AM and CM systems was used in conjunction with the Moorepark Dairy 
Systems Model (MDSM) (Shalloo et al., 2004) to carry out a cost benefit analysis on 
both milking systems (Table 1).

Characterisation of farm milk production performance

Milk production characteristics such as individual cow milk yield, milk composition, 
somatic cell count (SCC), cow live-weight (LWT) and body condition score (BCS) 
for both AM and CM systems was recorded on the Teagasc research farm over a 
complete lactation. Economic analysis was carried out on the production data using 
the MDSM and farm profitability was determined for the AM and CM systems.

Characterisation of capital investment and running costs 

Purchase, maintenance and service costs of AM and CM systems were established 
from manufacturers and service suppliers. Day to day running cost was calculated as 
for the operation of the AM and CM research farms (Table 1).
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Table 1.   Key assumptions included in the MDSM

70 Cows 140 Cows
Variable Measured Automatic Conventional Automatic Conventional
Gross Milk Price (c/l) 29.5 29.5 29.5 29.5
Farm size (ha) 30 30 60 60
No. Cows Milking 70 70 140 140
Stocking rate (L.U/ha) 2.5 2.5 2.5 2.5
Labour (Hours/cow/year) 15.5 24.5 15.5 24.5
Cull cow price (€) 400 400 400 400
Labour costs (€/hr) 12.50 12.50 12.50 12.50
Concentrate cost (€/tonne) 250 250 250 250

Cost of automatic and 
conventional milking 
units and  associated 
infrastructure

145,000 70,000 235,000 120,000

Operating costs 
of automatic and 
conventional milking units

4,500 1,500 6,000 2,500

Loan borrowed over 10 
years @ 5 .5% 195,000 120,000 335,000 220,000

Depreciation period 10 10 10 10
Residual value € 20,000 10,000 40,000 20,000

System evaluation

The MDSM provided the mechanism by which the milk production, milking system 
and labour data could be analysed economically. This is a stochastic budgetary 
simulation model (formulated within a Microsoft Excel sheet) of a dairy production 
system. The model integrates animal inventory and evaluation, milk supply, feed 
requirement, land and labour utilization and economic analysis.  The model was 
developed to examine key aspects of Irish grass based systems of production. The 
model was validated by comparing the results from the model against data collected 
from 21 commercial dairy farms, which were part of a Dairy Management Information 
System (DairyMIS) group.  The labour data for each of the two milking system 
categories, recorded in this trial were integrated into the MDSM.  Variable cost 
(fertilizer, contractor charges, AI and veterinary, silage making, concentrate, etc.), 
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fixed cost (machinery, maintenance and running costs, car, electricity, telephone, 
insurance costs, etc.) and price (milk, cow and calf) assumptions were all based on 
current prices. Capital investment and running costs of the AM and CM systems was 
also included and farm profitability was determined as an indicator of the interaction 
between capital investment and labour. Key assumptions included in the MDSM are 
shown in Table 1.

Profitability performance evaluation. 

The net profitability was evaluated in pre-tax scenarios over a ten year period 
subsequent to investment (2015-2024). It was assumed that the capital expenditure 
required for each investment scenario was borrowed from a financial institution at 
5% annual percentage rate over a ten year period; this rate was based on consultation 
with the banking industry in Ireland. Variable costs included costs of feed, fertilizer, 
veterinary support, artificial insemination, electricity and contractors. In all cases 
the labour, energy and depreciation costs were calculated by the model. All costs 
included in the analysis were inflated by 2% per annum to account for the effect of 
inflation in input costs (consumer price index inflation rate for Ireland). 

The fixed costs included hired labour, equipment and building maintenance, 
depreciation and interest. Full labour costs of the farmers were included in the 
analysis.

The discounted net income was included in the analysis in order to consider the time 
value of income realized. This allowed visibility of the returns of each technology 
over each year. The discount rate was set to 2.5% per annum for the ten year period; 
this figure was decided on after evaluation of the consumer price index inflation 
rates in the Irish economy from 2000 to 2013. Discounted net income was calculated 
using the formula; 

Discounted net income = Net profit x discount rate

Return on investment (ROI) calculations

The ROI is a performance measure of the efficiency of each technology investment 
scenario. In these calculations, the return on additional investment over the base 
level of investment is computed by dividing the average difference in net income 
(not discounted) by the difference in investment versus the base investment for each 
investment scenario on an annual basis. Where ROI is described by the equation: 

   

Investment figures for all scenarios are presented in Table 2. The ROI is used in this 
analysis to provide a metric of how effectively each technology investment scenario 
used capital invested to generate income over the base level of investment.
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Results and Discussion

Feasibility of capital investment in milking facilities

The overall financial feasibility of the introduction of AM compared to CM 
technologies was evaluated using three separate metrics:

Annualized net profit
Annualized net profit for the AM and CM systems with two herd sizes are shown 
in Figures 1 and 2. The annual profit was significantly lower for AM compared 
CM systems at herd sizes of both 70 and 140 cows. On average, annualized 
net profit was 30% and 11% lower for the AM compared to the CM system 
for the 70 and 140 cow herds, respectively, over the 10 year time period. The 
difference in annualized profitability between the systems decreased over time 
as the effect of interest and depreciation reduced as the loan was repaid and the 
assets depreciated over time.

Discounted profitability
When a discount rate of 2.5% was included in the analysis, in order to compute a 
time value of the returns, and when all of the net profit was summed together, there 
were significant differences between the different technologies for the different 
herd sizes. The total discounted farm profit was €159,962 and €229,076 for the 
AM and CM systems, respectively, over the 10 year period for the 70 cow herd 
size. The corresponding returns for the 140 cow herd size were €434,160 and 
€494,070 for the AM and CM systems, respectively. Therefore there was a 43% 
and 14% difference in total profit between AM and CM systems at the 70 and 
140 cow herd size, respectively, over the time horizon, taking into account the 
time value of money.

Return on investment
The ROI calculated in this study refers to the difference in return on investment 
between the AM and CM systems. The ROI was less than zero for the investment 
in AM technologies across all years for both herd sizes (-4.1% and -3.8% for 
the 70 and 140 cow herd sizes, respectively). Application of a simple payback 
approach (Houston et al., 2014) to generate a ROI figure over a number of years 
could be misleading because (i) the value of money decreases over time, (ii) 
there is an expectation of  increased costs and (iii) the interest rate/opportunity 
cost of money may not be taken into account. Thus, the analysis presented in this 
study did include these components in relation to the on-farm AM investment, 
while evaluating the investment over an expected useful life of 10 years. Farm 
profitability, electricity consumption, electricity costs, machine maintenance and 
capital costs of equipment and labour were all taken into account. 
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Figure 1. Annual profitability for CM and AM systems with a herd size of 70 cows 
across a 10 year period 

Figure 2. Annual profitability for CM and AM systems with a herd size of 140 cows 
across a 10 year period 
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ROI and the hurdle rate

The ROI calculation methodology can be used to provide farmers with a robust 
approach to investment appraisal in relation to technologies over the useful life of 
the investment. The ROI in conjunction with a minimal acceptable rate of return, 
or hurdle rate, can be used as an investment appraisal metric to aid in the decision 
making process regarding a selection of investment options. A general guideline used 
in economic modelling is that an investment must return at least 3.0-7.5% above the 
cost of funds (Barker, 1999, Hayes and Garvin, 1982, Lang and Merino, 1993, Meier 
and Tarhan, 2006, Schall et al., 1978), which in this case would be 8.0-12.5% since 
the loan interest rate was 5%. This approach allows dairy farmers to appraise different 
investment options on farm while at the same time benchmarking investment against 
potential investments that could be made outside of the farm.

The key areas where AM systems deviate from CM systems centre on labour, capital 
investment, energy costs and milking equipment maintenance costs. In order to increase 
the likelihood of AM systems being able to compete with CM systems, the AM system 
would need to operate at a higher level of efficiency. This could centre on a reduction in 
capital costs, a reduction in energy requirements or reduced maintenance and running 
costs. Alternatively, the AM system would need to be associated with a significant 
reduction in labour input per cow on the farm.

Conclusion

On average, annualized net profit was 30% and 11% for the AM compared to the CM 
system for the 70 and 140 cow herds, respectively, over the 10 year time period. The 
total discounted farm profit was 43% lower for the AM compared to the CM system 
when calculated for the smaller herd size. The ROI was less than zero for investment 
in the AM technology. Thus, the economics of AM compared to CM are not attractive 
when assessed by these metrics. However, for many farmers considering investing in 
an AM system, the economic consideration is not the central motive. There may be 
other characteristics or motivations for opting for an AM system. Mathijs (2004) found 
that two third of interviewed AM farmers stated social reasons for investing in an AM 
system, such as increased labour flexibility, improved social life and health concerns. 
Additionally, on farms where the continuing process of milking cows in a conventional 
milking parlour would be unlikely, due to for example, off-farm employment, the more 
traditional alternative enterprises such as beef or tillage would currently return very 
low (if any) profit. The investment in AM technology in that scenario would give a 
significant return (compared to the alternative enterprise). However, if the investment 
in that technology was followed by exit within the life of the investment, the return 
would be significantly reduced.  Thus, the economics of AM systems are important but 
not the only consideration.
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Abstract

In the literature dairy cow behaviours are generally analysed by skilled operators 
who observe the herd directly in the breeding environment or within digital images 
acquired from time-lapse video recordings. Since this method could suffer from 
limitations widely discussed in literature, the research activity described in this paper 
aimed at developing a computer-vision based system (CVBS) for the automatic 
detection of dairy cow behaviours within digital images. The system was composed 
of a multi-camera video-recording system and a software component which included 
four cow behaviour detectors (i.e., cow lying, cow standing, cow feeding, and cow 
perching detectors) modelled by using the Viola-Jones’s algorithm. 
The number of true positives (TP), false negatives (FN) and false positives (FP) 
produced by the CVBS was obtained from a validation phase which involved 
the work of an operator who checked the CVBS detection results. Next, the field 
performances of the CVBS were evaluated by using the following accuracy indices: 
sensitivity index, i.e., the ratio between TP and the number of cows really existing 
in the monitored area; branching factor (BF), i.e., the ratio between FP and TP; miss 
factor (MF), i.e., the ratio between FN and TP.
The highest value of the sensitivity index was recorded for the lying behaviour 
detector (0.92), whereas the lowest one (0.86) for the standing behaviour detector. 
The minimum value of BF and MF were obtained for the cow lying behaviour 
detector (0.08 and 0.09, respectively), whereas the maximum values were recorded 
for the standing behaviour detector (0.17 for both).

Keyword: cow behavioural activity, precision livestock farming, dairy farming.

Introduction

With regard to research works which aim at assessing dairy cow welfare, a growing 
attention has been paid by the scientific community to the analysis of cow behaviour 
because it is considered an essential indicator for the evaluation of cow health status 
in different types of housing systems. 
A conventional method adopted to monitor dairy cow behaviour is based on 
the operator’s direct observation of the herd in the field. During the observation 
time interval, the operators usually use check lists to record information on cow 
behaviours. However, the operator’s direct observation is a very time consuming 
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method because it involves many hours of work by specialised operators and could 
suffer from subjective interpretation (Cangar et al., 2008). 
Another method, which was frequently used to observe cow behaviour, involves the 
visual analysis of digital images obtained from time-lapse video recordings. Though 
this technique makes it possible for the operator to plan the monitoring activity, 
facilitates data collection over longer time periods and assures a safe and secure data 
record for future analyses, it is generally time consuming, suffers from discordant 
interpretation and cannot be applied in real-time.
The automated recognition of dairy cow behaviours in digital images represents 
a suitable alternative to the traditional observation techniques. Nevertheless, the 
reliability of several image processing methods proposed in literature, is likely to 
be threatened by background and brightness variations of the breeding environment. 
Further limits regard the method used to acquire the digital images which is often 
based on a single-camera system. In fact, in large breeding environment, the 
functional areas of the barn where cow behaviours occur should be framed by using 
multi-camera video-recording systems. Moreover, to detect animal positions as well 
as acquire the real shape and dimensions of the body of the animals, panoramic top-
view images of the barn are required. To obtain these type of digital images a careful 
design and installation of a multi-camera video-recording system should be carried 
out. 
Our research had the objective of developing a computer vision-based system 
(CVBS) for the automatic behaviour detection of dairy cows housed in free-stall 
barns. The system was composed of a multi-camera video-recording system and a 
software component which included cow behaviour detectors based on the algorithm 
originally proposed by Viola and Jones (2004) for human face detection. 
This paper describes the method adopted to obtain panoramic top-view images from 
a multi-camera video recording system and the field performances of the CVBS 
which was applied in an experiment aimed at detecting lying, feeding, standing and 
perching (i.e., a cow standing with two feet in the stall and two feet in the alley) 
behaviours of dairy cows housed in a free-stall barn.

Materials and methods

The multi-camera video-recording system
The experiment was carried out in an area of a free-stall barn (Fig. 1a) for the 
breeding of dairy cows. More details on the barn building characteristics and the 
herd management have been described in a previous work (Porto et al., 2014). 
The installation height of the cameras above the floor of the barn (hcam) as well as the 
height above the floor of the foreground plan (hforg) that is the height of the animal 
body, measured at the withers, when it is standing (h’forg) or lying (h”forg) (Fig. 2a), 
were established after a direct metric survey of the pen and the body of the animals. 
The difficulty of installation, primarily due to the geometric and dimensional 
characteristics of the barn, as well as the need to contain the costs of the CVBS, 
favoured the selection of network camera models powered on Ethernet, that did not 
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require power supply. The camera model was equipped with the hypertext transfer 
protocol HTTP-based interface which provided the functionalities suitable to request 
a single image (snapshot), to control camera functions and to get and set values of 
the camera parameters. More details of the camera model can be found in Porto et al. 
(2013). The snapshots acquired from the cameras were subject to an image calibration 
process (Zhang, 2000) to remove lens radial distortion, which is the source of the 
‘barrel’ effect, and lens tangential distortion, produced by manufacturing defects 
consisting in lens not exactly parallel to the plane of the scene. After the calibration 
process the maximum horizontal and vertical view angles were measured by means 
of laboratory test to establish the exact dimensions of the region (π) acquired by the 
cameras (Fig. 2b).
The number N of cameras to be installed was determined by computing the value of 
n as:

       (1)

where d was equal to the length l, or the width w, of the pen, and γ was equal to the 
view angle α, or to the view angle β. The number N was equal to the next whole 
integer of n.  The resulting length, or width, D was greater than d. This made it 
possible to obtain the rectified plan view of objects having height equal to hforg and 
located near the perimeter of the area.

Figure 1: a) Plan of the area of interest showing the 10 cameras (c1-c10) of the video-
recordings system; b) A panoramic top-view image of the area of the barn under 
study.
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The full rectified panoramic top-view image (Fig. 1b) of the two functional areas of 
the barn, i.e., the feeding area and the resting area, was obtained by using four 
cameras above the resting area and six cameras above the feeding area (Fig. 
1). To compose panoramic top-view images of the barn the video recordings 
of the ten cameras were synchronised. By using the HTTP-based interface, an 
algorithm which was designed and implemented in a software tool allowed for 
the synchronization of snapshots coming from the cameras. Firstly the algorithm 
made an asynchronous request to each camera to download one snapshot, and 
then each camera web server returned the most up-to-date snapshot in JPEG 
format. The algorithm waited until all the snapshots were available before 
making the subsequent request, and thus the accumulation of delay times in the 
video sequences was avoided. 
After the synchronization, image mosaicking was carried out to combine the 
ten camera images into a single composite one. Image mosaicking was required 
to detect cows which leaved one camera scene and entered another one. Many 
algorithms in literature are able to take overlapping regions of camera scenes 
and autostitch them together to create a panoramic top-view image. However, 
such algorithms have to satisfy a number of requirements to obtain good results 
(Mills and Dudek, 2009): limited camera translations, limited lighting variation, 
similar exposure settings of camera images, and limited motion of objects in the 
scenes. Due to these issues autostitch methods were not used within the CVBS 
proposed in this study. A hand-made image registration process made it possible 
to obtain one panoramic top-view image of the barn. Specifically, for each pair 
of contiguous image scenes, a number of foreground pixels of the image seam 
belonging to the body of the animals was chosen to assure that duplications of 
animal bodies did not occur in the panoramic top-view image and body shapes 
of the animals were maintained in the image seams (Fig. 3). 

(a) (b)

Figure 2: a) A schematic representation of the section of the functional areas of a barn to 
be monitored by means of a multi-camera system; b) Horizontal view angle (α), vertical 
view angle (β), and visible region (π) of a camera of the video-recording system.
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By using an image processing software, an operator carried out a number of image 
geometric transformations, i.e., rotation and translation, on a set of ten digital 
images having the same acquisition time. Since this step has to be executed only one 
time, it was not a time-consuming operation. The parameters characterizing those 
transformations were stored, encoded in a software tool, and then used to automate 
the image mosaicking for further camera acquisitions. Image mosaicking on each set 
of calibrated and synchronised images produced a video sequence characterized by 
frames with resolution of 1044 × 1920 pixels (Fig. 1b) at 1 frame every 2 seconds. 
This characteristic assured the utilization of the panoramic top-view images for real-
time analyses.

The Viola-Jones algorithm
Considerable variability of the background and brightness conditions during the day 
in the analysed breeding environment was observed (Fig. 4). Factors which led to the 
use of the Viola-Jones algorithm to model the detectors of the CVBS were: colour 
variations of the sand beds; high brightness variation in areas close to the open side 
of the barn; high levels of solar radiation reflected by sand, wet floors and metal 
surfaces of the barn cross-bars; lack of colour homogeneity; alley surface reflection 
caused by manure and presence of shadows. The basic concepts of the Viola-Jones 
algorithm were reported in Porto et al. (2013). In the present study the Viola-Jones 
algorithm was used to train and test the classifiers included in each cow behaviour 
detector considered (Fig. 5), i.e., the cow laying behaviour detector (CLBD), the cow 
feeding behaviour detector (CFBD), the cow standing behaviour detector (CSBD) 
and the cow perching behaviour detector (CPBD). Since the Viola-Jones algorithm is 
not invariant to the rotation of the cow images, two or more classifiers were generally 
modelled in relation to the position of cows within the image samples used for the 
training phase (Fig. 5).
The methods used to train, test and validate the CLBD, CSBD and CFBD were 
described in our previous studies (Porto et al., 2013, 2015). For CPBD an analogous 
method was followed and the results are reported in this paper.

(a) (b)

Figure 3: Image registration process which produced the mosaicking of contiguous 
cameras images. (a) Pair of contiguous images; (b) Union of two contiguous images 
and image seam (hatched area).
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Figure 4: Examples of panoramic top-view images affected by different brightness 
conditions during one of the days considered in the study.

Figure 5: Scheme of the software component of the CVBS.

Results and discussion

Table 1 lists the characteristics of the positive and negative images that were selected 
to constitute the image samples used in the training phase of each classifier. A total 
of 3782 positive images and 4308 negative images were used to train the detectors. 
The results of training (Table 2) demonstrated that a small number of both positive 



Precision Livestock Farming ‘1536

and negative images made it possible to obtain low false positive rate of the cascade 
(FPRcas), about equal to 1.3×10-5 on average, and high values of true positive rate of 
the cascade (TPRcas), about equal to 0.91 on average. 
The lowest number of positive images, which amounted to about 15% of the overall 
number of those selected for the training, was required by the CPBD classifier 
because of the low frequency of this behavioural activity. The highest number of 
positive images, which amounted to about 46%, was used for the training of the 
CSBD classifiers. Compared to the other behaviours considered in this study, the high 
variability of the position of the cows within the feeding alley during the standing 
behaviour determined the greatest number of positive images for the CSBD.
The CLBD and CFBD classifiers achieved the best final values of TPRcas and FPRcas 
as they resulted greater than 0.90 and less than 8×10-7, respectively. Also the CPBD 
classifiers obtained good values of TPRcas, though FPRcas value was one order of 
magnitude greater than those of CLBD and CFBD. Since the incidence of false 
positives was equal or less than the order of magnitude 10-6, this result demonstrated 
that the CLBD, CFBD and CPBD were able to discriminate the cows from the 
background. Though the TPRcas values of the CSBD were approximately similar to 
those of the other classifiers, the FPRcas values were of the order of magnitude 10-5.

Table 1: Characteristics of the positive and negative images that were selected to 
create the image samples used in the training phase of the classifiers of each detector.

D
et

ec
to

r

Cl
as

sifi
er Positive images Negative images Sliding 

windows Samples 

Dimensions Average 
dimensions Dimensions Positives

(w×h)
Negatives

(w×h)
n. W×H n. W’×H’ w×h n. n.

CFBD 1 656 227×102 384 230×100 40×18 656 10.86×107

CSBD
1a 646 100×220 708 225×225 18×40 646 57.43×107

1b 651 220×100 708 225×225 40×18 651 57.43×107

1c 430 185×185 708 225×225 40×40 430 43.47×107

CLBD 1a 826 224×140 600 230×144 40×25 826 24.84×107

1b 319 224×140 600 230×144 40×25 319 24.84×107

CPBD 1a 174 308×140 600 310×144 55×25 174 32.62×107

1b 80 308×140 600 310×144 55×25 80 32.62×107

The test phase of the classifiers produced high values of sensitivity which ranged 
between 0.86 and 0.89 (Table 2). This result demonstrated that all the detectors 
maintained a great ability to detect cows even when noises in the processed images 
occurred. Furthermore, the low values of the branching factor (BF) (definition 
included in Table 2) of CLBD, CFBD and CPBD confirmed their good capacity to 
distinguish cows from background which was recorded in the training phase. 
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The field performances of the CVBS were evaluated by following the procedure of 
the validation phase described in Porto et al. (2013) and the results were reported in 
Table 3.  For the CLBD the miss factor (MF) (definition included in Table 2) values 
showed that for every 11 cows correctly detected, one omission error occurred. For 
the other detectors increases of MF values were registered and one omission error 
occurred every 6, 7, and 8 cows correctly detected by the CSBD, CFBD, and CPBD, 
respectively. Whit regard to BF index, the best results were obtained by the CLBD, 
CFBD, and CPBD that made one commission error every 13, 12, 10 cows correctly 
detected, respectively. The worst results were recorded for the CSBD which made 
one commission error every 6 cows correctly detected. For the CLBD and CPBD, the 
sensitivity indices improved compared with those resulted from the testing phases. 
This improvement, which was not found for the CSBD, was due to the small number 
of postures assumed by the animals while they were lying in the stalls and feeding at 
the manger. 

Table 2: Results of the training and testing phases.

Training Testing
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e Processed 
negative
images

TPRcas FPRcas

N
. o
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es True 

Positive

(TP)

True 
Negative

(FN)

False 
Positive

(FP)

Sensitivity BF MF

n. n. n. n. n.

CFBD 1 27 6.05×107 0.925 7.67×10-7 5888 5210 678 455 0.88 0.09 0.13

CSBD
1a 30 8.51×107 0.904 4.70×10-5 1a 928 805 123 0.87 0.12 0.15
1b 30 12.85×107 0.901 3.12×10-5 1b 1136 980 156 0.86 0.10 0.16
1c 30 11.32×107 0.908 1.30×10-5 1c 720 642 78 0.89 0.10 0.12

CLBD
1a 27 15.21×107 0.902 3.09×10-7 4384 3838 546 358 0.88 0.09 0.14

1b 27 6.31×107 0.920 7.93×10-7 1152 1000 152 92 0.87 0.09 0.15

CPBD
1a 30 11.04×107 0.903 4.53×10-6 496 438 58 38 0.88 0.09 0.12
1b 30 10.21×107 0.905 7.72×10-6 496 430 66 43 0.87 0.10 0.15

By considering that the multi-camera video-recordings system produced a video 
sequence of top-view panoramic images with a frequency of 0.5 fps and that the time 
required by the software component of the CVBS to detect cows was approximately 
900 milliseconds (by using a Personal Computer embedded with an Intel® Core 
(TM) 2 Quad CPU Q670 processor), the automatic detection of the considered 
behaviours can be obtained within 2 sec. Since within this time intervals the position 
of the body of the animal did not vary significantly, the cow detection by means of 
the CVBS can be considered in real-time.
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Table 3 – Results of the validation phases.
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TP FN FP

Sensitivity BF MF

n. n. n.

CFBD 2217 1922 295 157 0.87 0.08 0.15
CSBD 1286 1102 184 190 0.86 0.17 0.17
CLBD 2281 2088 193 167 0.92 0.08 0.09
CPBD 553 494 59 49 0.89 0.10 0.12

Conclusions

The proposed computer vision-based system (CVBS) made it possible to detect 
feeding, lying, standing, and perching behaviour of dairy cows in free-stall barns. 
The classifiers modelled in this study were robust with regard to brightness and 
background variations which were observed in the breeding environment during 
daytime hours. This represents an advance in the state of the art because in literature 
automatic systems for behaviour detection based on computer vision were generally 
tested in laboratory or in pens of small dimensions where image noises due to the 
characteristics of the breeding environment were small. 
The CVBS made it possible to obtain high values of the sensitivity indices for all the 
considered behaviours. However, for the cow standing behaviour detector (CSBD) 
the values of the branching factor index and miss factor index, higher than those 
obtained by the other detectors, revealed the point of weakness of the algorithm used 
for the training of the CSBD classifiers.  
Since the tasks performed by the CVBS to both produce the sequences of panoramic 
top-view images of the area under study and execute the considered detectors took 2 
sec, the cow behaviour detection can be considered in real-time.
In conclusion, the application of the CVBS proposed in this study showed promising 
results with regard to cow behaviour detection in free-stall barns.
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Abstract

The integration of an automated milking system with grazing relies on the voluntary 
movement of the cow from the field to the milking yard. Although this inherent 
voluntary presentation at the milking yard is the cow’s decision, AMS settings 
determine if a cow has admittance for milking based on her milk yield and time 
since last milking. The aim of this study was to investigate the influence of 
reducing milking frequency on milk production, cow traffic and milking duration. 
Two groups with 31 cows in each were initially balanced for breed, parity, days in 
milk, previous 25 day milk yield and milking frequency. Milking permission of 2 
and 3 times per day were assigned to either group, cows adjusted to this treatment 
over a 10 day period and the experimental trial was 12 weeks between 12/05/2014 
and 03/08/2014. Due to the voluntary nature of the system cows permitted to milk 
3 (MP3) and 2 (MP2) times per day had milking frequency averages of 1.8 and 1.5 
times per day which were significantly different between the groups (p=<0.0001). 
The cows milking 1.8 and 1.5 times per day produced 19 and 18.4 kg of milk 
per cow per day, respectively, however this was not different between groups 
indicating the potential to reduce milking frequency without adverse production 
effects. In an AMS reducing milking frequency would reduce the time cows are 
waiting to be milked, increase AMS free time and therefore permit more cows to 
milk throughout the day.

Keywords: Automatic Milking System, Grazing, Milking Frequency, Milk 
Production, Cow Traffic

Introduction

Automatic milking systems (AMS) are relatively new to Ireland and their 
successful integration with grazing is reliant upon the voluntary movement of 
cows within the farm system 24 hours a day. The cow decides when to leave 
the field, volunteer for milking and the robot milks the cow. This decision is 
motivated by the trained knowledge that new grass is available every 8 hours 
in a system with 3 grass allocations per day which are accessible upon passing 
through the milking yard. The farmer can control cow movement from the field 
by precise grass allocation and management and in the milking yard with specific 
settings on the AMS, which calculate how often a cow has permission to milk 
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each day. A challenge arises when the numbers of cows milking on a single 
AMS unit are increased. This results in less free time in the AMS for cows to 
milk which could potentially increase time spent waiting to be milked on hard 
surfaces and reduce time spent grazing. However, farmers could reduce milking 
permission (MP), which would also reduce milking frequency, allowing access 
to grass more frequently. Cows are permitted to milk based on time since last 
milking and expected milk yield. The number of times the cow voluntarily visits 
the AMS and is permitted milking is defined as the milking frequency (MF). 
Garcia and Fulkerson (2005) demonstrated that the integration of an AMS with 
grazing resulted in reduction of milking frequency, however, by implementing a 
3-way grazing system with 3 allocation of grass per day milking frequency can 
be increased (Lyons et al, 2013). In a situation where the AMS unit is saturated 
with cow numbers Jago et al, (2006) proposed that reducing milking frequency 
could allow a higher capacity to facilitated the additional number of cows. The 
objective of this study was to assess the effects of reducing milking permission 
and subsequent milking frequency on milk production and cow traffic in mid 
lactation.

Material and Methods

Farm Layout and Grass Management

A single unit Fullwood Merlin 225 automated milking system (AMS) (Fullwood 
Ltd., Kanturk, Co. Cork, Ireland) was situated on a 25.2 ha farm located in the 
south of Ireland on the Teagasc Moorepark Dairygold Research farm. The grazing 
platform was divided into 3 grazing sections; A (7.7 ha), B (9 ha) and C (8.5 ha). 
Cows moved voluntarily to and from the paddock, passing through the milking 
yard, between the grazing sections. The herd had access to new pasture from 
00:00 in A, 08:00 in B and 16:00 in C (Figure 1). An intake of 20 kg grass dry 
matter (DM)/cow/day was targeted and the grazing area was distributed evenly 
over 3 grazing sections in a 24h period. In order to calculate the grazing area 
based on a target grass DM intake, the herbage mass (HM) (available grass kg 
DM/ha above 4cm) is required. This was estimated visually and also by weighing 
grass DM in a 0.25m2 quadrant. Strip grazing was implemented for every grazing 
and back grazing an area occurred if the post grass height was greater than 6 cm, 
for one subsequent day only, to ensure the highest quality grass regrowth. Pre- 
and post-grazing heights were measured prior to and after each grazing suing a 
Jenquip rising plate meter (NZ Agriworks Ltd t/a Jenquip, New Zealand). The 
actual grass DM removed was calculated for each grazing to estimate the herd 
daily grass intake. This was calculated by measuring the grass DM density (kg/
m3) and the area allocated for grazing to determine the kg grass DM allocated to 
the herd pre-grazing. The post-grazing heights were used to calculate the kg of 
grass DM that remained. The kg grass DM intake for the herd was achieved by 
subtracting the pre-grazing from the post-grazing quantity.



Precision Livestock Farming ‘1542

Figure 1: The area of the Teagasc Moorepark Dairygold research farm dedicated 
to cows milking on an automated milking system. It is divided into three grazing 
sections A (7.7 ha), B (9 ha) and C (8.5 ha). Cows have access to new pasture from 
00:00 to 08:00 in A, 08:00 to 16:00 in B and 16:00 to 00:00 in C.

Herd Description and Experimental Design 

In 2014 a herd of 62 multiparous and mixed breed cows (Holstein Friesian, Jersey, 
Jersey x Friesian and Norwegian Red) were randomly assigned into two groups that 
were balanced for breed, parity, days in milk, previous 25 days milk yield and milking 
frequency. Prior to implementation of treatments cows were set to 3 times per day milking 
permission from calving until the 1st of May at which the average days in milk (DIM) 
was 67±20 days. Once cows were assigned to treatments, of either a milking permission 
of 2 or 3 times per day, cows were allowed to adjust their behaviour and data were not 
analysed between the 1st and 11th of May. The trial period consisted of 12 weeks between 
the 12th of May and the 3rd of August. During the trial period concentrate allowance 
in the AMS per cow was at 0.5 kg using a fixed feeding routine independent of milk 
yield. However, due grass to budgeting decisions based on a deficit of grass availability 
concentrate supplementation in the AMS unit was elevated during weeks 1 (2 kg), 2 (2 
kg) and 3 (0.7 kg). Analysis of grass measurements are representative of the trial period. 

Statistical Analysis

Data collected 10 days prior to treatment implementation between the 21st and 30th of 
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April were averaged and used as a baseline covariate. During the baseline and trial 
periods dependent variables were averaged per cow per week. The effect of milking 
permission treatments was analysed on the dependant variables: (1) milking frequency/
cow/day, (2) milking interval/cow/ visit, (3) milk yield/cow/visit, (4) milk yield/cow/day, 
(5) milk duration/cow/visit, (6) milk duration/cow/day, (7) return time/cow/visit and (8) 
wait time/cow/day. The statistical model used was a repeated measures ANOVA in SAS 
(PROC MIXED) and Tukey’s post-hoc analysis. The fixed effects were treatment, week, 
breed, lactation, days in milk, baseline averages as covariates and week x treatment 
interaction. Least square means and standard errors of each dependent variable were 
outputted for milking permission.

Results and Discussion

During the trial period the average pre-grazing available herbage mass across all sections 
was 1,516±294 kg DM/ha (A – 1,541±313 kg, B – 1,496±271 kg and C – 1,510±297 kg 
DM/ha). Of the days where there was a full set of data for A, B and C the total daily grass 
DM allowance per cow was 23.5±6.4 kg (A – 7.1±3.5 kg, B – 7.8±2.6 kg and C – 8.8±3.6 
kg) and daily estimated grass DM intake per cow was 19.3±5.2kg (A – 5.8±2.9 kg, B – 
6.3±2.2 kg and C – 7.2±3.0 kg). The average post grazing height was 5.4 cm (A – 5.4±1.2 
cm, B – 5.4±1.1 cm and C – 5.4±1.2 cm).

Milking permissions of 2 and 3 times per day resulted in milking frequencies of 1.5 and 
1.8 times per day. Treatments were significantly different for the dependant variables 
milking frequency/cow/day, milking interval/cow/visit (hrs), milk yield/cow/visit (kg), 
milking duration/cow/visit (min), milking duration/cow/day (min) return time/cow/visit 
(hrs) and waiting time/cow/day (hrs). However, interestingly there was no significant 
difference in milk yield/cow/day (kg) between groups. Decreasing milking permission 
resulted in a significantly lower milking frequency, milk duration per day, return time per 
visit and wait time per day, and higher milking interval per visit, milk yield per visit and 
milk duration per visit (Table 1).

Decreasing milking permission had a positive impact on cow traffic as cows spent 
significantly less time waiting to be milked, returned after a shorter duration to the 
milking yard and spent less time milking per day. Although decreasing milking 
permission also decreased milking frequency and subsequently increased the milking 
interval per cow per day this did not significantly affect milk yield per day. 
However, there was a significant interaction between week and treatment for milk 
yield per day. Towards the latter end of the trial the average milk yield per day 
appear to diverge although not significantly at any of the 12 weeks during the trial 
period (Table 2 and Figure 2D). The significance of this interaction was either within 
treatment and between weeks or between different weeks and treatment. Additionally 
there was also a significant interaction between week and treatment for wait time 
per day. Treatments were only significantly different between each other at week 6 
(Table 3 and Figure 2H).
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Table 1: Effect of milking permission two (MP2) and three (MP3) times per day on 
milking frequency (MF), milking interval (MI hrs), milk yield (MY kg), milking 
duration (MD min), return time (RT hrs) and waiting time (WT hrs) per cow per day 
(d) and per visit (v). Least square means and standard error (S.E.) are represented.

MP 2 MP 3
Difference p value

Mean S.E Mean S.E.
MF/d 1.5 0.02 1.8 0.02 0.4 <.0001
MI/v 15.1 0.3 12.6 0.3 2.4 <.0001
MY/v 12.7 0.2 10.4 0.2 2.3 <.0001
MY/d 18.4 0.3 19.0 0.3 0.6 NS
MD/v 7.3 0.1 6.6 0.1 0.7 <.0001
MD/d 10.7 0.2 12.3 0.2 1.6 <.0001
RT/v 4.3 0.1 5.0 0.1 0.7 0.001
WT/d 1.8 0.2 2.5 0.2 0.8 0.0007

Table 2: Effect of milking permission two (MP2) and three (MP3) times per day on 
milk yield (MY kg)/cow/day for each of 12 weeks. Least square means and standard 
error (S.E.) are represented.

MY/cow/day

Week MP 2 MP 3 Difference p valueMean S.E. Mean S.E.
1 18.6 0.4 19.0 0.4 0.4 NS
2 19.7 0.4 20.3 0.4 0.6 NS
3 18.0 0.4 17.5 0.4 0.5 NS
4 18.4 0.3 19.1 0.3 0.7 NS
5 16.7 0.4 17.0 0.4 0.3 NS
6 18.3 0.4 19.2 0.4 0.8 NS
7 18.9 0.4 19.1 0.4 0.2 NS
8 18.1 0.5 19.3 0.5 1.2 NS
9 19.1 0.4 20.0 0.4 0.9 NS
10 18.1 0.4 18.9 0.4 0.8 NS
11 18.4 0.4 19.2 0.4 0.8 NS
12 18.0 0.4 19.3 0.4 1.3 NS
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Table 3: Effect of milking permission two (MP2) and three (MP3) times per day 
on waiting time (WT hrs)/cow/day for each of 12 weeks. Least square means and 
standard error (S.E.) are represented.

WT/cow/day

Week
MP 2 MP 3

Difference p value
Mean S.E. Mean S.E.

1 2.3 0.3 2.4 0.3 0.2 NS
2 2.1 0.4 3.3 0.4 1.2 NS
3 1.6 0.3 2.9 0.3 1.2 NS
4 1.8 0.3 2.1 0.3 0.3 NS
5 1.8 0.3 2.5 0.3 0.7 NS
6 1.4 0.3 3.7 0.3 2.4 0.0006
7 1.9 0.3 2.3 0.3 0.5 NS
8 1.5 0.3 2.1 0.3 0.5 NS
9 1.6 0.2 1.8 0.2 0.1 NS
10 1.5 0.2 1.8 0.2 0.3 NS
11 1.5 0.3 2.7 0.3 1.2 NS
12 2.1 0.4 2.9 0.4 0.8 NS
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Figure 2: Effect of milking permission 2 and 3 times per day on (a) milking frequency/
cow/day, (b) milking interval/cow/visit (hrs), (c) milk yield/cow/visit (kg), (d) milk 
yield/cow/day (kg), (e) milking duration/cow/visit (min), (f) milking duration/cow/
day (min), (g) return time/cow/visit (hrs) and (h) waiting time/cow/day (hrs). Least 
square means and standard error (S.E.) are represented.
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Conclusions

The results indicate that milking frequency can be reduced in an AMS integrated 
with grazing, without any negative effect on milk production or cow traffic in mid 
lactation. Interestingly reducing milking permission had a positive incentive for 
cows to present at the milking yard as cows returned earlier. Cows with a lower 
milking permission spent less time waiting to be milking, therefore, reduced time 
spent standing on hard surfaces enhancing cow welfare. 
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Abstract

The udder of dairy cows is anatomically separated into four individual udder 
quarters. The aim of the research was twofold: firstly, to evaluate possible 
differences between the four quarters within an udder and, secondly, to describe 
possible changes in milk yield ratios between all quarters subject to parity, days in 
milk (DIM) and test day. Milk yields of a total of 265 Holstein cows in their first 
to seventh parity were tracked during one year of lactation. Cows were milked 
in an automatic milking system. The parities were divided into parity 1, parity 2, 
parity 3 and parities 4 to 7. The effects of quarter position, days in milk, parity, 
length of milking interval, test day and cow on milk yield at udder quarter level 
were tested using a mixed linear analysis of covariance (ANCOVA) model. The 
results showed that quarter position influenced the milk yield and the milk yield 
increased in higher parities. Rear quarters had significantly higher milk yield 
than front quarters. No significant differences were found between left and right 
quarters in the respective front or rear position. Parity as well as DIM and test day 
influenced the ratio between front and rear quarters significantly. In conclusion, 
the udder should be treated at least as individual front and rear halves with regard 
to milk yield. 

Keywords: udder quarter, dairy cow, milk yield, quarter-individual milking 
system

Introduction

Milk production characteristics are important economic factors in dairy practice. 
They are used for animal selection, animal breeding and monitoring of udder 
health. Udder health and milk yield of dairy cows are the most important factors 
for successful and sustainable dairy farming. The milking process is the main focus 
in dairy production. The udder is composed of four individual quarters, which are 
structurally separate and functionally independent (Gruet et al., 2001). Anatomical 
separation of the udder quarters was demonstrated by injecting differently coloured 
injection material (Habermehl, 1996). Udder quarters differ genetically in terms of 
the distribution of glandular tissue, teat length and teat wall thickness. On average, 
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the teats of the front quarters are 1 cm longer than the teats of the rear quarters, 
and also have a thicker teat walls (Huth, 1995; Naumann, 2001; Graff, 2006). 
Individual quarters can differ in terms of their susceptibility to diseases and milk 
yield. In order to address these potential differences it seems necessary to record 
and evaluate the measured variables individually for each quarter. The use of 
sensor technology in the milking process increases the efficiency and the amount 
of data per individual. In 2006 Tančin et al. described and analysed the effects 
of parity, stage of lactation, milkability, time of milking and quarter position on 
milk production and milk flow measured at udder and quarter level. Their results 
demonstrated that quarter position influences all measured milk yield variables. 
Rear quarters had a significantly higher milk yield, longer milking time, and higher 
peak and average flow rates than front quarters. Furthermore, for some measures 
differences were detected between the left and right quarters in the front or rear 
position, respectively. In 2008 Ipema and Hogewerf analysed quarter milk flow 
profiles and translated them into variables such as milk yield and milk duration. 
The effects of quarter position and milking time were examined. Quarter position 
and time of milking were found to have a significant effect on milk yield and milk 
duration in the defined milk removal phases. Two hypotheses were formulated 
based on the results of this research: firstly, that the milk yield differs significantly 
between all four quarters and, secondly, that the milk yield ratio between the front 
and rear quarters is also affected by parity, days in milk and test day. 

Material and methods

Animals and milking system
The study was conducted at the “CAG Colmnitzer-Agrar-Genossenschaft e.G.” 
farm in Germany. The experiment took place from 5th February 2013 to 17th 
February 2014. From a herd of 450 cows, 265 Holstein Friesian cows in their first 
to seventh parity were investigated over one year. Cows milked for less than 8 
months were excluded from the analysis. The herd (450 cows) was grouped into 
four different milk production categories: three groups of high-yielding cows and 
one group with lower milk yield (100-115 cows each). Cows were milked in a 
DeLaval “Voluntary milking system” (VMS) with selectively guided cow traffic. 
Each group used two VMSs. The average milking frequency of the animals was 
2.8 milkings per day with an average milk yield of 38 kg per day. Cows were free 
of clinical symptoms of mastitis.

Equipment for milk yield recording
Milk yield was recorded individually for each of the four udder quarters at every 
milking. Therefore each VMS station was equipped with four DeLaval milk 
meters of the type MM25VCC. They record milk yield, conductivity, average 
milk flow, peak milk flow and blood presence per quarter. Measured variables 
were transferred and saved in the management software DelProTM (DeLaval, 
2010) for VMS.
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Statistical analyses
Milk yield data were available from the management software DelProTM. Data 
were statistically processed in SAS, Version 9.3 (Institute Inc., Cary, NC, USA). 
Some data were excluded after a plausibility check: the milk yield readings of 
cows with a milking interval smaller than 2.5 h or larger than 24 h were excluded 
from the statistical evaluation. In addition the milk yields of front quarters with 
more than 10 kg milk per milking and the milk yields of rear quarters with more 
than 12 kg per milking were excluded. Descriptive statistics were calculated using 
the MEANS procedure. The quarter-related data were presented as mean value, 
standard deviation and coefficient of variation. Statistical analysis was carried 
out using the HPMIXED procedure. Milk yield at quarter level was analysed by a 
mixed linear analysis of covariance (ANCOVA) model. Effects of quarter position, 
days in milk, parity, the length of milking interval, test day and cow on milk yield 
at udder quarter level were tested. Quarter position represents the positions of 
individual quarters, which is front left (FL), front right (FR), rear left (RL) and 
rear right (RR). The days in milk of the cows tested ranged from 5 to 400 days. 
In total, 377 test days were considered. Parities ranged from 1 to 7, and parities 
4 to 7 were pooled into a single class. Parity 1 and 2 included data for 142 cows 
each, parity 3 included data for 71 cows and parity 4 and higher included data 
for 33 cows in total. A total of 118 cows were represented in two parities during 
the investigation period. The length of milking intervals ranged from 2.5 to 24 
h. Cows were numbered from 1 to 256. The Wilmink approach (Wilmink, 1987) 
was used to estimate regression coefficients for day in milk in order to achieve 
lactation curve shapes. The statistical model to describe the differences between 
udder quarters is written as follows:
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MYijkl = μ + Pi + Qj + (PQ)ij + Tk + MI·h + (h x Q)j · MI + W1ij · DIM1 
+ W2ij · DIM2 + (PQC)ijl + W1ijl · DIM1 + W2ijl · DIM2 + eijkl

where  MYijkl  = the measurement for milk yield; 
μ   = overall mean; 
Pi   = fixed effect of parity (i = 1 to 4); 
Qj   = fixed effect of quarter (j = 1 to 4); 
(PQ)ij   = interaction between parity and quarter; 
Tk   = fixed effect of test day (k = 1 to 377); 
MI·h   = regression coefficient h for the covariate milking interval; 
(h x Q)j · MI  = regression coefficient h per quarter for the covariate 
milking interval; W1ij · DIM1  = fixed regression coefficient by parity and 
quarter for the covariate 
      days in milk DIM1 = days in milk; 
W2ij · DIM2  = fixed regression coefficient by parity and quarter for the 
covariate 
     DIM2 = e-0.05· days in milk; 
(PQC)ijl  = random effect of quarter within cow and parity (l = 1 to 
265); 
W1ijl · DIM1  = random regression coefficient W1 of quarter within cow 
and parity 
         for the covariate days in milk DIM1; 
W2ijl · DIM2  = random regression coefficient W2 of quarter within cow 
and parity 
         for the covariate days in milk DIM2; 
eijkl   = random error term ~N(0;σ²ijkl).

The model described below was used to test the influence of parity, day in milk and 
test day on the milk yield ratio between front and rear quarters:

MYRijk = μ+ Pi + Tj +x1· DIM + (PC)ik + x2ik · DIM + eijk

where MYRijk  = the milk yield ratio between front and rear quarters;
μ   = overall mean;
Pi   = fixed effect of parity (i = 1 to 4); 
Tj  = fixed effect of test day (j = 1 to 377);
x1· DIM = regression coefficient x1 for the covariate days in milk;
(PC)ik  = interaction between parity and cow;
x2ik · DIM = random regression coefficient x2 for the covariate 
         days in milk of cow k in parity i
eijk   = random error term ~N(0;σ²ijk).
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This model only used the milkings where all four teats were milked. Therefore the 
sample size for this calculation was 256 cows. The null hypothesis was that the effects 
had no influence on milk yield, with a significance level of 5%. The hypothesis was 
first tested with the F-test. If a class effect showed a significant influence, differences 
between class levels were tested with multiple pairwise t-tests. P-values for the 
differences in means were adjusted by Bonferroni’s method to maintain a global 
significance level of 0.05.

Results and discussion

The results of the descriptive statistics showed differences in milk yield between 
the four quarters of an udder and between parities. Without reference to parities, 
the average milk yield for one rear quarter was 4 kg per milking and the average 
milk yield for one front quarter was 3 kg per milking. Thus there was a difference 
of 2 kg milk per milking between the rear and front quarters. The means of the 
quarter-individual milk yield showed no significant differences between left and 
right quarters. The average milk yield per quarter increased from parity 1 to parity 
2 by 0.5 kg per milking and by 0.9 kg per milking in the front and rear quarters, 
respectively. The quarter-individual milk yield did not differ between parity 2 and 
3. By contrast, the milk yield increased again by an average 0.5 kg per quarter and 
per milking from parity 3 to 4. The results of the statistical analysis using the F-test 
analysed the significances for all the tested effects relating to the quarter-individual 
milk yield (P < 0.0001). 
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RL=rear left quarter, RR=rear right quarter, FL=front left quarter, FR=front right 
quarter, SD=standard deviation

Figure 1: Quarter-individual lactation curves at herd level based on the parameter 
estimates from the fixed effects of the mixed linear model according to the Wilmink 
approach (Wilmink, 1987), averaged across parities
Figure 1 illustrates quarter-individual lactation curves at herd level without the 
influence of parities. The individual milk yields for the quarters differ. Figure 1 
shows the differences between rear and front quarters. The results from the F-test 
and the quarter-individual lactation curves shown in Figure 1 confirmed the first 
hypothesis. This conclusion is backed by the F-test and by multiple pairwise t-tests, 
which also indicate that parity has a significant effect on the quarter-individual milk 
yield (P < 0.0001). 
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Table 1: Results of the multiple pairwise t-test for the milk yield differences 
between left and right quarters, front and rear quarters and diagonal quarters 
using the example of parity 1, expressed as yield of quarters position 1 – yield 
of quarter position 2

quarter position 1 quarter position 2 ED SE  P-value
RL RR   0.01093 0.1329   0.9345
FL FR  -0.04496 0.1330   0.7354
RL FL 0.5906 0.1332 <0.0001
RR FR 0.5348 0.1327 <0.0001
RL FR 0.5457 0.1329 <0.0001
RR FL   -0.5797 0.1330 <0.0001

RL=rear left quarter, RR=rear right quarter, FL=front left quarter, FR=front right 
quarter, ED=estimated difference in milk yields, SE=standard error

Table 1 gives an overview of the multiple pairwise t-tests and their results for 
parity 1 for the differences in milk yield between left and right quarters, front 
and rear quarters and diagonal quarters. Left and right quarters do not show a 
significant difference in milk yield (P = 0.9345; P = 0.7354). In contrast, there 
are differences (P < 0.0001) in the milk yield of the rear and front quarters and 
the yield of diagonal quarters. The results for parity 1 are similar to the results 
for the higher parities. Overall, quarter position influenced the milk yield and 
rear quarters had a significantly higher milk yield than front quarters. There were 
no significant differences between left and right quarters in the front or rear 
position, respectively. The quarter-individual milk yields differed significantly in 
all comparisons between parity 1 and higher parities. The pairwise t-tests show 
significant differences in milk yields between the first and the other parities.
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RL=rear left quarter, RR=rear right quarter, FL=front left quarter, FR=front right 
quarter, SD=standard deviation

Figure 2: Quarter-individual lactation curves at herd level based on the parameter 
estimates from the fixed effects of the mixed linear model according to the Wilmink 
approach (Wilmink, 1987), classified by parities

Figure 2 shows the quarter-individual lactation curves classified by parity in four 
groups. This figure shows that parity influences the milk yield ratio between the 
front and rear quarters. There is a change of proportion from the first parity to the 
following parities. The ratio between the front and rear quarters shifts towards the 
rear quarters. The milk yield of the rear quarters increases more than that of the front 
quarters with increasing parity. These results were confirmed by the F-test (Table 2).
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Table 2: Results of the F-test with percentage ratio between front and rear quarters, 
deviation per parity and slope for days in milk

Effect ED SE P-value
Intercept 0.8890 0.02668 <0.0001
parity 1 0            .            .
parity 2 -0.1401 0.03061 <0.0001
parity 3 -0.1280 0.03449 0.0003
parity 4 -0.1480 0.03967 0.0002

DIM -0.00056 0.000081 <0.0001

ED=estimated milk yield ratio between front and rear quarters, SE=standard error, 
DIM=days in milk

Parity and days in milk have a significant influence on the milk yield ratio between 
the front and rear teats. The front quarters produced 89%, 75%, 76% and 74% of the 
milk yield of the rear quarters for parities 1 to 4, respectively. The proportion for the 
rear and front quarters increases by 0.056% per DIM. Consequently the milk yield 
of the front quarters corresponds to between 40 and 45% of the total milk yield of 
an udder. This result fits the results of Schulz, 2003. Furthermore, milk yields for the 
quarters considered are significantly influenced by the test day. It could be assumed 
that environmental effects influence the ratio.

Table 3 shows the results of the pairwise t-tests for comparison of the ratios between 
front and rear quarters between parities. There is a significant change of proportion 
from the first parity to the following parities. The ratio between the quarters 
considered shifts in favour of the rear quarters. Higher parities (2 to 4) did not differ 
from one another.

Table 3: Results of pairwise t-tests for comparing differences in ratios between front 
and rear quarters among parities

parity parity ED SE P-value
1 2 0.1401 0.03061 <0.0001
1 3 0.1280 0.03449 0.0003
1 4 0.1480 0.03967 0.0002
2 3 -0.01214 0.02827 0.6680
2 4 0.007888 0.03394 0.8164
3 4 0.02002 0.03774 0.5962

ED=estimated milk yield ratio between front and rear quarters, SE=standard error
The null hypotheses of the statistical analyses were rejected based on the results of 



Precision Livestock Farming ‘15 57

the present study. Rear quarters had significantly higher milk yield than front 
quarters. There were no significant differences between left and right quarters 
for the front or rear position, respectively (first hypothesis), and the milk yield 
ratio between the front and rear quarters was affected by parity, day in milk and 
test day (second hypothesis). The differences between rear and front quarters 
found in this study agreed with the results of Tančin et al., 2006 and Ipema 
and Hogewerf, 2008. By contrast, we could not confirm the results of Tančin et 
al., 2006 and Ipema and Hogewerf, 2008 concerning the differences between 
left and right quarters. A possible reason for this could be the differences in 
materials, methods and the statistical analyses. It was not possible to compare 
our second hypothesis concerning the ratios with Tančin et al., 2006 and Ipema 
and Hogewerf, 2008 because this was not subject of their investigations. 
Little information relating to the ratios for each half of the udder is available in 
the literature. The results of this study suggest a stronger increase in milk yield in 
the rear quarters than in the front quarters with increasing parity for the average 
cows in the herd. This significant effect of parity could only be demonstrated 
between the first and the following parities. The development and growth of 
cows during the first parity could be a reason for this. Individual cows can still 
show different ratios and slopes for the ratio between front and rear quarter milk 
yields.

Conclusion

Based on the results of this study, it can be concluded that it is necessary to treat 
the udder at least as a front and a rear half. It would not be technically feasible 
to milk both halves independently. Therefore quarter-individual milking is a good 
opportunity to meet the needs of cows.  
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Abstract

Cheese making economics is maximizing yields and quality through efficient 
recovery of milk constituents and minimizing constituent’s losses in the whey.
Raw milk efficiency for cheese manufacturing is determined mainly by the level 
of milk constituents and its coagulation properties, i.e., rennet clotting time (RCT) 
and curd firmness (CF). These are influenced by many factors such as genetics, 
diet, lactation stage, parity, environment and health. These factors vary between 
cows, during lactation, between milking sessions and during a single milking of an 
individual cow. A new approach for in-farm control of bulk tank milk properties for 
cheese manufacturing is presented. Afilab-milk spectrometer, evaluating coagulation 
properties in real time during the milking, channeling each pull of milk into one of 
two different bulk tanks depending on predetermined required traits. The distinction 
of the milk and designation of tank is derived to from the dairy’s required quotas 
for different products. The potential and optimization for commercial cheese 
production through employment of the Afilab real time milk channeling was studied 
for 9 months within a commercial dairy herd in Israel, totaling ~100 Holstein cows. 
During the milking session, coagulation properties for each cow were analyzed in 
real time and the milk was separated into the two bulk milk tanks accordingly. At 
the dairy, several products were manufactured to compare yields, quality and texture 
between undesignated milk and product made from designated milk. Higher cheese 
yield achieved by processing milk separated in the farm based on its coagulation 
properties.

Keywords: Curd firmness, Rennet coagulation time

Introduction

Modern dairy farms employ high level of automated computerized data acquisition 
by sensors installed in the dairy parlor or on the individual cows. These data are 
utilized in the management system to support decision making in high precision 
farming.
The basic production unit of the dairy industry is the cow. Management system of 
the modern dairy farm is required to monitor a heterogeneous collection of basic 
production units.
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The most common approach of these systems is “management by exceptions”.
In this approach, in farm automated data collection and analysis produces reports 
zooming in on individuals deviating from normal pattern. Additional investigation 
or action taken for these individuals, thus supporting decision making in the modern 
farm.
Yield and quality of dairy products such as yoghurt and cheese correlate to the 
chemical composition of raw milk. The cheese yield formula of van Slyke has long 
been used by the dairy industry as well as scientists for predicting cheese yield (Brito 
et al., 2002; Emmons and Modler, 2010; Fenelon and Guinee, 1999; Verdier-Metz 
et al., 2001). The formula employs milk solids concentrations for predicting cheese 
production yield per required moisture level. However, the solids quality and its 
contribution to yield are not addressed in the formula. It has been shown that different 
batches of milk containing the same concentrations of solids, fat, protein and even 
casein will result in different cheese yields (Law and Tamime, 2010). This quality is 
manifested in the clotting parameters of the milk, i.e., rennet clotting time (RCT) and 
curd firmness (CF) (Fleminger et al., 2011; Leitner et al., 2006; Merin et al., 2008).
The chemical composition of milk produced in the udder is influenced by factors 
such as climate and season, animal feed, age and breed of cow, stage of lactation and 
health status of the animal. In modern dairy farming operations, at any given time 
the animals in the herd differ in stage of lactation, physiological conditions, hormone 
levels, health status etc. Thus, the milk properties of each individual animal have 
direct implications on the bulk milk. 
Consequently, the bulk milk represents milk with an average composition of all the 
individual milked animals. The approach of optimizing vat’s milk quality by payment 
according to somatic cells count (SCC), solids level (fat and protein) and bacteria 
count in the vat is retrospective and therefore limited. However, the coagulation 
properties of the milk, which are of major importance for cheese production, are not 
addressed. The economical goal of cheese making is to maximize yields through 
the efficient incorporation of milk constituents in the cheese while minimizing 
constituent’s losses in the whey. Therefore, milk processors invest vast efforts in 
vat milk fortification to a higher level of protein for increasing cheese yields and 
reducing production costs. Such a fortification is achieved by addition of milk 
solids (up to 14–17% dry matter in certain products) or by membrane concentration 
and fractionation of milk proteins (e.g., ultrafiltration, microfiltration and reverse 
osmosis). 
The AfiLab™ milk spectrometer (Afimilk, Afikim, Israel) provides on-line 
information on each cow’s milk yield, milk composition and clotting parameters 
in real time during the milking session (Leitner et al., 2011a, 2012, 2013). Such a 
device when installed in a milking parlor equipped with two parallel milk lines and 
two bulk milk tanks, has the potential of controlling the milk properties in the two 
bulk milk tanks A and B, based on its on-line properties for cheese making and for 
other milk products and fluid milk. 
The objective of the present research report is to evaluate the economic potential of 
real time milk segregation as performed by the AfiLabTM, based on its coagulation 
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properties – Afi-CF, which corresponds to Curd firmness. Higher cheese yield 
produced in a commercial dairy, from the high coagulating potential milk in the 
designated production vat. 
A major leap in high precision farming introduced in this work, is the advance of 
the management system from report production to real time decisions making.  
In this approach, a modern dairy farm can now supply the dairy producers two types 
of raw materials designated to optimize different final products, thus optimizing 
overall production.

Experimental

The experiment was conducted in a dairy manufacturing Gouda type cheese in 
vats of 2000 liters along with a variety of other milk products such as soft cheeses 
and other hard cheeses. The dairy milk supply came from an adjacent dairy farm 
consisting of ~100 Israeli Holstein cows producing approximately 4000 liters of 
milk daily. The dairy parlor was equipped with two individual milk lines and milk 
releasers feeding two bulk milk tanks (Tank A and Tank B). AfiLabTM installed 
at each stall controlled a valve channeling the milk to the appropriate bulk tank 
according to real time analysis of its Afi-CF clotting parameters. Automated real 
time diversion decisions were made during the milking, every 200 ml., diverting 
high MCP milk to  Tank A, to optimize production of hard and semi hard cheese 
products. Tank B was supplied with raw milk for soft cheese and other products 
such as yoghurt and labnah. The research was conducted over 9 months and the 
major product evaluated was Gouda cheese.

Methods

The system was programmed to deliver any given ratio of Afi-CF cutoff level from 
the total expected production volume of milk in the production vat. The ratio was 
determined by a cutoff level set by the operator according to fat, protein and Afi-CF, 
where the latter corresponds mainly to curd firmness (Leitner et al., 2011a). The 
cutoff Afi-CF for a test-day cheese production was calculated to obtain the desired 
volume of milk per required product based on the past 3 days performance milk 
production of the herd. The software for the project was manufactured and operated 
by Afimilk personnel. Before cheese processing, fat was separated in the dairy to 
obtain a predetermined protein to fat ratio (PTF), as set by the dairy technologist. 
At every step of the cheese production process a sample was taken to determine its 
composition by the Israel Cattle Breeders Association laboratory (Caesarea, Israel). 
Raw milk from the bulk tanks, A or B, according to the production plan was 
transferred to the dairy plant in the morning. At the dairy, the set value of PTF ratio 
of the production vat was decided and the fat was separated by centrifugation. After 
pasteurization, cheese was manufactured according to the standard dairy procedures 
and yield was calculated as kg cheese produced from 100 L of milk and compared by 
introducing the constituent’s levels into van-Slyke’s equation. 
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Results

Milk composition changed when increasing the set cutoff value of Afi-CF (from 
the control to A 21-28), the value responsible for channeling milk into tank A 
(Table 1). The most important component in cheese making is protein, mainly 
casein, which increased by ~ 0.7 – 1.0 g L-1 per cutoff step. It is important to note 
that the increase in casein (which in general comprises ~74-78% of the protein) 
was similar to the increase in protein. In addition, fat was increased in a higher 
ratio, probably due to the general equation set for achieving a certain Afi-CF cutoff 
value (Fig. 1). 
The composition of the raw milk at the different set cutoff levels and control milk 
is given in Table 1. 

Table1. Raw milk composition transferred to the dairy according to the set target 
values (milk tank A and milk tank B), separation ratio was defined as percentage 
from predicted total yield in tank A.

Milk 
type 

Ratio
(%)

Raw milk composition (g L-1)

Fat Protein Casein Lactose Urea (%) SCC x 103

B 25 23.5±0.2 32.5±0.2 23.8 51.1±0.6 0.029±0.005 150±26

Control 100 37.1±1.6 32.7±0.6 24.1±0.3 48.1±1.3 0.026±0.003 303±71

A 75 43.7±2.2 33.8±0.8 24.8±0.6 49.3±0.8 0.032±0.004 286±80

A 50 48.8±1.2 34.9±0.9 25.8±0.9 49.5±0.5 0.024±0.003 298±64

A  25 50.7±0.7 35.8±0.2 26.5±0.3 50.3±0.5 0.028±0.002 264±67

The increase of fat which is over the desired PTF ratio is separated in the dairy 
before manufacturing. Thus, the possible inclusion of an upper limit threshold for 
fat in the separation algorithm should be considered. Special attention should be 
paid to the other measured values such as lactose, urea and SCC, which do not 
vary between the different set Afi-CF cutoff values and the control milk. This is 
of major importance as it proves that the milk does not change in compositional 
measures, which could have had a negative effect when introducing the system to 
potential dairies. 
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Figure 1. Increase in milk solids, fat and protein in raw milk according to set Afi-CF 
cutoff level.

The composition of the standardized milk for cheese production, the yields of kg cheese 
per 100 L and the expected yield calculation according to van-Slyke equation are presented 
in Table 2. During standardization, none of the parameter’s values significantly changed 
including the major important constituents - protein and casein, while fat concentration 
was reduced. These findings support the aforementioned assumption that the AfiLab™ 
segregates milk without changing the components associated with lower milk price such 
as SCC, and it only increases protein and fat levels. The milk does not lose any of its 
constituents after the standardization and pasteurization processes. Cheese yield, the 
major factor tested in this project, increased along the level of Afi-CF setup from 3.8% 
at cutoff level of ~70 channeled to tank A up to 14.4% at Afi-CF cutoff level of ~22 
(Table 2 and Fig. 2). An additional quality property attributed to high yield coagulating 
milk is addressed to as “protein efficiency”. This property represents milk caseins ability 
to aggregate. This property is crucial to the “on-line Milk Separation” concept since it 
cannot be fortified at the dairy. There are few methods for post-production evaluation of 
this property (theoretical and experimental). None of them are very reliable. 
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In the present work we derived the protein efficiency from the modified van-Slyke 
equation for cheddar cheese yield prediction:

                                                               

where: y=expected yield, and M = cheese moisture.
In the derivation of protein efficiency from the van-Slyke equation, expected yield is 
replaced with the actual yield (y’) and the protein efficiency would be the difference 
between the van-Slyke designated protein contribution to the actual contribution:

   

Although not tested, it is also possible that the quality of the cheese improved. It 
should be noted that using such milk does not change any of the standard cheese 
making procedures at the dairy, which means that for the same volume of milk, labor, 
vat size etc., the dairy is gaining up to 14.4% yield in kg cheese. 

Milk 
type 

Standardized milk composition
(g L-1) Cheese 

yield
(kg/100 

L)

Fat 
corrected
Cheese 
yield

(kg/100 L)

Van Slyke 
yield

(kg/100 L)
(42% 

moisture)

Protein 
efficiency 

(%)

Fat Protein Casein Lactose SCC 
(´103)

Control 33.5 32.4 23.8 48.3 265 10.47 10.47 10.53 0.0

A 70-
76% 35.1 33.6 24.4 49.4 232 10.93 10.87 10.98 1.4

A 39-
50% 39.7 34.6 25.4 49.3 239 11.80 11.45 11.91 4.9

A 21-
24% 34.9 34.7 25.3 49.1 196 11.89 11.98 11.11 10.4

Table 2. Standardization of milk composition, yield in kg/100 L milk and according to 
van-Slyke’s equation, according to the set target values (milk tank A and milk tank B).
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Figure 2. Cheese yield efficiency and protein efficiency in percent yield for different 
Afi-CF separation cutoff levels (milk channeled to tank A).

Three other types of cheese were produced from target milk, Parmesan, Camembert 
and Mozzarella. Since only few batches were tested, data is given only for comparison 
of the control cheese of the same type made at the dairy (Table 3). 

Table 3. Milk composition transferred to the dairy according to the set target values 
after standardization for cheese production (A - Target milk tank, and B - Marginal 
milk tank) and yield in kg/100 liter milk.

Milk after 
Standardization Standardized milk composition (%)

SCC (´103)
Cheese 
yield 

kg/100 L 

Fat 
corrected
Cheese 
yield 

kg/100 LFat Protein Casein Lactose

Parmesan - Control 2.80 3.18 2.31 4.62 244 8.80 8.8

Parmesan - A 50% 2.69 3.60 2.67 5.04 191 9.43 9.86

Mozzarella -A 46% 4.33 3.58 2.66 5.04 291 15.60 15.6

Mozzarella -A 28% 3.32 3.65 2.71 5.07 221 14.92 15.9

Camembert - Control 2.98 3.33 2.44 4.92 214 12.24      12.24

Camembert - A 70% 3.49 3.35 2.50 4.89 316 13.48 13.03

Camembert - A 36% 3.86 3.48 2.57 4.99 316 13.90 13.2

As was presented for Gouda cheese above, a similar trend achieved for other cheese 
varieties produced. 
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It should be noted that a great variation of milk clotting parameters was 
found between different individual cows and during the milking session. This 
information has been found to be relevant in classifying the quality of milk at the 
individual gland and the whole animal udder level, with regard to milk clotting 
properties and cheese production (Leitner et al., 2004a, 2004b, 2011a,b, 2012; 
Merin et al., 2008).

Discussion

The above findings clearly indicate that Afilab™ provides opportunities for 
on-line segregating and channeling milk into a large variety of dairy products. 
Cheese yield per volume of milk is increased according to the Afi-CF set 
value. Yield increase in production of Gouda cheese reached 14.4%. Increase 
was demonstrated with three more cheese varieties: Parmesan, Mozzarella and 
Camembert type cheeses. Fat separation before cheese making at the dairy 
provides opportunities for producing other high or low fat products, depending 
on the dairy’s diversity. 
Quality changes of raw milk, not only between cows and days in lactation but 
also from day to day and mainly during the milking session itself (shown in 
fig3),  makes this concept of milk fortification economically superior to any 
other mechanical or artificial approach at the dairy plant. 

Fig3. Milk clotting parameter (y-AfiCf) as a function of the milking session(x 
mm milk pulses ~230 gr) for four different individual cows
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The ability for on-line milk separation during each milking of individual cows 
optimizes the raw milk without added labor cost on the farm. The cutoff Afi-CF 
for cheese production is calculated to obtain the desired volume of milk per 
required product. However, in large operations, the cutoff needs to be calculated 
using more than one set of consideration, since variability exists among farms 
and therefore all Afilabs™ of all farms need to be synchronized, as well as 
milk storage capabilities on each farm. Channeling milk to tank A by Afilab™ 
with higher level and quality of protein also channels more fat and may require 
additional calibrations.
Further optimization can be achieved employing in the future employing machine 
learning and pattern recognition during the milking
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Abstract

We have developed a web-based mapping platform named “BeefTracker” to 
provide beef cattle ranchers a tool to demonstrate that cattle production fits 
within sustainable ecosystems and to provide regional data to update beef 
sustainability lifecycle analysis. After initial identification and mapping of 
pastures, herd data (class and number of animals) are input on a mobile device 
in the field with a graphical pasture interface, stored in the cloud, and linked 
via the web to a personal computer for inventory tracking and analysis.  Pasture 
use calculated on an animal basis provides quantifiable data regarding carrying 
capacity and subsequent beef production to provide more accurate data inputs for 
beef sustainability lifecycle analysis.  After initial testing by university range 
scientists and ranchers we have enhanced the BeefTracker application to improve 
automation for increased ease of use. Thus far experiences with BeefTracker have 
been largely positive, due to livestock producers’ perception of the need for this 
type of software application and its intuitive interface. We are now in the process 
of education to increase its use throughout the U.S. 

Keywords: cloud data storage, graphical interface, animal mapping

Introduction

Maintaining cattle inventory records by pasture becomes more difficult as the 
complexity of a ranching operation increases. Keeping track of the class of beef 
cattle spatially allows the operator to develop stocking data at a pasture level. 
A tool is needed to store and analyze this data so that pasture level stocking 
information across years will be available to ranchers and range managers 
(Hersom, 2014).  Furthermore, this tool would be valuable for beef cattle ranchers 
in order to demonstrate that cattle production fits within sustainable ecosystems 
(Stackhouse, 2014; GRSB, 2015) and to provide regional data to update beef 
sustainability lifecycle analysis.
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Materials and Methods

We have developed a web-based mapping platform named BeefTracker (Forero 
et al., 2015) in cooperation with VESTRA Resources (Redding, California, 
USA). The BeefTracker application (currently in beta test) allows operators to 
set up operational parameters, add ranches and pastures, adjust inventory, locate 
improvements as well as archive and retrieve geo-located monitoring data. The 
inventory feature is iPhone based and affords operators the ability to update 
inventory numbers and location at the time the changes occur. Set up of the 
system is simple and maintenance of inventory information on the iPhone is 
largely intuitive. After initial identification and mapping of pastures, herd data 
(class and number of animals) are input on a mobile device in the field with 
a graphical pasture interface, stored in the cloud, and linked via the web to a 
personal computer for inventory tracking and analysis (Figure 1). BeefTracker 
has the ability to access and edit the livestock inventory while disconnected from 
Wi-Fi and cell service;  the ability to represent portions of a pasture in BeefTracker 
as irrigated and non-irrigated; the ability to report animal unit harvest (by pasture) 
calculated on an annual basis; enhanced map synchronization; and improved security 
to allow a single individual to access multiple livestock operations without needing 
multiple user ids and passwords.  

Figure 1.  Architecture of BeefTracker software using a personal computer, an iPhone 
device, and cloud data storage.
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Results and Discussion

The BeefTracker iPhone App is simple; it requires pointing to choose most entries and 
only requires manual data entry for the number of animals.  For example, in Figure 2 by 
choosing ‘North’ to the right of the ‘Pasture:’ line in the middle column, the summary 
box in the right column appears to show the current status of that pasture.  Alternatively, 
the user can choose the ‘Class’ entry ‘Cows’ and add other classes in that same pasture.  
In the third column the user can choose the ‘50’ to the right of ‘Total Livestock’ and 
another screen (not shown) appears with a listing of the number of each class of livestock 
in that pasture. 

Initial experiences with BeefTracker have been largely positive, due to livestock 
producers’ perception of the need for this type of software application and its intuitive 
interface. After initial testing by university range scientists and ranchers we have further 
enhanced the BeefTracker application to improve automation for increased ease of use. 
A number of report formats are built into the web page for personal computer.  Animal 
inventory and location, and historical pasture use are requested most by users and are 
considered most useful. Pasture use calculated on an animal basis provides quantifiable 
data regarding carrying capacity and subsequent beef production to provide more accurate 
data inputs for beef sustainability lifecycle analysis. This will allow not only producers 
but also their advisors and others with interests in how that land is used, to make more 
informed decisions (Oltjen & Gunter, 2015).

Figure 2. BeefTracker iPhone menus to manipulate animal numbers and classes in 
pastures.
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We are currently enhancing the application prototype, after initial testing by 
university range scientists and ranchers, and will soon introduce the BeefTracker 
application to the industry.  University of California Cooperative Extension will lead 
outreach efforts. Additionally, we will attend meetings (i.e. state Cattlemen’s and/
or Society for Range Management) to demo BeefTracker and showcase the use and 
functionality of the app as a management tool.   

Conclusions

We have developed a web based mapping platform named “BeefTracker” that 
provides beef cattle ranchers a tool to track pasture use through time. The web is 
used to setup pastures and analyze their use, and a smartphone is used in the field 
to make data entry easy using a graphical pasture interface, Initial experiences 
with BeefTracker have been largely positive, due to livestock producers’ 
perception of the need for this type of software application and its intuitive 
interface. We are now in the process of education to increase its use throughout 
the U.S. Its ultimate utility depends on how well it and similar land and resource 
use programs are adopted and used.
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Abstract

Aim of this investigation was to evaluate the SMARTBOW® (SB). The SMARTBOW® 
is a wireless local area network for animal position finding and shows in real time 
the position of the animals (x and y coordinates). Each cow was given an ear tag, 
completely equipped with state of the art sensor technology. The data were forwarded 
to a local server, analysed and the position of each animal in the barn was clearly 
displayed on PC and Smartphone. The SMARTBOW® from the company MKW 
electronics GmbH was installed in autumn 2013 in the dairy barn of the Danish 
Cattle Research Centre (KFC). For the first test of precision seven sensors had been 
placed on different areas in the stable (at a feed bunker, at lying cubicles, in a waiting 
area in front of the Voluntary Milking System, in the area of pregnant heifers and in 
a calving-pen). To get an overview about the position of the cows, route maps and 
scatter plots were drawn up by cows lying in cubicles. The real time positioning of the 
seven sensors put at a fixed position showed standard deviations for the x-coordinate 
between 0.46 m and 1.01 m whereas for the y-coordinate standard deviation was 
between 0.35 m and 1.33 m, respectively. The 13 sensors fixed on the cows lying in 
cubicles showed standard deviations of cow position in X- and Y-direction between 
0,52 and 2,0 m and 0,5 and 1,63 m, respectively. These first results seem practicable 
for working with animals and the wireless local area network system.  

Keywords: dairy barn, wireless local area network, indoor positioning, animal 
behaviour, real time

Introduction

Analysing the behaviour of animals is still in focus of research. In behavioural studies 
the analysis is traditionally done by video or direct observation. All these methods 
are very time consuming. Still it is in focus to observe changing behaviour of cows to 
detect health and welfare problems (Livshin et al., 2005; Hutala et al., 2007). In large 
herds it is not possible to use video observation. So in the last years different types of 
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tracking systems debuted on the market. A lot of technologies have been tested, but 
only some are usable for animal tracking indoors. 
For example Gygax et al., 2007 used a local positioning measurement (LPM) system 
(ABATEC Electronic Systems). They published that it is a good tool for tracking 
locations (time spent in different areas), paths and proximity (a measure that can 
be used to quantify social relationships) between dairy cows. Measurements are 
performed at a high sampling rate and with high spatial precision. This radar-based 
tracking system enables all members of a dairy herd to be located synchronously, and 
the LPM data is available for automated evaluations. Tøgersen et al., 2010 proposed 
an algorithm for estimating positions of devices in a sensor network using Kalman 
filtering techniques. The specific area of application is monitoring the movements 
of cows in a barn. The algorithm consists of two filters. The first filter enhances the 
signal-to-noise ratio of the observed signal strengths and gives interpolated values at 
specific timestamps. Information from the first filter is transferred to the second filter 
which estimates the positions. Methods for estimating the parameters of the filters 
are given and these provide a straightforward calibration of the system. Huhtala 
et al. concluded in 2007 that the wireless local area network (WLAN) technology 
is the most promising solution for an affordable research system in the future. 
Their investigations showed that a WLAN can give location which is sufficient 
for monitoring cows’ behaviour. Although the stability was not good enough in the 
normal situation, there is further potential to develop the system and provide a more 
accurate and stable location.

Focus of this research project was to evaluate the SMARTBOW® (SB). The Company 
MKW electronics GmbH promised that the SB shows in real time the position of the 
animals. The aim of evaluating the SB was to analyse the position accuracy in a loose 
housing dairy barn. 

Material and Methods

Method

The SB is a Real-Time Locating System (RTLS) based on radio communication 
on a Chirp Spread Spectrum (CSS), which uses all channels of 2.4GHz Industrial, 
Scientific and Medical Band (ISM). SB is using as Location technology the Time of 
Arrival (ToA). The Wallpoints generate a radio communication network in the barn. 
Result is a communication between eartags and wallpoints. The of the radio signal 
describes the distance between eartag and Wallpoint, Time Difference of Arrival 
(TDoA) can be calculated. The position of each animal/eartag is calculated on the 
intersection of the resulting hyperbolas.

Each cow was given an ear tag (Fig. 1). Every second the position of each cow in the 
stable was recorded. The data were forwarded to a local server, analysed and clearly 
displayed on PC or Smartphone. On PC and Smartphone it was possible to keep an 
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eye on the herd. The SB from the company MKW electronics GmbH was installed 
in autumn 2013 in the dairy barn of the Danish Cattle Research Centre (KFC) which 
is a conventional loose housing dairy barn, equipped with three Voluntary Milking 
Systems. They have Danish Holstein-Frisian and Jersey cows in the barn which are 
divided into three groups. 

Figure 1: Ear Tag of SMARTBOW®

Experimental set up and statistics

At first seven SB Sensors were placed in different areas in the stable and fixed with 
tape:

1) At a feed bunker A 12 as reference (tag 1174)
2) At lying cubicles in group 1 (tag 1130), group 2 (tag 1073) and group 

3 (tag 1155)
3) In the waiting area in front of the VMS 1 (tag 1196)
4) In the pen of the heifers (tag  1202)
5) In the calving box (tag  1211)

Coordinates sent by the tags were recorded for 30 minutes. During this period between 
1167 and 1449 data sets were transferred from each tag, resulting in frequencies 
between 0.65 and 0.8 s-1. The values of the x- and y-coordinates then were used to 
calculate the mean position as well as the standard deviations for both orientations 
separately for each tag. The calculations were done with the MEANS procedure of 
the SAS 9.3 software (SAS Institute Inc., Cary, NC, USA).

In a second step, visual observations of five Jersey cows (group 3) during the time 
they spent in lying cubicles in the barn were done. It was observed how long time 
the cows were lying during the time of the investigation and the lying cubicles of 
the cows were documented. The lying periods took between 9 and 21 minutes and 
provided between 284 and 917 data sets, with transfer frequencies ranging from 0.49 
to 0.76 s-1. Calculations of location and standard deviation were done in the same 
way as in the first part of the experiment.
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Results and Discussion

Accuracy of tags position at fixed points

In Figure 2 the seven tags were marked in the SB software to see the actual position 
in the barn. 

Figure 2: Screenshot of SB software showing the position of the seven tags in the 
barn

Afterwards these positions of the tags were compared with the real positions of the 
tags in the barn. It seems that all points were shifted to the right side (y-coordinate, 
long side of the barn) by about 2 m. Possible reasons could be slight errors in the 
drawing of the barn, which was put into the positioning system. The results of the 
descriptive statistic show an average standard deviation of 0.68 m between the 
software produced positions and the real positions. For all seven tags the standard 
deviation for the x-coordinate was between 0.46 m and 1.01 m whereas for the 
y-coordinate standard deviation was between 0.35 m and 1.33 m, respectively. Table 
1 exemplarily shows the descriptive statistics for tag 1155 (group 3) and tag 1174 
(feeder A12). 

Table 1: Descriptive statistics of tag 1155 and tag 1174 placed at fixed positions in 
the barn

Tag-ID N Obs. N Variable Mean SD Minimum Maximum
1155 1485 1401 x-values -25.3 1.01 -28.0 -22.3

y-values 72.1 1.33 67.0 75.2
1174 1547 1409 x-values -5.3 0.53 -7.1 -5.0

y-values 39.0 0.60 37.8 40.6
N Obs. = Number of observations; N = Number of non-missing observations; SD = 
standard deviation

 
Figure 2: Screenshot of SB software showing the position of the seven tags in the barn 
 
Afterwards these positions of the tags were compared with the real positions of the tags   

1174 

1155 
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At the feeding alley (tag 1174) the x-value is adjusted to -5. Tag 1155 was placed and 
fixed between two lying cubicles. There was a larger spread of x-values for tag 1155 
compared with tag 1174 in this investigation. Altogether the distribution confirms 
that the software produced positions of tags and the real positions in barn are not 
identical. The Box-Whisker-Plots (Figures 3 and 4) depict the distributions of x- and 
y-values of all seven tags, respectively. 

Figure 3: Box-Whisker-Plot for x-values of seven tags placed at fixed positions in 
the barn

Figure 4: Box-Whisker-Plot for y-values of seven tags placed at fixed positions in 
the barn
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It can be concluded that the standard deviation between the SB determined positions 
of tags and the real positions in the barn assume acceptable values, when tags are in 
a fixed position.

Localisation accuracy of cows in lying cubicles

To get a first overview about the positions of the cows, route maps were drawn up 
by using SMARTBOW® (SB) software (Fig. 5a and 6a). Cows 1411 (tag 1044) and 
5811 (tag 1174) were lying all the time each in the same cubicles. In Figures 5b and 
6b scatter plots were drawn to get an idea about the variation between the different 
measured points during the lying period. 

Figure 5a: Route map  of lying cow 1411with 
tag 1044

Figure 5b: Scatter plot of cow 1411

For the lying behaviour of cow 1411 the scatter plot (Fig. 5b) confirms that the cow 
laid in the same cubicle all the time. There are small deviations, but the position of 
the cow could be identified.
The lying behaviour of cow 5811 can be verified in the scatter plot (Fig. 6b). 
However, a high variation was found in the different measured points during the lying 
period. Outliers in other cubicles or other stable compartments could be observed. In 
contrast, from visual observation it was clear that the cow did not leave the cubicle.
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Figure 6a: Route map of cow 5811 with 
tag 1174

Figure 6b: Scatter plot of cow 5811

In Table 2 the standard deviation of cow position in x- and y-direction for 13 cows 
while lying in a cubicle are given. The average standard deviation for the x- and 
y-direction is 0.97 m and 0.76 m, respectively. This mean standard deviations show 
clear variation between the individual measured values of each ear tag.

Table 2: Standard deviation (m) of cow position in X- and Y-direction for 13 cows 
while lying in a cubicle

  

Date Group Cow ID N Std (X) Std (Y)
03APR2014 3 1411 1031 0.871 0.6
03APR2014 3 5530 420 0.647 0.74
03APR2014 3 5668 1035 0.604 0.6
03APR2014 3 5729 1015 1.116 0.587
03APR2014 3 5783 1014 1.123 0.964
11APR2014 1 5340 887 1.121 0.591
11APR2014 1 5655 889 0.629 0.639
11APR2014 1 5674 914 0.534 0.601
11APR2014 1 5811 886 1.266 0.875
11APR2014 1 5905 902 1.385 0.997
11APR2014 3 5407 714 2.01 1.633
11APR2014 3 5888 796 0.519 0.584
11APR2014 3 6004 761 0.817 0.505
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An improvement of accuracy of the system regarding to technical aspects and 
software status would be necessary. The use of an algorithm for estimating 
positions of devices in a sensor network using Kalman filtering techniques by 
Tøgersen et al., 2010 may be a possibility to improve our results. In comparison 
the position system used by Gygax et al., 2007 showed an average deviation 
of 0.2 m. But they also had some problems in the stable. Ipema et al., 2013 
tested in their study a localization system based on beacons regarding the 
accuracy of the system. They found an overall mean accuracy of 30.5 cm 
±25 cm. A location system based on Ultra Wide Band technology by Ubisense 
(UK) showed an average location mean error of 0.515 m with an identification 
accuracy of 98% (Porto et al., 2014). Zhou and Shi, 2009 tested a passive radio 
frequency identification technology for object localization. They compared the 
multilateration method with the Bayesian inference method. For multilateration 
method they found a mean standard error of localization of 0.19 ±0.24 m whereas 
for the Bayesian inference method the average standard error was 0.37 ±0.11 m. 
The authors concluded that Bayesian inference method was worse regarding the 
accuracy whereas it was better evaluated regarding repeatability. Aim of further 
studies should be the reduction of the standard deviation in a similar area for SB. 
Generally, this study confirms the results of Huhtala et al., 2007 that the wireless 
network-technology is the most promising solution for an affordable positioning 
system in the near future.

Conclusions

In General, it can be concluded that the SMARTBOW® works well. It helps to 
find cows in the stable with a sufficient accuracy. It should be possible to use the 
SMARTBOW® for further research in animal behaviour as well. Further studies are 
needed to verify the ability of the system to give information about cow behaviour, 
feed intake, sick cows etc. However, it needs some improvement regarding to 
accuracy of the position. Since this time of validation some improvements were 
already done by MKW electronics GmbH.

As a next step, the use of SB to forecast feed intake by using time each cow spends 
at feed bunker will be examined in our research.
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Abstract 

Optimizing grazing management is fundamental to economic return in grassland 
production systems. However, costs of labour and fencing may represent obstacles 
to optimizing profitability from the system. The task of grass allocation usually 
involves subjective visual assessment and intuitive decision-making on farms 
implementing an intensive grazing system, followed by putting in place extensive 
lengths of fencing to enclose the animals. This preliminary study examined the 
labour requirements associated with a strip grazing system. In addition, the 
development of a fencing system which could support farmers in optimizing 
grazing management while reducing labour costs is described and discussed in 
the latter part of the paper. 

Keywords: grazing management, labour requirements virtual fence, robotic 
milking 

Introduction

Optimizing grazing management is fundamental to economic return in grassland 
production systems. However, costs of labour and fencing  may represent 
obstacles to optimizing profitability from the system. The task of grass allocation 
usually involves subjective visual assessment and intuitive decision-making on 
farms implementing an intensive grazing system, followed by putting in place 
extensive lengths of fencing to enclose animals. This preliminary study examined 
the labour requirements associated with strip grazing by using the PROOF model 
calculation system. In addition, a secondary focus was on the development of a so 
called virtual fencing system which could support farmers in grazing management 
while reducing labour costs. This will be discussed in the second part of the paper. 
The aim of this study was to bring together the two important elements, showing 
the economic needs of the farmers on one side and a  new technology, virtual 
fencing, as a potential solution on the other side. Often, the labour requirements  
and ergonomic aspects take a back seat when Precision Livestock Farming 
technologies are developed and that can lead to poor uptake as farmers need the 
additional information to make an informed purchasing decision. 
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Material and methods

The study was conducted on a research farm at Teagasc Moorepark, in Ireland. The herd 
consisted of 70 cows, milked by an automatic milking system (AMS; Merlin Fullwood, 
Ellesmere, UK) located centrally in the farm yard within three blocks of pasture (Figure 
1). Each cow can spend up to 8 hours in each of the three grazing blocks, in each 24 hour 
period. As cows move from one block to the next they are directed through the milking 
yard milked  with the option of being milked by the robot up to three times a day. A very 
strict strip grazing regime has been implemented on this farm. It is the precise allocation 
of grass within each block that influences the cows’ voluntary movement for milking. 
That involves the daily movement of the fences within the three blocks. This is currently 
done manually and collecting information on labour requirements can give an important 
insight on the economic viability of automated solutions such as virtual fencing.  
The labour input required for the fencing task, including movement of fences in the three 
grazing blocks was estimated by a member of staff associated with the grass allocation 
and grazing management within those paddocks. Additionally, factors influencing the 
labour requirement, such as distance to and width of paddock were also recorded in order 
to facilitate modelling of the labour requirement for the fencing procedure.

  

Figure 1: Overview over the fields used for the AMS herd, split into three blocks. 
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In order to get an  overview of the actual labour requirements, a modelling 
exercise for labour associated with moving fences was conducted. The PROOF 
model calculation system was used (Heitkämper et al., 2010; Riegel & Schick, 
2005; Figure 2). This calculation system provided a tool to calculate working 
time requirement of specific work processes. It is based on the work element 
method according to REFA (1978). 
Work element method
For this work element method, the individual work elements were defined and 
the time associated with each was recorded, e.g. ‘walking without load’, ‘putting 
a stake in’, ‘taking a stake out’. Recording of the defined elements was conducted 
using  a hand-held PC with  time recording software. Further, the collected data 
were analysed and planning times calculated. These planning time data  was then 
inputted to the PROOF model calculation system. The PROOF model for pasture 
utilisation fencing used in this study was developed for a previous project. It 
required just a few minor modifications for the specific fencing scenario in the 
current study. Only Module 1 “mobile electric fencing” (Figure 2) was used for 
the modelling exercise.  

Knowledge of the factors influencing the labour requirement for the fencing task, 
e.g.  width of paddock was critical for modelling the work processes. Parameters 
such as the amount of meters walked, the distances between the stakes etc. 
were needed for the calculations. These parameters are shown in Table 1. It was 
assumed that the fence line was moved by approximately 25 m (on average) 
during a grazing period of 10 months. The distance between the stakes was 8 m.     

Figure 2: Proof model calculation system – module selection. 
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Table 1: Main influencing factors. 

Section Min. distance to 
field (m)

Max. distance to 
field (m)

Average width of 
paddock (m)

A 230 410 35
B 20 390 90
C 80 795 50

 
In addition, a work flow description is needed to be able to establish a model with a 
good fit. A detailed description of the fencing procedure is given in Table 2. 

Table 2: Work flow description for the fencing procedure. 

Work flow description
Walking from the farm yard to the fence line which needs changing. 
Unhooking the reel and walking along the fence line, taking the tape out of the 
insulators and reeling it up.
Walking back along the fence line while taking out the stakes and carrying them.
Walking to the next fence line with the equipment.
Putting the stakes in along the new fence line. 
Hooking up the reel and walking back while unreeling the tape and putting it 
into the insulators. 
Walking back to the farm yard. 

Results and Discussion

Labour requirement
The time associated with processes of grazing management (as retrospectively estimated 
by the staff member associated with this task) was 30 minutes per grazing section per 
day. This amounts  to a labour input of approximately 473 MPh (Man Power hours) per 
year on this farm for 70 dairy cows. Based on the modelling exercise, a labour input of 
284 MPh was required for the actual movement of the fences for the three sections (more 
detailed information shown in Table 3), with the remaining 188.6 MPh associated with 
establishing the grass available and making the judgment as to where to put the fence 
line. It is planned to include these work elements into the model at a later stage.  

Table 3: Calculation of working requirements for the three sections per year. 

Section MPh/a
A 81.9
B 92.3
C 110.2
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The amount of 473 MPh for the fencing procedure and the establishment of the 
correct location for the fence line as well as the the 284 MPh for the fencing 
procedure are both substantial amounts of time. In Ireland, a standard labour unit 
(SLU) is defined as 1850 working hours per year. That means that the fencing 
procedure  takes up 15% out of the yearly working time budget for a SLU. If the 
time for establishing the fence line is also taken into account, it adds up to 25% 
of the working time for a SLU. In addition, the average salary for farm labour 
in Ireland is 12.50 Euros. That means, that a farmer needs to spend about 5’900 
Euros for the labour for fencing per year.    
In general, it should be noted that modelling the working time requirement 
usually underestimates the labour input due to the occurrence of downtimes etc., 
which were not included in the model. However, it gives a very good indication 
for planning work routines. Moreover, it delivers important knowledge on the 
demand for automation and the potential benefit of automated solutions. One 
such  potential solution may be the virtual fence (VF). Future analysis of labour 
data will examine the time required to operate the VF (e.g. putting VF collars on 
and changing batteries). This will also be an important factor for the economic 
viability of the VF. However, a VF may be able to provide more benefits than just 
the reduction of labour costs. 

The potential of virtual fencing

It is important to address the labour requirement by developing a technology 
which would enable the farmer to reduce labour input. The system currently 
under development comprises two parts, (a) an automated herbage measurement 
system and (b) a guiding system for animals, a so called virtual fence (Figure 4). 
The first part of the system, the automated herbage measurement system, is 
not the primary focus of this paper but it plays an important part in the overall 
concept. An automated measuring system is currently being developed which 
measures the grass density and height which will be recorded alongside the GPS 
coordinates. The data will be send to a smart phone to calculated the grazing 
allocation. 
Focusing on VF technology, the primary concept is to contain cattle within an 
area or keep them away from an area without the use of an observable physical 
barrier or boundary (Umstatter, 2011). The currently developed VF prototype 
consists of a collar, global positioning system (GPS), a triggering system, a radio 
antenna and a base station for the GPS correction data and accelerometers to 
monitor animal activity (McSweeney et al., 2014). Although different technical 
approaches were developed and patented over the years (reviewed by Umstatter, 
2011), a decision was made to build the prototype based on a GPS tracking 
system as it removes the requirement for installed infrastructure and provides the 
farmer with flexibility. 
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Figure 3: Concept of a cybernetic grazing management system consisting of a virtual 
fence device and an automated herbage measurement system. 

As the allocated areas for strip grazing are often not very large, the GPS needs to be 
more precise in order to contain the dairy cows in the allocated section. An additional 
advantage of this is that a more precise GPS leads to a more precise fence line and 
reduces confusion for the cows as to where to expect the fence line. Consequently, 
differential GPS in conjunction with a base station was selected for the development. 
In future, it is envisaged to combine the herbage measurement system and the VF such 
that, the grazing allocation can be calculated automatically and then communicated 
automatically to the VF, which in turn restricts the cow to the allocated area. This 
could reduce the costly labour requirements of intensive strip grazing significantly. 
Through the option of monitoring activity, useful information could also be fed 
back into the system to give additional input on grazing allocation. It could provide 
valuable information on e.g. the degree of satiation of the cows. 
With such a system a truly cybernetic system in the sense of Norbert Wiener (1961) 
could be created. The major advantage would be the closed feedback mechanism 
which could enable the system to fine tune the grazing management. In addition, 
the information collated by the cybernetic system could be used as an early warning 
system for health and welfare issues. Another option could be to identify oestrous in 
dairy cows. 
In addition, a link between the virtual fence and the automated herbage measurement 
system to the RumiWatch tool, which is a noseband pressure senor to collect data 
on chewing and rumination behaviour of cattle (Zehner et al., 2014) could be very 

 

 
VF  prototype  

Automated  herbage  
measurement  system  
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valuable to optimise grazing management. According to literature, the two key 
factors affecting the milk yield of grazing dairy cows are herbage allowance and 
the precise estimation of herbage mass (Combellas & Hodgson, 1979; Peyraud et 
al., 1996). Being able to increase knowledge on individual needs of dairy cows 
and being able to feed that immediately back into the system and, therefore, into 
pasture allocation could be very valuable as previous studies indicated that precise 
daily allocation of pasture for lactating cows increased milk production by 10% 
(Fulkerson et al., 2005). McEvoy et al. (2009) found that grazing pastures with 
a herbage mass of 1,700 kg DM/ha rather than 2,200 kg DM/ha, significantly 
increased sward quality and milk solids output per hectare. It was also found that 
using the management strategy of grazing a low herbage mass (1,600 and 1,700 
kg DM/ha) at a high herbage allowance (20 kg DM/cow/day) achieved the highest 
milk output per ha and per cow, leading to low post-grazing residuals and enhanced 
sward quality (McEvoy et al., 2009; Roca-Fernandez et al., 2011). Hence, under-
estimating herbage mass could potentially reduce milk solids per hectare and 
inadvertently increase the herbage allowance, therefore, increasing the quantity 
of residual grass and, thus, reducing the herbage quality in subsequent grazing 
rotations (McSweeney et al., 2014). 

As a final point of thought, it should be mentioned that in a strip grazing system 
of dairy farming both, fencing and herding are two labour intensive activities that 
contribute to the daily work load of a dairy farmer. VF has also the potential to 
simplify and minimize labour and associated costs through automated herding. 
This is true for conventional and automatic milking systems. In AMS with free cow 
traffic virtual fence technology could ensure regular visits to the milking robotic. 
Although the method of choice to control cow location for the majority of VF 
collars invented to date, is based on negative reinforcement by applying an initial 
audio warning cue on approach to the virtual fence line and a subsequent aversive 
electrical stimulus at the fence line, there are studies described in literature which 
deal with positive reinforcement (Anderson and Rus, 2009). The approach of using 
positive reinforcement are at the majority of times described in conjunction with 
herding and not with containing animals in an area. However, Doniec et al. (2010) 
found that electric stimuli are sometimes necessary to make it more reliable but 
aversive stimuli do not necessarily need to be electric cues. Umstatter et al. (2013) 
broadcasted irritating sounds, such as 8 and 10 kHz, to manage cattle location. The 
described approach by the authors could be effective for herding cattle. 

Conclusions

It can be concluded that the amount of labour needed for an intensive strip grazing 
system is high with about 15% of working time for a SLU per year just for the time 
spent on fencing on the model farm in Ireland. A VF system could provide a solution 
to reduce the required amount of labour for fencing activities. In addition, such a 
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system could also give the farmer additional information on grazing behaviour and 
welfare which could in turn help to improve cow performance, health and optimise 
pasture use.  Especially the link between automated herbage measurement and 
virtual fencing, developed as a cybernetic system, could provide the farmer with 
valuable information to improve the performance of both dairy cows and pasture. 
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Abstract 

In order to improve animal welfare and enhance the comfort of dairy cows, the 
application of information technology (IT) within the intensive livestock farming 
takes a key role in a proper routine management. 
This study aims to compare localisation and activity data provided by the CowView 
system, an automatic indoor localisation system for dairy cattle, with those obtained 
by a manual labelling procedure, twice within an observation period of minimum 25 
hours per dataset. 
Data from five selected dairy cows were represented by behaviours performed in 
relation to the occupied zones, and were classified in two categories: activity and 
localisation.
The identified activities performed by the dairy cows were standing, walking (both 
considered as being in the alley), resting (being in the cubicle) and feeding (being 
at the feeder). Indeed, the zone considered in the analysis were alley, in bed and 
feeding zone. Data automatically and manually classified (used as a reference) were 
compared.
Among all the behaviours detected by the automated software, the most reliable 
results are those related to the activity of feeding (accuracy higher than 95%). The 
results showed that the CowView automatic monitoring system is able to identify 
activity zone classification (ALLEY, THROUGH, CUBICLES) with higher 
reliability compared to the specific activities performed by dairy cows. The results 
obtained  support the CowView system as an innovative and effective solution for an 
easier management of dairy cows. 

Keywords: behaviour, welfare, PLF, cow, herd monitoring

Introduction

Changes in the global demand of dairy products currently mean that the dairy 
industry is under pressure in increasing its productivity and efficiency (Gerber et al., 
2011); moreover, the consolidation of farms has resulted in larger herd sizes (Von 
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Keyserlingk et al., 2013), leading to difficulties for the farmer in identifying each 
individual cow and tracking its health and behaviour records.
Monitoring the behaviour of dairy cows is useful to assess their welfare, health status 
and comfort at farm level (Mattachini et al., 2013). Indeed as reported by Huhtala et 
al. (2007) it has been seen that changes in cows’ behaviour are strong indicators for 
their health and welfare problems and therefore they can be used as input to an early 
warning system.
Knowing the position of the cows is substantially important to monitor their 
behavioural patterns and activity (Huhtala et al., 2007) obtaining also information 
about the time spent in the different locations of the shed. In fact, the time spent 
by the cows lying or feeding plays an important role in terms of milk production 
(Fregonesi et al., 2007; Mattachini et al., 2011); therefore, continuous observation of 
those behaviours is a tool for the farmer to monitor and control cows’ health status 
and production. 
However the continuous monitoring requires a lot of manpower/labour and it is time-
consuming (Fontana et al., 2014), for this reason Precision Livestock Farming (PLF) 
can combine information technology into on-line automated tools that can be used 
to control, monitor and model the behaviour of animals and their biological response 
(Tullo et al., 2013).
Nowadays, the application of information technology (IT) within the intensive dairy 
farming takes a key role in a proper routine management in order to improve animal 
welfare and to enhance the comfort of dairy cows.
Indeed, several studies confirmed the feasibility of the use of IT achieving excellent 
results in the identification and localisations of the animals, feeding patterns 
recognition and oestrus detection (Porto et al., 2014).

The CowView system is an automatic indoor localisation system for dairy cattle 
providing positions and zone-related behavioural activities of tagged animals based 
on triangulation of very short radio-signals (Ultra Wide Band). The system is able to 
detect and monitor animal behavioural activities based on positioning, time at feeding 
table, time in bed, time standing and walking in the alley and distance travelled.
This study aims to compare localisation and activity data provided by the CowView 
system with those obtained by a manual labelling procedure. The manual labelling 
of the video was used as Gold Standard for the comparison, in order to check the 
accuracy of the system in localising zone occupied by the cows and their activity.
Therefore, data performed by five selected dairy cows were represented by behaviours 
in relation to the occupied zones, and were classified in two categories: activity and 
localisation.

Materials and methods

Data used for the comparison were divided in two datasets; the first one was used for 
the preliminary analysis of the output of the system, while the latter was obtained 
after the design optimisation of the CowView installation. The analysis consisted 
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in the comparison between data collected automatically with the CowView system 
and the manual labelling performed on the video recordings obtained with a camera 
(Axis P5534 PTZ Dome Network, 30 fps, and 1280x720 pixel) placed in top down 
perspective under the roof of the barn. 
Five selected cows (with a yellow letter on both flanks, and on the back of each cow) 
that were equipped with the CowView electronic tag were followed.
Data used for the comparisons were represented by the zone-related activities 
performed by the selected dairy cows, and were classified in two categories: activity 
and localisation (Table 1). In both datasets, the “feeding” behaviour was considered 
when the cow’s head was in the fodder line. “In bed” behaviour was considered 
when at least two legs were in the cubicle, but the system was not able to recognise 
if the cows were lying or not.

Table1. Classification of data used for the analysis according to the behaviours 
performed by the cows or their localisation.

Activity type Localisation of the cow
Standing Alley
Walking Alley
In bed Cubicles

Feeding Through
At the drinker 

(only in the second dataset)
At the drinker 

(only in the second dataset)

First data set
Data collection consisted in around 38 hours of video recordings divided in 5 days. 
Since, one hour a day (5 days) for five marked cows were considered, the dataset for 
the validation analysis included only 25 hours (90,000 seconds - 2.7x106 frames) of 
recordings. During the manual labelling procedure, each activity/localisation was 
classified recording the type, the zone and the duration. The resulting dataset was 
merged with the output of the CowView system, in order to obtain the true positives/
negatives and the false positives/negatives. Data from manually labelled videos were 
used as reference value (Gold Standard).

Second data set
The video data set covered around 42 hours of labelled video (150,405 seconds - 
around 4.5x106 frames) in 6 days. After the manual labelling, about 37 hours (132,053 
seconds - around 3.9 x106 frames) of activity and localisation data were available.
Also in this case, each activity/localisation was classified with the manual labelling 
procedure, recording the type, the zone and the duration. 
Only in this dataset the categories “at the drinker” were added to the cow activity/
localisation classification. This activity was not classified as “drinking” since the 
CowView system could not identify this behaviour precisely.
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The resulting dataset was merged with the output of the CowView system, in order 
to obtain the true positives/negatives and the false positives/negatives. Data from 
manually labelled videos were used as reference values (Gold Standard).

The parameters evaluated for each activity/localisation were:

•	 Sensitivity, parameter that tests the true positive rate:

•	 Specificity, parameter that tests the true negative rate:

Predictive value for a positive result (PV+), parameter that tests the probability that 
the CowView detects behaviour that cow is actually performing:

Predictive value for a negative result (PV-): parameter that tests the probability that 
the CowView does not detect behaviour that cow is actually not performing:

Accuracy: parameter that expresses the proportion of correctly classified behaviours 
among all events detected

Results and discussion

In Figure 1 an example of comparison between data manually labelled and automatically 
detected by the CowView system in relation to the activity of FEEDING is reported. 
Grey parts represent the amount of time (in seconds) spent by the selected cow in the 
activity of FEEDING detected by the CowView system. Black lines represent the actual 
time spent by that cow in the specific activity. Grey parts with the black frame represent 
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the results obtained with the automated system that can be overlapped to the reference 
values (manual labelling). Black lines without grey filling represent a mismatch between 
the automated detection and the reference values.
Figure1. Example of comparison between data manually labelled and automatically 
detected by the CowView system in relation to the activity of FEEDING on a selected 
Cow (A) and on a selected day. Values of “1” indicate the activity detection (manual/
automated)

In Tables 2 – 5 the results of the manual labelling and the continuous monitoring of 
the cow activity/localisation obtained with the CowView are reported for the first 
and the second dataset respectively. On the diagonal of the tables the acitivities/
localisation that were detected both by the manual labelling and by the CowView 
System (true positive) are reported, while the rows represent the behaviours/
localisation detected by the automated system that did not match with the reference 
values (manual labelling).
All data are expressed in seconds. The last row is the total and actual amount of time 
spent by the five cows in a determinate activity/location, while the last column on the 
right represents the total amount of time that the cow spent in an activity /location 
according to the automated system.
Table 2. Results of the manual labelling and the continuous monitoring obtained on 
cow activity data with the CowView on the first dataset.

  Manually labelled  
  STANDING WALKING IN BED FEEDING  Total

CowView

STANDING 11,851 171 686 323 13,031
WALKING 2,300 2,322 671 2,488 7,781
IN BED 17,542 137 22,870 76 40,625
FEEDING 571 289 0 27,703 28,563

   Total 32,264 2,919 24,227 30,590 90,000
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Table 3. Results of the manual labelling and the continuous monitoring obtained on 
cow localisation data with the CowView on the first dataset.

  Manually labelled 
 ALLEY IN BED FEEDING Total

CowView

ALLEY 16,305 1,623 2,776 20,704
IN BED 2,799 37,812 76 40,687

FEEDING 871 0 27,738 28,609
Total 19,975 39,435 30,590 90,000

Table 4. Results of the manual labelling and the continuous monitoring obtained on 
cow activity data with the CowView on the second dataset.

Manually labelled

STANDING WALKING CUBICLES THROUGH AT THE 
DRINKER Total

CowView

STANDING 13,125 237 1,014 798 947 16,121
WALKING 3,075 4,801 243 697 267 9,083
CUBICLES 889 214 44,336 0 1 45,440
THROUGH 1,068 603 1,110 48,497 66 51,344

AT THE 
DRINKER 2,687 316 0 0 7,062 10,065

Total 20,844 6,171 46,703 49,992 8,343 132053

Table 5. Results of the manual labelling and the continuous monitoring obtained on 
cow localisation data with the CowView on the second dataset.

  Manually labelled  

 ALLEY CUBICLES THROUGH AT THE 
DRINKER

CowView

ALLEY 21,147 1,207 1,457 1,151 24,962
CUBICLES 1,132 44,386 0 1 45,519
THROUGH 1,682 1,110 48,535 66 51,393

AT THE 
DRINKER 3,054 0 0 7,125 10,179

 27,015 46,703 49,992 8,343 132,053

In Figures 2-8 the comparison between the sensitivity, specificity, PV+, PV- and 
the accuracy of the activity/location detected with the CowView system on the two 
data sets are displayed. After the design optimisation of the installation the five 
parameters considered (sensitivity, specificity, PV+, PV- and the accuracy) increased. 
In particular, the sensitivity for the STANDING activity and the specificity of the 
WALKING activity had nearly doubled.
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In general, there was an increase of accuracy for all the activities/locations that 
reached values between 92 and 97 %.
The increase in sensitivity indicates an increase of the rate of true positives 
detected, meaning that the CowView system detected the same activity/location 
as the reference (manual labelling). The increase in specificity indicates an 
increase of the rate of true negative detected. In other words, the manual labelling 
and the CowView system can both detect if a behaviour is not occurring.
The increase in PV+ (Predictive value for a positive result) indicates the 
increased probability that the CowView detects a behaviour that the cow is 
actually performing.
The increase in Predictive value for a negative result (PV-) indicates the increased 
probability that CowView does not detect behaviour that cow is actually not 
performing. 

Figure2. Comparison between the sensitivity, specificity, PV+, PV- and the 
accuracy of the activity of STANDING detected with the CowView system on 
the two data sets.

Figure3. Comparison between the sensitivity, specificity, PV+, PV- and the 
accuracy of the activity WALKING detected with the CowView system on the 
two data sets.
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Figure4. Comparison between the sensitivity, specificity, PV+, PV- and the accuracy 
of the activity IN BED detected with the CowView system on the two data sets.

Figure5. Comparison between the sensitivity, specificity, PV+, PV- and the accuracy 
of the activity FEEDING detected with the CowView system on the two data sets.

Figure6. Comparison between the sensitivity, specificity, PV+, PV- and the accuracy 
of the location ALLEY detected with the CowView system on the two data sets.
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Figure7. Comparison between the sensitivity, specificity, PV+, PV- and the accuracy 
of the location CUBICLES detected with the CowView system on the two data sets.

Figure8. Comparison between the sensitivity, specificity, PV+, PV- and the accuracy 
of the location THROUGH detected with the CowView system on the two data sets.

Conclusions

The results of this comparison study showed that the CowView automatic monitoring 
system is able to identify activity zone classification (ALLEY, THROUGH, 
CUBICLES) with higher reliability compared to the zone –related activities 
performed by dairy cows.
The preliminary results obtained are overall very encouraging even if the accuracy 
does not reach the 100%.
Anyway, the software is an innovative solution and an extremely valuable tool for 
the management of large herds of dairy cattle.
Further design optimisations of the CowView installation and relative validation will 
be necessary if the accuracy and the reliability of the system must be improved.
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Abstract

The study of grazing behaviour may improve the understanding and utilization 
of the vegetation on offer and may enable an improved management to enhance 
animal performance. The objective of this study was to validate the recordings 
of a tri-axial accelerometer with respect to visual observations of grazing and 
ruminating time of dairy cows. Seven lactating Holstein cows with a mean body 
weight of 602 kg were used for the study. Grazing and ruminating time were 
recorded using electronic data loggers that were attached to the lateral-medial 
side of the jaw using a strap attached to the head of each cow in a position such 
that the X-axis was parallel to the ground, the Y-axis was perpendicular to the 
ground pointing upward, and the Z-axis was parallel to the ground pointing 
away from the sagittal plane. Acceleration m/s2) readings in the X-axis >4.17 
and <7.6 indicated grazing activity whereas readings in the Z-axis >-0.49 and 
<0.98 indicated chewing activity. The degree of vertical tilt (° Y-axis) was used 
to determine ruminating (readings >0° and <18°) and grazing position (readings 
>29° and <57°). The results showed that intake of dry matter per cow was low 
during the recording days (RD); especially at RD1, RD4 and RD6, in general cows 
showed low grazing activity during the recording bouts. Significant (P≤ 0.01) 
linear relationship between visual observations of grazing time and ruminating 
time against accelerometer readings were observed, this relationships explained 
72% and 53% of the variability in the data, respectively. Therefore we conclude 
that accelerometer could be implemented for monitoring grazing and ruminating 
time of dairy cows specially where accessibility is limited, however further 
research should be carried out in order to improve the accuracy and precision of 
the estimated values. 

Keywords: grazing, ruminating, tri-axial accelerometer, validation  
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Introduction

The maximization of farm profit is a common goal of dairy farming systems all 
over the world and dairy systems in Mexico must improve the efficiency of all on-
farm resources if they want to be competitive in national and international markets. 
Grazing is reported to be the cheapest feed source of nutrients available for dairy 
cows and it is a fundamental component of the dairy cow diet for the majority 
of the dairy systems in the world (Peyraud & Delagarde, 2013). In small-scale 
dairy systems of central México, cultivated pastures are used either in cut-and-
carry systems or in continuous grazing systems and it is well known that sward 
characteristics have a major influence on the ingestive behaviour of cattle. 

Among pastures, there are large differences between the quantity and the quality 
of the leaf, and the nutritive value of the herbage changes from top to base, so this 
may influence the behaviour of grazing cows. According to Moreau et al. (2009), 
studies of grazing behaviour may improve the understanding of how the animals 
take advantage of the vegetation on offer and may enable improved management to 
enhance animal performance, such as reproduction and lactation. The development 
of powerful electronic devices that allows higher sensitivity and larger storage 
capacity opens up new prospects for studying animal behaviour; such devices 
facilitate behaviour studies were access to visual observations is difficult.   

To evaluate intake behaviour, several studies have been set up for measuring grazing 
time and ruminating time by using behaviour recorders (Aikman et al., 2008). 
However until now, there is no significant research in Mexico that investigates 
grazing behaviour of dairy cows neither visually nor by using behaviour recorders. 
Therefore, the objective of this study was to validate the recordings of a tri-
axial accelerometer (pendant) with respect to visual observations of grazing and 
ruminating time of dairy cows.

Material and Methods

The study was carried out in the Central highlands of Mexico (19° 24’ 52”N and 
99° 41’ 20”W), at an altitude of 2,600 m. The climate is temperate sub-humid 
dominated by summer-autumn (June to October) rainfalls. The annual rainfall and 
mean annual temperature is 750-990mm and 13.5 °C with a range of -5 to 25 °C, 
respectively.

Pasture measurements  

Grass measurements were carried out in a ryegrass-white clover (RW) pasture from 
01 to 30 July 2014. Thirty individual samples per hectare were collected from the 
RW pasture at the beginning of the study and the sward composition was: Lolium 
perene (53%), Trifolium repens (29%), Pennisetum clandestinum (9%), Festuca 
arundinacea (7%) and weeds (2%).
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Availability of dry-matter and sward height

Grass samples were collected using a quadrant of 0.25 m2, which was thrown 30 
times on the pasture following a “W” pattern; all standing plants within the quadrant 
were cut above ground level with shears and then the material was weighed, placed 
into plastic bags, labelled and then taken to the laboratory. In the laboratory, the 
weight was recorded after drying the samples at 60 °C until a constant weight was 
achieved. 

In order to measure the sward height (SH) at pregraizing and postgrazing, six sampling 
days were established at days 02, 03, 04, 22, 23, 24 of July 2014. Linear regression 
equations were obtained by plotting the SH using a racing plate meter (RPM) within 
a 0.25 m2 quadrant and the dry matter (DM) harvested from the quadrants. The DM 
values at harvest came out as g/0.25 m2 and then transformed to kg/ha. Additionally, 
300 SH measurements of the pasture were taken in the sampling days, the average 
SH was used in the regression equation in order to estimate the available DM of 
pasture at pregrazing and postgrazing (Dobos et al., 2009).

Animals and management 

Seven multiparous and lactating Holstein cows were used for the study (602±45 kg 
live weight). The cows were in a continuous grazing system during 12 hours, starting 
at 7:00 and finishing at 19:00 hours; after grazing, the cows were housed during 12 
hours overnight and fed with 14.6 kg DM as a totally mixed ration (maize grain, 
soybean, rapeseed, wheat bran, soybean oil, oat straw, maize silage and mineral salt). 

Visual observations of grazing and ruminating time and validation of data loggers

Three observers were trained prior to the study in order to standardize recordings of 
grazing time and ruminating time. Throughout the evaluation period, the observers 
carried out three visual observations bouts of 30 minutes/cow per day in the morning, 
at noon and afternoon during six successive recording days (RD), giving a total of 
108 visual observations; then a data base was created in Microsoft Excel with the 
visual observations registered (n=108) during the RD and these were tested against 
readings obtained with the data loggers.

Readings of grazing and ruminating time obtained with data loggers 

Grazing time was recorded using electronic data loggers (HOBO Pendant G 
Acceleration Data Logger, Onset Computer Corporation, Pocasset, MA) that were 
attached consistently to the lateral-medial side of the jaw using a strap attached to 
the head of each cow (Figure 1) in a position such that the X-axis was parallel to the 
ground, the Y-axis was perpendicular to the ground pointing upward, and the Z-axis 
was parallel to the ground pointing away from the sagittal plane. The loggers were 
attached consistently over the evaluation periods and the strap fastened to the same 
degree every day.        
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Figure 1. Data loggers attached to the head

The data loggers were removed from the cows at day 7 only for downloading 
the data using Onset HOBOware software (Onset Computer Corporation), which 
converted the g-force into acceleration (m/s2) readings. Acceleration readings 
in the X-axis >4.17 and <7.6 indicated grazing activity whereas readings in 
the Z-axis >-0.49 and <0.98 indicated chewing activity. Additionally, the data 
loggers recorded degrees of tilt on the X, Y, and Z-axes. After that, these data 
were exported into Microsoft Excel (Microsoft Corporation, Redmond, WA), 
and the degree of vertical tilt (° Y-axis) was used to determine the ruminating and 
grazing activity of the animal, such that readings >0° and <18° indicated the cow 
was head-up ruminating, whereas readings >29° and <57° indicated the cow was 
head-down in grazing position. These acceleration values were obtained from 
108 visual observations carried out during six successive days and contrasted 
with recordings of data loggers. 

Comparisons between grazing and ruminating time and statistical analysis

The loggers recorded the acceleration (m/s2) and tilt on the X, Y, and Z-axes, 
therefore the evaluations of grazing time were; a) visual observations, b) 
acceleration in X-axis, c) acceleration in X-axis and tilt in Y-axis. The evaluations 
of ruminating time were; a) visual observations, b) acceleration in Z-axis and 
c) tilt in Y-axis, any other combination of axes did not improved the accuracy 
and precision of estimations (data not shown). Mean values of the grazing and 
ruminating time were analysed as a randomized block design, due to factors like 
variations in temperature and humidity can affect the grazing behaviour therefore 
recording days were used as blocking factors. The general linear model was: Yijk 
= μ + Ti+ Wj+ eijk; where μ = the overall mean; Ti = the recording method (i = 1 
to 3); Wj = the recording day (j =1 to 6); and eijk = the residual error term. Linear 
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regression was used for evaluating the relationship between visual observations, 
grazing and ruminating time. The general lineal model command, correlation 
analysis, quartile method and linear regression are implemented in MINITAB® 
Release 14.1 (2003). Bland-Altman plot is implemented in MedCalc Statistical 
Software trial version 15.4 (MedCalc Software bvba, Ostend, Belgium; https://
www.medcalc.org; 2015).

Results and Discussion

Table 1 shows the SH, availability of DM at pregrazing and postgrazing and the 
average dry matter intake (DMI) per cow per day in the course of six recording 
days (RD). It was observed that DM intake per cow was low; especially at RD1, 
RD4 and RD6. This could be explained by two effects; a) the amount of DM 
offered as a total mixed ratio during housing of cows led to low herbage DMI and 
grazing time and b) sward height of ryegrass-white clover pasture in the range 
of 3 – 6 cm height led to low DM intake per cow; however lower SH promotes 
higher tiller density, metabolisable energy outputs and higher stocking rates 
(Pulido & Leaver, 2001) and increased SH led to increase herbage DMI at RD3 
and RD5. No significant (P≥ 0.05) correlation was observed between grazing or 
ruminating time and SH. 

Table 1. Sward height (cm), pregrazing and postgrazing DM (kg) and intake (kg 
DM /cow/day) 

RD1 RD2 RD3 RD4 RD5 RD6

Pregrazing SH 5.3±1.3 7.2±1.9 8.3±2.9 6.0± 1.4 6.7± 2.7 5.2± 1.5

Postgrazing SH 4.8± 1.9 4.9± 1.6 5.3± 1.7 5.2± 1.5 5.0± 1.6 4.5± 1.4

Pregrazing DM 14± 3.4 19± 5.1 22± 7.7 35± 8.2 39± 15.5 30± 8.5

Postgrazing DM 12± 4.9 13± 4.3 14± 4.5 30± 8.5 29± 9.0 26± 8.1

DMI  0.33 1.0 1.33 0.83 1.6 0.66

 RD: recording days; SH: sward height; DMI: dry matter intake; (±); standard 
deviation.

Figure 2 presents a Bland-Altman plot to compare visually observed versus 
measured grazing and ruminating data. The bias is computed as the value determined 
by visual observation method minus the value determined by the data loggers; as 
it is shown, the mean black line is slightly different to zero, this indicates that 
the two assay methods (visual observations and data loggers) are systematically 
producing slightly different recordings for grazing and ruminating activities.
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Figure 2. Bland-Altman plot (n=108) for visual observations, acceleration and tilt 
on the X, Y, and Z-axes. VO-GRAZ: visual observations during grazing; Accel X: 
acceleration X-axis; VO-RUM: visual observations during rumination; Accel Z: 
acceleration Z-axis; Tilt Y: tilt Y-axis. During ruminating, standing or laying bouts of 
<30 seconds were omitted because these readings were likely associated with head 
movements at the time of recording, on the other hand during grazing bouts of <30 
seconds were taken into account as grazing activity. 

Table 2 shows a statistical comparison between readings obtained from visual 
observations and data loggers. There were significant differences (P≤ 0.01) among 
treatments and RD. In general cows showed low grazing activity during the recording 
bouts, particularly at RD4, in this logic, readings of the X-axis were significantly (P≤ 
0.01) different to the visual observations in RD1, RD2, RD3, RD4, while readings of 
acceleration (X-axis) and tilt (Y-axis) were different in RD3, RD5 and RD6. 
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Table 2. Average readings of grazing time obtained with visual observations and data 
loggers 

Readings RD1 RD2 RD3 RD4 RD5 RD6
seconds

Visual observation 510 aA 177 bB 382 aA 11 cC 481 aA 371 aA

Acceleration (X-axis) 742 bA 366 aA 258 bA 108 bC 558 aB 402 aA

Acceleration (X-axis) 
and tilt (Y-axis) 462 aA 300 bA 228 bA 84 cB 294 bA 282 bA

SEM 76 46 66 21 108 105
Recording method ** ** ** ** ** **
Recording day *** *** *** *** *** ***

SEM: standard error of the mean; **: P≤ 0.01; ***: P≤ 0.001. Different lower-
case superscripts among rows were statistically different. Different upper-case 
superscripts among columns were statistically different.

Figure 3 illustrates a significant (P≤ 0.01) relationship between visual observations of 
grazing time and accelerometer readings (X-axis and tilt of Y-axis), this relationship 
explained 72% of the variability in the data. It is observed that grazing time was 
underestimated after 235 seconds, being significantly (P≤ 0.001) different at RD5 
and RD6.

R² = 0.7264
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Figure 3. Relationship between visual observations of grazing time and readings 
of data loggers. Solid black line: X=Y; Dot black line: linear fit between visual 
observations of grazing time against data logger readings; Circles: visual observations.
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Table 3 shows the average readings of ruminating time obtained with visual 
observations and data loggers. There were significant differences (P≤ 0.01) among 
treatments and RD as expected. Contrary to grazing time (Table 2), cows showed 
higher ruminating activity, particularly at RD4 and RD5. In terms of recording 
method, acceleration readings of the Z-axis were significantly (P≤ 0.01) different to 
the visual observations in RD2, RD4, RD5 and RD6, while readings of tilt (Y-axis) 
were different only at RD2 and RD3, indicating that Z-axis had lower ability for 
predicting ruminating time. 

Table 3. Average readings of ruminating time obtained with visual observations and 
data loggers 

Readings RD 1 RD 2 RD3 RD4 RD5 RD6
seconds

Visual observation 336 aA 198 aA 771 aA 905 bB 1015 bB 780 aA

Acceleration (Z-axis) 414 aA 588 bA 618 aA 264 aB 216 aB 138 bB

Tilt (Y-axis) 564 aA 864 bA 1032 bB 1072 bB 1020 bB 998 aB

SEM 118 119 118 141 159 147
Recording method ** ** ** ** ** **
Recording day NS NS NS * * NS

SEM: standard error of the mean; **: P≤ 0.01. Different lower-case superscripts 
among rows were statistically different. Different upper-case superscripts among 
columns were statistically different.
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Figure 4 illustrates the significant (P≤ 0.01) relationship between visual observations 
of ruminating time and readings of tilt (Y-axis), this relationship explained 53% of the 
variability in the data. It is observed that by using the tilt readings of the accelerometer, 
ruminating time was overestimated up to 1000 second and underestimated up to 
1800 second, being significantly (P≤ 0.01) different in RD2 and RD3 (Table 3). 

Figure 4. Relationship between visual observations of ruminating time and 
readings of data loggers. Solid black line: X=Y; Dot black line: visual observations 
of ruminating time against data logger readings; Circles: visual observations. 

According to Tedeschi (2006), accuracy and precision are two key concepts for 
evaluating the relationship of a model (observed against predicted); accuracy 
measures how closely model-estimated values are to the true values and precision 
measures how closely individual model predicted values are within each other. In 
this way, Figure 2 and 3 showed that data logger readings are accurate since they 
are consistently distributed along regression line but they are slightly imprecise 
since the linear regression line is either under or over the X=Y line. 

Conclusions

The results showed that validation of the tri-axial accelerometer with respect 
to visual observations of grazing time of dairy cows was successful. The data 
loggers showed a poor performance for estimating rumination time. Therefore, 
further research must be conducted in order to improve the accuracy and moreover 
precision of estimated values for grazing and ruminating time.
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Abstract

Biological rhythms are essential for life. There is evidence that the circadian rhythm of 
activity is disrupted under chronic stress. It may also be less marked during diseases. 
We investigated if we could detect a circadian rhythm of activity of dairy cows in 
commercial settings using a real-time positioning system. We used the CowView 
(GEA Farm Technologies) to detect regularly the individual positions of 350 cows in 
a Danish dairy farm for five months, and to infer the cows’ activity (resting, feeding, 
standing, and walking) from their position and their movements. We ran a factorial 
analysis of correspondences of the cows’ activities and used the 1st component of this 
analysis to express the variations in activity. On this axis, the four activities obtained 
the following weights: resting, -.19; standing, +0.12; walking, +.26; and feeding, 
+.29. Applying these weights to the proportions of time each cow spent on each of 
the four activities, we could describe a circadian rhythm of activity. We noticed that 
the average level of activity of a cow on a given day and its variations during that 
day varied with specific states: heat, lameness, disease. This offers the possibility to 
design models to predict physiological or pathological states of cows from real time 
positioning.

Introduction

Biological rhythms are essential for life. While diurnal animals are more active during 
the day, nocturnal ones are more active at night. This pattern is species specific. There 
is evidence that the circadian rhythm of activity is disrupted under chronic stress. For 
instance, in rodents (nocturnal species), more activity is observed during the dark 
period and less during daylight when animals are submitted to a repeated stressors 
or inescapable electrical shocks (Stewart et al 1990, Solberg et al 1999).  We also 
noticed in cattle that the circadian variations of activity were less marked two days 
before the occurrence of symptoms of pneumonia (Veissier et al 1989). These latter 
results were obtained by serendipity, during an experiment on the stabilisation of 
activity rhythms after the animals were turned from pasture to indoor conditions and 
during which an outbreak of pneumonia occurred in the course of the observations. 
These results had never been confirmed, since they require heavy observations. 
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 We investigated if we could detect a circadian rhythm of activity of dairy cows in 
commercial settings using a real-time positioning system and if this rhythm depends 
on the state of the animal.

Material and methods

During the EU-PLF project (http://www.eu-plf.eu/), INRA and GEA Farm 
Technologies collaborate to run field tests using the GEA CowView system (http://
www.gea-farmtechnologies.com/hq/en/mediacenter/news/2012/dlgcowview.aspx). 
The CowView is based on real time positioning of animals, with a precision of 50 
cm. The position of the cow is allocated to  the different zone structures in the barn 
(cubicles, feeders, corridors…). The activity of a cow is inferred from its allocation 
and its movements to:

- the cow is considered to be resting if it is found in a cubicle,

- the cow is supposed to be feeding if it is classified within the feed bunk zone,

- the cow is supposed to be standing in the alley way if it does not move in the 
alley zone,

- the cow is assumed to be walking in the alley way if it moves in the alley 
zone.

The data from the 350 cows from a commercial farm based in Denmark were collected 
for five months. They consisted of hourly accumulated activities as determined by the 
CowView system and all events recorded by the farmer (interventions on the herd, 
oestrus, lameness, mastitis, accident, calving, respiratory problem, diarrhoea,…).

To determine activity levels and their variations during the day, we needed to 
attribute a weight to each of the four activities distinguished. Those weights were  
calculated according to the method proposed by Veissier et al. (Veissier et al 2001).  
The weights were  obtained from a factorial analysis of correspondences. On the 
first axis of the analysis, the four activities obtained the following weights: resting, 
-.19; standing, +0.12; walking, +.26; and feeding, +.29. This axis was considered to 
express the level of activity. For each cow, we then calculated its level of activity per 
day and per hour within each day and the size of circadian variations (the sum of the 
squares of the deviation of each hour from the average of the day). 

Finally, we ran a variance analysis  to relate the average activity level of a cow on 
a given day and its circadian variations to the events recorded by the farmer (Proc 
Mixed procedure of SAS for repeated measurements).
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Results

The cows were active from 08:00 to 21:00, with two peaks of activity, one in the 
morning and one in the afternoon. The activity was minimal at night (Figure 1). 

We divided events recorded on the farm in five categories: control days, oestrus, 
lameness, infectious disease, and interventions that may affect cows’ behaviour such 
as vaccination, claw trimming… (the data from the days with an intervention were 
discarded from the analyses). We observed a higher activity in case of oestrus and 
infectious diseases. The circadian variations were less marked in case of infectious 
diseases. They were slightly less marked in case of oestrus and lameness (Table 1).

Figure 1: Diurnal variations of activity-level in 350 cows in a Danish dairy herd 
observed for five months.

Table 1: Average activity level and circadian variations in activity level in the 350 
cows from a Danish dairy herd observed for five months.

Control 
days Oestrus Lameness Infectious 

diseases SEM F P

Activity 
level -0.285 a* 0.90 b -0.17 a 1.73 c 0.107 249 <0.0001

Circadian 
variations 2.83 c 2.67 b 2.63 b 2.32 a 0.05 54 <0.0001

*on each row values with no common letter differ significantly

 

 Hour  of  the  day 
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Discussion

From the results obtained in this study it seems possible to distinguish the state of 
a cow: a diseased cow seems to be more active (at least at the very beginning of a 
disease) but its activity is less variable during the day. The same is observed for a 
cow in oestrus but to a lesser extent. Finally a lame cow seems to have a less variable 
activity during the day. If these results are confirmed in other settings, they offer the 
possibility to design models to predict physiological or pathological states of cows 
from real time positioning.
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Abstract

The aim of this research was to develop and test an ultra-high frequency radio frequency 
identification (UHF-RFID) system containing specially developed in-house UHF 
transponder ear tags for cattle, UHF readers and data evaluation software. Two types 
of UHF transponder (B3-4 vs. B4-4) were developed and incorporated into a cattle 
ear tag. The left ear of 16 young heifers was tagged with these UHF transponder ear 
tags (eight of each type) to test the system under practical conditions. The tests were 
carried out in the stall and on pasture land by driving the cattle repeatedly through 
a gate equipped with two readers with different orientations (sideways vs. from 
above) and power levels (0.5 W vs. 1.0 W). It was observed that the average reading 
rates in the stall (ø 77%) were higher than on pasture land (ø 66%). Furthermore, 
the reader orientation from above achieved better reading rates than the orientation 
from the side. Differences between the power levels (0.5 watt vs. 1.0 watt) were 
also identified, with higher reading rates at a power level of 1.0 watt. The highest 
reading rate was achieved with transponder type B4-4 in the stall with a power level 
of 1.0 watt and a reader orientation ‘from above’ (99%). Moreover, the individual 
animal greatly influenced the data. Without reference to the individual experiments, 
the reading rates for single ear tags differed between ~11 and 97%. The upcoming 
research will focus on improving the entire UHF-RFID system, which will also be 
used in the medium term on a larger number of animals of different categories.

Keywords: ultra-high frequency radio frequency identification, transponder ear tag, 
simultaneous reading, cattle

Introduction

Due to increased herd sizes, electronic animal identification has gained a solid position 
in modern animal husbandry, not only in terms of animal and meat traceability, but 
also with regard to improving farm management overall (Artmann, 1999). 
Radio waves (radio-frequency identification, RFID) are particularly suitable for 
individual electronic identification of animals. In addition to the standard low 
frequency band (LF, 120-135 kHz), high frequency (HF, 13.56 MHz) and ultra-high 
frequency (UHF, 868 MHz, 915 MHz) bands are a potential option for use in animal 
husbandry. Further research must be carried out to adapt a higher frequency band for 
use in animal husbandry because of the different characteristics of these systems. 
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Many authors have tested HF and UHF systems for individual animal identification 
in research conditions (Adrion et al., 2014; Hammer et al., 2015; Hessel & Van den 
Weghe, 2013; Hogewerf et al., 2013; Maselyne et al., 2014; Reiners et al., 2009; 
Stekeler et al., 2011; Umstatter et al., 2014). Compared to LF and HF systems, 
UHF RFID offers the advantages of a higher read range, the possibility of quasi-
simultaneous reading (anti-collision systems) and a higher data transfer rate (Chawla 
& Ha, 2007). The latter system achieves a read range of more than 3.0 metres with 
passive transponders (Baadsgaard, 2012; Finkenzeller, 2012; Ruiz-Garcia and 
Lunadei, 2011). This makes UHF systems highly suitable for animal production 
systems with applications such as simultaneous detection of bigger animal groups and 
the possibility of greater distances between reader and animal. Although UHF systems 
were, until recently, considered unsuitable for animal identification because of the 
high water absorption potential in the UHF band, there have been developments in 
terms of performance and robustness which have partly solved some of the problems 
(Catarinucci et al., 2012; Finkenzeller, 2012; Stekeler et al., 2011). Passive systems 
are most commonly used in animal husbandry because of their size and cost. In cattle 
husbandry, a transponder attached to an ear tag is a sensible option. There is no risk 
of ingrowth (compared to a collar), it is quickly removed from the carcass on the 
slaughter line (unlike an encapsulation for implantation), is easy to handle and the 
costs are low (Caja et al., 2005; Merks and Lambooij, 1990). Because of the existing 
legal regulations relating to cattle identification in the European Union, it seems 
obvious that the transponder should be attached to an ear tag. These regulations are 
currently based on a visual ear tag, but replacement of the visual ear tag with an 
electronic ear tag is already permitted for cattle (EC, 2000). 
In this study, two different flexible UHF transponder ear tags developed in-house 
were tested on cattle. These two types were selected and declared to be suitable 
for use in cattle husbandry on the basis of the results of laboratory tests (Adrion 
et al., 2014; Hammer et al., 2014, 2015). Various cattle driving experiments were 
carried out to test these transponder ear tags under practical conditions and evaluate 
their suitability for simultaneous detection. The influence of the reader environment 
(stall vs. pasture land), reader orientation (sideways vs. from above) and reader 
performance (0.5 W vs. 1.0 W) were studied in the driving experiments. 

Materials and methods

Animals, equipment and experimental design
The experiment was conducted at the Agricultural Sciences Experimental Station 
of the University of Hohenheim from June to October 2014. Fifteen heifers of the 
Holstein-Frisian breed and two heifers of the Jersey breed were used. They weighed 
between 183 and 370 kg (including the two Jerseys). Two different UHF transponders 
(B3-4, B4-4) were tested and incorporated into a cattle ear tag (Primaflex®, Caisley 
International GmbH, Bocholt). The transponder types differed in terms of their 
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antenna length, which gave the transponders a different resonance frequency (cf. 
Adrion et al., 2014; Hammer et al., 2015). A more detailed description cannot be 
given here because the transponder design might be subject to patent protection. 
Figure 1 shows the dimensions of the ear tag and the position on the heifer’s ear. The 
transponder was incorporated into the female part of the ear tag and, thus, placed on 
the inner side of the heifer’s ear. 
The heifers were driven through a gate with two UHF readers (Deister Electronics 
GmbH, Barsinghausen) to test the suitability of the transponder ear tags for 
simultaneous detection. These readers had an operating frequency of 868 MHz (EU) 
and circular polarized radiation (opening angle 90°). An auto-tune function adjusted 
the reader to its environment. A maximum effective radiated power (ERP) of 1.0 
W was possible with this reader (antenna gain included). A reader setting called 
“triggered read” was used for these experiments. In this case, the antenna field stayed 
active throughout the experimental period. The transponder reset time (reset of the 
inventoried flag in the anti-collision procedure) was set at 100 ms. 

Figure. 1: Dimensions of the Primaflex® ear tag (left), heifer with UHF transponder 
ear tag in the left ear (centre) and close-up shot of a heifer’s ear with UHF transponder 
ear tag (right)

Two different reader orientations were tested at each location. Using the reader 
orientation ‘sideways’, one reader was located on the left side of the gate (clockwise 
direction of movement) , while the other was placed on the right side. When the 
animals passed the gate, the right reader operated from the front towards the heifer’s 
head and the left reader operated from behind towards the back of the head. The 
inclination angle of both readers was 30° (Fig. 2). For the reader orientation ‘from 
above’, both readers were installed horizontally and radiated towards the heifer’s 
head from above. The inclination angle here was 90° (Fig. 2). 
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Figure. 2: Experimental design of the stall (left) and pasture land (centre) experiment; 
reader orientation ‘from above’ and ‘sideways’ (right) used in both experimental 
deigns

Each cow was tagged with a UHF transponder ear tag in the left ear at the beginning 
of the experiments. The electronic product code (EPC) of the transponder was linked 
to the individual number of the visual ear tag, and the heifer’s name, height and 
weight via the custom-built configuration software program (Phenobyte GmbH und 
Co. KG, Ludwigsburg). The UHF ear tag was inspected for correct functioning at the 
beginning of each test day.
The cattle were driven through the gate for ten rounds per repetition to test the 
influence of the parameters mentioned above. The test data were stored in a database 
(Phenobyte GmbH und Co. KG, Ludwigsburg). Table 1 gives an overview of the 
experimental design. 

Table. 1: Overview of the experimental design

Test Environment Reader 
orientation

Reader 
performance [W]

Repetitions 
(rounds)

1 Stall Sideways 1.0 10 (100)
2 Stall Sideways 0.5 10 (100)
3 Stall From above 1.0 10 (100)
4 Stall From above 0.5 10 (100)
5 Pasture land Sideways 1.0 10 (100)
6 Pasture land Sideways 0.5 10 (100)
7 Pasture land From above 1.0 10 (100)
8 Pasture land From above 0.5 10 (100)
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Data preparation
Two parameters were used to evaluate the capability of the different types of 
transponder. The number of readings achieved by each transponder type exemplar 
was recorded for each round. These values were used for graphical data analysis 
(box plots). An ‘average number of readings per round’ for each transponder type 
was then derived (Eq. (1)).

              (1)

The reading rate of each transponder exemplar was also calculated. Therefore, 
the number of rounds detected for a transponder exemplar per repetition was 
divided by the total number of rounds per repetition (10) and multiplied by 100 
(Eq. (2)).

             (2)

Again, an average of all transponder type exemplars was derived for the ‘reading 
rates’ in order to evaluate a transponder type in general. The reading rate is the 
decisive factor for application in practice. A reading rate of 100% should always 
be the aim for practical use of the transponder ear tags.

Results and discussion

The results for the transponder types (B3-4 and B4-4), reader performance 
(0.5 W vs. 1.0 W) and reader orientation (sideways vs. from above) in the stall 
are shown in Figure 3. It was observed that the ‘average number of readings 
per round’ depending on the test settings was generally higher for B4-4. An 
‘average reading rate’ of 85.5% was calculated for B4-4, which was about 17.0% 
better than B3-4 throughout the stall experiment. More readings were achieved 
with a reader performance of 1.0 W, regardless of the reader orientation and 
transponder type. Furthermore, it was found that the reader orientation ‘from 
above’ was more suitable for reading the transponders used in this setup. For the 
whole stall experiment the reader orientation ‘from above’ achieved a mean of 
18.4 readings per round, while the orientation ‘sideways’ achieved on average ~ 
5 fewer readings (13.3).
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Figure. 3: Differences in the ‘number of readings per round’ for different reader 
performance (1.0 W vs. 0.5 W) and reader orientation (sideways vs. above) based on 
two cattle transponder types (B3-4 and B4-4) in a stall environment; n: number of 
transponder exemplars; 10 repetitions (10 rounds each) per experimental setup

In conclusion, it was found that the reader orientation ‘from above’ with a reader 
performance of 1.0 W and the transponder type B4-4 rendered the highest ‘average 
number of readings per round’ and the highest ‘average reading rate’ (99%). Similar 
results could be confirmed in the pasture land experiment shown in Figure 4. 
However, overall, the ‘average number of readings per round’ and the ‘reading rates’ 
of the pasture land experiment were lower than the number of readings and reading 
rates achieved in the stall experiment.
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Figure. 4: Differences in the ‘number of readings per round’ for different reader 
performance (1.0 W vs. 0.5 W) and reader orientation (sideways vs. above) based 
on two cattle transponder types (B3-4 and B4-4) on pasture land; n: number of 
transponder exemplars; 10 repetitions (10 rounds each) per experimental setup

Transponder type B4-4 achieved a higher ‘average number of readings per round’ and 
a higher ‘average reading rate’ (B4-4: 71.4%; B3-4: 60.7%) over all the experimental 
days. Again, more readings were achieved with a reader performance of 1.0 W and 
the reader orientation ‘from above’ also gave better results. Once again, the reader 
orientation ‘from above’ with a performance of 1.0 W and the transponder type B4-4 
rendered the highest ‘average reading rate’ with 88.9%. No losses of or damage 
to transponder ear tags were observed in either experiment. An ‘average reading 
rate’ of 99% in the stall experiment can be considered as very good compared with 
experiments conducted by other authors and almost meets the requirements for use 
in practice. 
Cooke et al. (2010) achieved reading rates between 75 and 100% in driving experiments 
with deer and between 94 and 100% with sheep, depending on the type of reader, the 
reader’s position and race width. They also tested flexible UHF transponder ear tags 
with cattle, but only obtained a reading rate of 72% at a race width of 2.6 metres. 
However, it should be noted that these experiments were carried out outside with 
a running track constructed from wood. The average reading rates obtained in this 
experiment are better compared with the reading rate obtained from the pasture 
land experiment (88% in the best test setup). The higher reading rates from the stall 
experiment can be explained by reflections. In a stall environment, electromagnetic 
radiation is reflected by the metallic surface of the barn equipment. This increases the 
likelihood of obtaining a reading from one of the two readers. Almost no reflections 
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are present on pasture land, so reader-transponder communication has to work in 
a direct way. If organic material (such as a cow’s head) absorbs electromagnetic 
radiation, the possibility of obtaining a reliable reading decreases. This circumstance 
is also probably the reason why a higher reading rate is obtained with the reader 
orientation ‘from above’. Here, the ear tag is less likely to be covered by organic 
material (such as the nose or back of the animal’s head) and can be read more 
reliably. Additionally, with an opening angle of 90°, the distance from the reader to 
the transponder ear tag is, on average, shorter with this reader orientation. The reader 
therefore has more radiative power available to send a response signal.
Furthermore, it is clear that the reading rates of the individual transponder type 
exemplars differ greatly. Table 2 shows the ‘average reading rates’ of the single 
exemplars of the transponder types. 

Table. 2: Difference in the ‘average reading rates’ of the exemplars of transponder 
type B3-4 for the stall and pasture land experiment for 11 test days

Type B3-4

Exemplar 14 17 26 30 34 38 43 44

Ø Stall 69.3 12.0 30.5 96.5 89.3 58.0 98.5 93.5

Ø Pasture land 53.3 9.5 24.5 85.5 91.3 42.3 94.5 84.5
Ø Exemplar 61.3 10.8 27.5 91.0 90.3 50.1 96.5 89.0

Type B4-4

Exemplar 36 40 41 43 48 49 52 54

Ø Stall 80.50 68.50 72.50 84.75 85.50 97.00 95.25 99.75

Ø Pasture land 73.25 55.25 62.25 72.75 53.00 73.25 86.75 95.00
Ø Exemplar 76.88 61.88 67.38 78.75 69.25 85.13 91.00 97.38

These differences could be explained by the problem of absorption by tissue 
mentioned above. Because of previous test bench results, differences between 
transponder exemplars can be excluded here. Heifers running in the middle of the 
herd, the position of the head when passing the gate and the thickness or shape of the 
ear could all be causes of a reduced reading rate. 

Unfortunately targeted video observation of individual animals with poor ‘average 
reading rates’ could not confirm any of these assumptions. However, in general, 
deliberate detuning of the resonance frequency of transponder type B4-4 seemed to 
work better in a cattle ear tag than detuning of transponder type B3-4.
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Conclusions

In general, it can be stated that simultaneous detection of cattle by a UHF system 
is possible. An ‘average reading rate’ of 99% was achieved with one of the two 
transponder types. A reader performance of 1.0 W and a reader orientation ‘from 
above’ were therefore used. Nevertheless, the influence of reflections was very clear 
in the stall experiment, resulting in a generally lower reading rate in the pasture land 
experiment. It is, furthermore, essential to reduce animal differences and to further 
adapt the transponder type to tissue in order to achieve more homogeneous results 
for one transponder type. Moreover, the experimental setup, such as gate width, 
reader orientation or reader height, could be further adjusted. 
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Abstract
 
Several indoor positioning systems for animal monitoring have been introduced 
during the past years. The systems have been shown to be quite accurate, but the 
measurements still contain unwanted noise. The aim of this study was to develop a 
filter to enhance the accuracy of data collected with the Ubisense UWB-based indoor 
positioning system.
The position and the posture of 32 cows were scan sampled continuously between 
morning and afternoon milking (5 – 6) hours on two days (total of ten scan rounds) 
yielding in total of 331 reference points. Observer marked the estimated position of 
the tag on the floor plan of the barn, time of the observation and the posture of the 
cow (lying down/standing).  Further, positioning data was collected from 25 cows 
during one week.
The data was used to develop a filter based on Extended Kalman Filter. In this 
case the exact movement model of the cow is impossible to formulate and an 
approximation is used. The state of the cow is represented using the three 
dimensional position ( ), direction ( ) and speed ( ) of the movement and 
corresponding time derivatives (  and ). The position is modeled as a motion 
according to the speed and the direction of the movement. The direction and the 
speed are modeled using modified Wiener process.
The results show that the filter and the proposed cow model itself works. The 
parameters could be further tuned in order to get smoother results. However, the 
tradeoff for smoother results is worse dynamic accuracy. For example sharp 
turnings would be filtered off. The noise model could be also developed such that 
the measurement noise level is different in different parts of the cattle house and 
different if the cow is lying down or eating.

Keywords: Indoor cow positioning, Filtering, Dairy

Introduction

Several indoor positioning systems for barn environment have been introduced to 
the market during past years. The systems are a promising tool in automated animal 
welfare monitoring and several systems been shown to have average accuracy of 
well below 1m. (Frondelius et al. 2014, Porto et al. 2014 ). 
The positioning system can potentially be used to analyze the behavior of the animals 
in order to detect conditions such as oestrus (Homer et al. 2013) or lameness or 
analyze the social interactions between animals. 
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The measurements from positioning systems still contain unwanted noise and 
the quality of the measurement data can be enhanced using filters. One well 
known algorithm that is suitable for real-time problems is the Kalman filter. It 
has previously been used to estimate the position of cows based on Bluetooth 
radios (Tøgersen et al. 2010)
We have worked on filtering positioning data measured with UWB-based indoor 
positioning system in a freestall barn. We introduce here an Extended Kalman 
Filter algorithm and software to estimate the position, speed and walking 
direction of a cow.

Measurement system
Ubisense real time location system (Ubisense, Germany) is based on Ultra Wide 
Band (UWB) radio signals. Animals are monitored by means of a collar-mounted 
tag (Ubisense Series 7000 Industrial tag) that transmits UWB pulses of extremely 
short duration and remote sensors (Ubisense Series 7000 IP Sensors) which enable 
location to be mapped by using Time-Difference-of-Arrival (TDoA) and Angle-of-
Arrival (AoA) techniques. Preliminary results of the validation of the system in the 
cow barn environment are presented in Frondelius et al. (2014).

Data collection
Cows were loose-housed in a curtain-wall barn with rubber-matted cubicles in two 
sections of 24 cows. Both sections have their own concentrate feeder and 12 Insentec 
Roughage Intake Control system (RIC) -feeders with barrier structures preventing 
stealing behavior (Ruuska et al. 2014). 
The tags were attached to the collar of the cows, so that the tag is positioned on the 
top of the neck (Figure 1).

Figure 1. Ubisense tag attached to the collar of the cow.

The position and the posture of 32 cows were scan sampled continuously between 
morning and afternoon milking (5 – 6) hours on two days (total of ten scan rounds) 
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yielding in total of 331 reference points. Observer marked the estimated position of the 
tag on the floor plan of the barn, time of the observation and the posture of the cow (lying 
down/standing). Only cows staying still at least for 10 s during the scan were included 
in the observation. Exact coordinates of the tag positions were collected afterwards 
from the bitmap of the barn on TrackLab software (Noldus, The Netherlands).

Software and data analysis
CowMap is a software environment for filtering, analyzing and visualizing cow position 
measurements. The CowMap is written in Python using PyQt4, Pandas and NumPy 
libraries. In Figure 2 is a screenshot of the program. The map of the cattle house and 
cows is in the main window. The results of the analyzing algorithms can be plotted on the 
map or on an external window. The state of the program can be saved and opened later 
on to study the filtering and analyzing results.
The graphical user interface is intended to be used for the development of the filters and 
analyzers and also for the examination of the results. Besides of the graphical interface, 
there is also scripting-system in which the program actions can be automated and for 
example scheduled to be run in nighttime.  
Currently, there is implemented Kalman-filter based filtering for the measurements. The 
filter also estimates the heading and the speed of the cow movement. The implemented 
analyzers are “Tail”, “Activity Map” and “Histogram”. The Tail shows the history of cow 
positions at the selected time. Activity Map produces a density map where the selected 
cow has been at most of the time in the selected time window. Histogram produces a 
histogram of selected state of the cow model in the selected time window.

Figure 2. The main window of the CowMap and time series plots of filtering and a 
histogram plot.
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Material and Methods

Currently implemented filter is based on Extended Kalman Filter. The Kalman Filter 
needs a mathematical model of the filtered system. In this case the exact movement 
model of the cow is impossible to formulate and an approximation is used. The state 
of the cow is represented using the three dimensional position ( ), direction ( ) 
and speed ( ) of the movement and corresponding time derivatives (  and ):

(1)

In the model, the position is modelled as a motion according to the speed and the 
direction of the movement. The direction and the speed are modelled using modified 
Wiener process. The damping factor  drives the rotational speed ( ) towards zero 
and the damping factors  and  drives the acceleration and speed towards zero 
respectively.  The continuous time model is hence:

(2)

The damping factors ( ,  and ) can be calculated from the fall times ( ,  
and ) where the corresponding state has decreased to the one tenth of the original 
value:

(3)

The cow position measurements are not synchronized and the time between 
consecutive measurements can vary between 0.8 seconds to several minutes. 
Therefore filtering must be implemented using variable step length and hence the 
discretization time ( ) is not constant. For simplification the speed ( ) and the 
direction ( ) are assumed to be constant, when position equations (  and ) are 
discretized using Euler forward method. For the speed and direction equations  
( , ,  and ) exact solution is found. Discrete time model is hence:
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(4)

where 

(5)

The Extended Kalman Filter also needs Jacobians of the discrete state transfer function 
( ) and the measurement function. The Jacobian of the state transfer function is:

(6)

The measurement function is already linear because only the position is measured 
directly. Hence the corresponding Jacobian is:

(7)

The resulting overall estimation model is: 

(8)
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In the experiments, noise covariance matrices were:

 (9)

The falling times of the damping factors were:

(10)

In the program, the cow position measurements are read from the data-file in the order 
they have arrived to the measurement computer. The estimation time can be run in real 
time, in fast motion or as fast as possible in batch mode. For every new measurement, 
the corresponding state estimation of the cow is updated and in real time estimation 
visualized. After the estimation step, connected analyzing algorithms are run.

Results and Discussion

Positioning accuracy was tested by manually recording tag positions. In Table 1 are 
listed eight position measurements of total 331 reference measurements together with 
calculated error. The error is approximately less than half a meter for all reference 
measurements. The accuracy of the reference measurement self is roughly the same.

Table 1. Filtered and hand measured tag positions.

time Filter Hand errorX Y X Y
12:50:05 15.79 13.81 15.6 14.1 0.39
13:12:50 15.76 13.67 15.6 14.1 0.42
13:50:40 14.73 13.82 15.6 13.9 0.83
14:23:45 15.81 13.81 15.6 13.9 0.19
15:46:15 15.87 13.67 15.6 14.0 0.42
16:35:30 10.74 19.9 10.3 19.7 0.44
17:08:30 10.8 19.47 10.9 19.7 0.23

The last experiment tests the dynamic accuracy of the filter. The tags were attached 
to neck collars of 25 cows and the positions were measured during one week. Figure 
3 shows filtered and raw measurements of one cow from a half an hour measurement. 
The blue crosses represent the raw measurements and red line represents the filtered 
path. At the line ending is the current position, heading and speed estimate visualized 
using an arrow. In Figure 4 is the speed estimate for the same time window. The 
filtering result could be further smoothened by modifying noise covariance matrices. 
However, it is always a tradeoff between accuracy and smoothness. 



Precision Livestock Farming ‘15136

Figure 3. Raw measurements (blue crosses) and filtered cow path (red line).

Figure 4. Speed estimate.

Conclusions

The results show that the filter and the proposed cow model itself works. The parameters 
could be further tuned in order to get smoother results. However, the tradeoff for 
smoother results is worse dynamic accuracy. For example sharp turnings would be 
filtered off. The noise model could be also developed such that the measurement 
noise level is different in different parts of the cattle house and different if the cow 
is lying down or eating. Better reference measurements, for example machine vision 
based continuous positioning, could be beneficial for further development.
There is not yet developed any real analyzing algorithm in the CowMap. Using 
the filtered states, it could be possible to notice changes in the cow behavior. For 
example if the speed profile during the day or the movement area changes compared 
to previous days, it could be used as an early warning system for health problems.
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Abstract

Animal welfare concepts support the rearing of free lactating sows with their piglets 
inside a pen. The aim of this study was to evaluate the welfare status of lactating sows 
grouped into two types of pen (individual cage inside a pen, and loose in a pen). The 
variable used to compare their welfare status was group vocalisations (sows+piglets) 
during the lactation stage. The group vocalisations (sows+piglets) were recorded in 
the geometric central pen area, and the sound wave and the spectrum were studied. 
Data were compared, and mean values of the sound peaks in both treatments were 
compared using the non-parametric Kruskal-Wallis test. No differences in the sound 
characteristics were found between the two housing forms tested, indicating that 
both housing systems present similar group behaviour (sows+piglets). However, 
there was a slight trend towards the presence of higher frequency peaks in individual 
cage rearing.

Keywords: sound analysis, signal processing, sows during lactation

Introduction

Assessment of animal welfare status is a difficult task, and there is a lack of efficient 
methods that enable it to be used in large-scale production. Understanding the degree 
of adaptability and compliance of the animal in relation to its rearing environment 
is still a challenge. The “Five Freedoms” proposed by the Farm Animal Welfare 
Council (FAWC) are usually used to ensure the animals’ well-being. This set of 
norms states that animals must be free from thirst, hunger and malnutrition, from 
discomfort, and from pain, injury and disease. There is a need to develop accurate 
tools to assess animal welfare.

Measuring animal vocalisations is an objective, non-invasive tool and has been 
studied by several authors as a means of determining well-being in pigs (Marx et al., 
2003; Moura et al., 2008). According to Schrader & Todt (1998), a stress response 
as an adrenaline release can be accompanied by changes in the rates of a particular 
vocalisation. Johnson et al., (1994) found an increased rate of vocalisation in pigs 
after they had received corticotropin injections. Increased vocalisation was found in 
piglets from sows treated with cortisol (Kranendonk, 2006). According to Marx et al. 
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(2003), energy emission parameters, frequency, and duration of calls are particularly 
suitable for characterising the type of call. Manteuffel & Schön (2002) studied the 
vocalisation of piglets during lactation and found that fights between piglets led to 
high-frequency sounds, associated with some level of stress.
The aim of this research was to identify the well-being status of lactating sows and 
piglets reared in two types of pen (individual cage inside a pen and loose in a pen). 
The vocalisation pattern of the group during suckling was compared.

Material and methods

The experiment was carried out in open-sided pig housing with an east-west 
orientation. It was 280 m long and 24 m wide, with a 1.10 m central corridor. The 
lateral and internal walls were 1.5 m high. Polypropylene curtains were used to close 
the lateral walls when the temperature was below 27 ºC. The lactating pens were 
alongside the corridor. On one side were the individual pens with cages with an area 
of 2.1 m2, and on the other side were the pens without cages with an area of 3.5 m2. 
In total, six lactating sows were used in the experiment: three sows were placed in 
individual cages, each with an area of 2.1 m2, and three sows were reared in pens 
with an area of 3.5 m2. The housing was 3.3 m high, with a concrete floor. Data on 
the sows studied is presented in Table 1.

Table 1. Sow identification, form of rearing, number of farrowings, and age during 
the experiment.

Sow ID Form of 
rearing

Number of 
farrowings Age (year)

246 Individual Multiparous 8

344 Individual Multiparous 6

1177 Individual Primiparous 3

354 Group pen Multiparous 5

1203 Group pen Multiparous 4

4215 Group pen Multiparous 5

The thermal rearing environment (dry bulb temperature, relative humidity and wind 
speed) was recorded inside the pens for both groups studied. 

The acoustic environment was analysed in two parts. First, the sound level was 
recorded and analysed. At the same time, an observational study was conducted 
in order to associate the sows’ vocalisations with the degree of stress exposure 
while the piglets were suckling at the sows’ teats. The sounds were recorded using 
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equipment placed in the centre of the rearing area (QUESTâ 2900, Sound level meter). 
Vocalisations were recorded during suckling. The audio content was recorded in WAV 
format, using a sampling rate of 44100 Hz and resolution of 16 bits. The analysis 
was performed using software specially developed for the trial, in Delphi language 
(Vocalâ 1), which was based on an algorithm containing the variables related to the 
sound characteristics. The software allowed sound to be recorded during a particular 
activity. The sound wave analysis and the sound spectrum were studied, after 
removal of the error. The Audacity software (Audacity Team Free Audio Editor and 
Computer program, Version 2.0.0 obtained from http://audacity.sourceforge.net/) 
was also used to analyse the sound spectrum and frequencies. All sound, including 
the vocalisations, was recorded using a directional microphone (Clone 11013) which 
was directly connected to a computer (Mobile Intel Pentium 4, 3330GHz 1GB) for 
data processing. The sound peaks in both treatments were compared using the non-
parametric Kruskal-Wallis test (Henseler, 2012) 

Results and discussion

The pen environment did not vary (P>0.05) during the experiment. We therefore 
concluded that the thermal environment was the same for both pens studied. Dry 
bulb temperature varied from 25-28 ºC in both pens, and the relative humidity ranged 
from 60-80%. The wind speed was 0.5 m/s.

During sound recording inside the individual pens, the sows and piglets were very 
curious about the procedure. In the group pens the piglets fought amongst themselves 
and produced more noise (Algers & Jensen, 1985). Another behaviour noted was that 
when the piglets started suckling in one of the pens (either individual or grouped), 
the sow would emit the “feeding call” vocalisation which immediately moved the 
piglets towards the sows’ teats in all the pens studied. This behaviour was previously 
observed by Jensen & Algers (1984).
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Figure 1. Sound wave during suckling inside the individual pen (sow 246, a), and the 
software output sound spectrum of the sow’s “feeding call” (b).
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Figure 2. Sound wave during suckling inside the individual pen (sow 344, a), and the 
software output sound spectrum of the sow’s “feeding call” (b).
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Figure 3. Sound wave during suckling inside the individual pen (sow 354, a), and the 
software output sound spectrum of the sow’s “feeding call” (b)
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Figure 4. Sound wave during suckling inside the individual pen (sow 1132, a), and 
the software output sound spectrum of the sow’s “feeding call” (b)
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It was possible to analyse the animals’ vocalisations by observing the peak values 
and the similar sound frequency values. The non-parametric Kruskal-Wallis test 
was applied, and no difference was found between the two forms of rearing tested 
(P-value>0.05, Table 2). The mean of the observed vocalisation peak values for the 
animals in the group pen was 3472 Hz while that in the individual pen was 4124 
Hz. Using this information, it was possible to build up a vocalisation pattern for the 
group (piglet+sow) during the feeding period (Table 3).

Table 2. Results of the Kruskal-Wallis test for the mean sound peak values registered 
in both individual and grouped pens.

Form of rearing Values Median Ranking z
Group 42 3280 42.4 -1.04
Individual 48 3628 48.2 1.04
Total 90 - 45.5 -
P-value = 0.299

Table 3. Parameters found in the spectrum analysis during piglet feeding in both 
forms of rearing.

Spectrum pattern during piglet feeding 
(peaks identified), Hz

398
1633
3016
4152
5840

Low vocalisations with a low tone (grunts) are used for social contact between adult 
pigs while vocalisations with a high tone (squeaks) are related to excitement or fights 
(Kiley, 1972; Fraser, 1974). The data showed that the peaks registered were related to 
fighting for the sows’ teats by the piglets (Schön et al., 1999). The vocalisation by the 
group was not continuous and was related to the activities of the piglets in the pens 
(Klingholz & Meynhardt, 1979; Jensen & Algers, 1984; Algers & Jensen, 1985). The 
values found in the present study were similar to those observed by Manteuffel & 
Schön (2002), but varied from the results obtained by Weary et al. (1999).

The parameters used in the time domain (Noll, 1964), such as lack of sound, number 
of sounds, and duration of sound, showed similar results for both groups tested. The 
parameters studied did not differ with the form of rearing. 
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Conclusions

The results for the vocalisations of sows and piglets during lactation were the same 
in both forms of sow and piglet housing. The mean of the vocalisation peak values 
for the animals inside the open pen was 3472 Hz while that in the individual pen with 
cage was 4124 Hz.
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Abstract

Precision Livestock Farming (PLF) combines the principles of process control 
technology with animal sciences. An example of PLF is the Pig Cough Monitor 
(PCM), which performs a continuous automated measurement of porcine respiratory 
health through sound analysis. This paper provides results and a thorough analysis 
of the data obtained in the course of the FP7 EU-PLF project. Earlier work has 
demonstrated the effectiveness of the PCM in a real-world farm setting. This paper 
reports on 2 new case studies, again using the cough index as a principal measure. 
Additionally, the heat map is introduced as a new visualisation approach of cough 
behaviour. The heat map shows the course of cough throughout the day. Additional 
sources of metadata such as the corresponding slaughterhouse data are also included. 
For both cases discussed in this paper, anomalies in the respiratory health are apparent 
from the cough index representations.

Keywords: precision livestock farming, acoustic monitoring, fattening pigs, EU-
PLF, pig cough monitor, heat map

Introduction

In recent years, traditional livestock farming has come under stress by a growing 
global demand for meat and augmented ethical end environmental concerns towards 
meat production. In order to increase efficiency in livestock farming, Hanton and 
Leach introduced the idea of describing livestock farming as a process control 
technology (Hanton and Leach 1981). With the above issues in mind, Berckmans 
presented the idea of Precision Livestock Farming (PLF) (Berckmans 2006). The last 
years have seen the development of various instances of PLF-techniques (Daniella 
Jorge de Moura et al. 2008; Aydin et al. 2014). Methods specifically oriented towards 
acoustic monitoring of cough in pigs have also appeared and since undergone a long 
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research trajectory (Moshou et al. 2001b; Moshou et al. 2001a; Van Hirtum 2002; 
Guarino et al. 2008; Exadaktylos et al. 2008; Vandermeulen et al. 2013). In 2011, 
SoundTalks NV and Fancom BV together released the Pig Cough Monitor (PCM) as 
a commercialisation of the earlier research on pig cough detection.
In this work, we hypothesise that a continuous measurement of cough behaviour 
has an added value in terms of speed as opposed to assessments at discrete time 
points. Furthermore, we consider our novel visualisation approach, a heat map 
representation, to give even more detailed insight into the cough dynamics over a 
fattening round.

Materials and methods

EU-PLF
The data presented in this paper was obtained in the Collaborative Project EU-PLF 
KBBE.2012.1.1-02-311825 under the Seventh Framework Programme. Within this 
project, 40 compartments of fattening pigs (four per farm) are monitored during 
a combined total of 60 fattening rounds. 10 pig farms were selected, located in 
France, Hungary, Italy, the Netherlands, the United Kingdom and Spain. The 
underlying objective of this large geographical spread was to cover a wide range 
of climatological conditions, management styles, housing layouts and materials, 
pig breeds etc. The data that is collected contains both qualitative and quantitative 
sources of information. The qualitative data consists of animal welfare assessments 
by trained experts or veterinarians as well as input from the involved farmers. 
Instances of quantitative data are the PCM-data. The aggregation of these inputs 
should provide a better understanding, both out of a scientific interest as well as to 
how PLF-technology can be employed to support the farmer in an economically 
viable way. The EU-PLF project ends in November 2016.

PCM-system
The sound acquisition system of the PCM consists of a condenser microphone (type 
Behringer C4) and a sound card (type ESI Maya 44). The microphones are phantom-
powered and are connected using balanced audio, in order to allow the use of long 
cables with very limited susceptibility to noise. The sound data is recorded with 
a precision of 16 bits and a sampling frequency of 22 050 Hz. The sound card is 
mounted in an embedded board (x64 architecture), running a GNU/Linux operating 
system. The embedded board is fanless and installed in a sealed enclosure to protect 
the system from the harsh environment. The microphone itself is protected with 
a thin and flexible plastic cover in order to withstand the harsh conditions in the 
compartment whilst at the same time not interfering with the sound acquisition itself 
in the frequency range of interest. The embedded board is equipped with diagnostics 
software that regularly checks the system operation, including monitoring the sound 
recording quality, the system temperature and processing load. The system condition 
can be checked remotely via a wired or wireless internet connection. Several factors 
put high stress on the equipment and demand for a robust design as well as automatic 
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diagnostic utilities built into the equipment, including unstable power supplies, high 
temperatures and humidity, acid compounds in the air, internet connection problems, 
accelerated corrosion due to ammonia concentrations, rats biting cables, etc. … An 
overview of practical difficulties associated with deploying PLF technologies on 
farm, and the solutions invented to overcome these, are listed in (Banhazi et al. 
2014).

The microphone is typically mounted in the centre of the pig compartment, at a 
height of at least 2 m. Recordings are continuous, i.e. 24 h / d, 7 d / w. All raw 
sound recordings are stored on external hard drives, in order to allow further post-
processing if needed. The PCM runs software containing a cough detection algorithm 
to separate cough sounds from other sounds. Such an algorithm typically consists of 
the following steps. First, a procedure is carried out that isolates meaningful audio 
events for which distinguishing time-frequency features are derived. Secondly, there 
is a classification phase where cough sounds are separated from non-cough sounds 
based on those audio features. The algorithm is designed with the commercial setting 
in mind, i.e. the audio features that are used aim to be robust to all possible acoustic 
environments and practical farm conditions.

Case outline
Two case studies of the PCM are further discussed, each from a different farm 
involved in the EU-PLF project. The farms are referred to as farm A and farm B. 
The PCM-data is presented over the duration of a single fattening batch for both 
cases. The cases were selected based on logbook entries. Both of the selected cases 
are discussed in terms of the detected level of coughing and the corresponding case 
metadata.
The cough level is first displayed through a cough index graph. This graph shows the 
number of coughs per day throughout the fattening round, normalised for the number 
of animals. A novel method of visualising the cough index graph is the heat map. 
The heat map displays the intensity of cough both throughout the duration of the 
fattening round as well as throughout the day. It represents the cough index in these 
two dimensions by putting the day in the batch on the horizontal axis and the hour 
of the day on the vertical axis, indicating the intensity on a colour scale. It enables a 
more detailed analysis of the cough data.

The case metadata consists of animal assessments and logbook entries. The animal 
assessments are carried out by trained animal experts on regular, fixed time slots. 
They include the counting of cough events for a selected number of animals during 
a fixed time of 10 minutes. The logbook entries are notes on farm events by the 
involved farmers, veterinarians, caretakers or technicians. Case 1 describes a batch 
on farm A ranging from March 29th 2014 till June 24th 2014. The pig breed used on 
this farm is Topigs (Dutch F1) x Topigs (Tempo). The initial number of animals for 
this batch is 200. Case 2 describes a batch on farm B ranging from April 20th 2014 
till August 25th 2014. The specific pig breed used for farm B is 25% Large White / 
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25% Landrace / 50% Piétrain. The initial number of animals for this batch is 192. 
For this case, the cough index data is presented and related to the corresponding 
slaughterhouse data.

Results and discussion

Case 1: batch farm A
Figure 1 and Figure 2 respectively show the normalised cough index graph and heat 
map. The beginning of the batch starts at 1.4 coughs per animal per day. After the 
first week, the cough index level increases to a maximum level of 4.5. The following 
and largest portion of the batch varies around a level of 2.5. Near the end of the 
batch, there is a large relatively increase to cough index 9.9. The heat map indicates 
that from June 6th to June 20th, the coughing is at an elevated level throughout the 
day.

Table 1 shows the results from the animal expert assessments for this batch. Note 
that this data does not reveal any particular onset of disease.
Table 1: Animal expert assessments case 1

Assessment Date # Animals Start time End time # Coughs
1 2014-04-18 200 10:22 / 1
2 2014-05-23 199 11:38 11:48 3

Table 2 gives an overview of the information available from the slaughterhouse data. 
From this batch, 25 selected animals were analysed. The mean and standard deviation 
weight of the animals was respectively 76.6 kg and 4.2 kg. Out of the 25 animals, 
12 animals tested positive for pneumonia and 3 for pleuritis. The animals were also 
classified on the SEUROP-scale (Council Regulation (EC) 1984), a subjective visual 
measure to grade  carcasses in terms of lean meat content. Using this scale, 5 animals 
were graded as S, 18 as E and 2 as U.
Table 2: Summary of slaughterhouse data 2014-06-25 available for case 1

# Animals Mean / std weight (kg) # Pneumonia # Pleuritis # S # E # U

25 76.6 / 4.2 12 3 5 18 2

In summary, the cough index data reported a varying level of cough index with a large 
increase near the end of the batch. The animal assessment data did not reveal any 
particular onset of disease. However, the corresponding slaughterhouse data clearly 
showed the presence of disease for this batch, with 12 out of 25 animals positive for 
pneumonia. This indicates the clear added value of a continuous monitoring of the 
cough behaviour as opposed to the manual cough counting in a limited time span.
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Figure 1: Normalised cough index graph case 1 showing relative peak around June 
14th 2014
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Figure 2: Cough index heat map case 1 showing elevated level of coughing throughout 
the day from June 6th to June 20th 2014
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Case 2: batch farm B
Figure 3 shows the cough index graph and Figure 4 the corresponding heat map 
for this batch. The beginning of the batch shows a normalised cough index level 
of 10. On June 5th, the level increases from 17.7 to 36. On July 1st, another large 
increase from 20.9 to 44.8 is apparent. The heat map indicates that for both peaks 
the cough index is elevated throughout the complete day. Between May 30th and 
June 5th, recording data is missing.

Table 3 shows the assessments for this case. The assessments only describe 
discrete periods of time in the fattening round and thus cannot be related to the 
earlier mentioned peaks.
Table 3: Animal expert assessments case 1

Assessment Date # Animals Start time End time # Coughs

1 2014-06-18 192 10:58 / 57

2 2014-07-21 189 10:44 / 32

An explanation for the peaks can be found in the logbook. The logbook indicates 
two issues for the beginning of June for farm B. The first peak can be explained 
through an issue with the air washer. As the air washer was blocked, the airflow 
through the unit was reduced. The climate control system requires certain airflow, 
but as the washer was blocked, only about 60% of the airflow was generated. The 
second peak can be explained by the presence of pneumonia, confirmed by the 
involved veterinarian.
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Figure 3: Normalised cough index graph case 2 showing 2 distinct peaks. The first 
peak is attributed to a malfunctioning air washer, the second peak to incidence of 
pneumonia.

Figure 4: Normalised cough index heat map case 2 showing 2 distinct periods of 
elevated cough throughout the day. The first peak is attributed to a malfunctioning 
air washer, the second peak to the incidence of pneumonia.
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Conclusions

Earlier work indicated the use of the PCM as real-world application of the principles 
of Precision Livestock Farming. In this paper, two more case studies of pig cough 
detection were discussed. Both fattening batches were measured on European farms 
that are part of the EU-PLF project. Again, the advantage of a continuous measurement 
of cough behaviour was demonstrated over the discrete cough counting. In addition, 
this research adds a novel visualisation approach, the heat map, to show the hourly 
variation of cough index throughout the day. Furthermore, the first case includes 
related slaughterhouse data in the analysis. Follow-up research should continue these 
analyses with focus on the further integration of the various sources of information.
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Abstract

The Chicken product group in the BioBusiness project strived to enhance and 
improve commercial incubation through synchronising the hatching process by 
adding natural components currently absent from modern machines and assessing 
how incubation inputs affect hatch window of broilers incubation. 
The optimal temperature and humidity levels for incubation are well established in 
the literature and practice. In this study, the effect of a commercially-used high CO2 
profile on hatch process was tested. A heightened CO2 level during the hatcher phase 
of incubation was found to shorten the hatch window without any negative impact 
on chick quality at pulling. In separate experiments, pre-recorded nest sounds were 
played and regular periods of light were added during incubation. Adding natural 
nest sounds successfully delayed the hatch window and light exposure had no effect 
on the hatch window of the entire batch. Based on the results of this project, further 
study is recommended to identify to what degree and via which mechanisms, prenatal 
stimulation affects hatching behaviour and its epigenetic influence.

Keywords: egg incubation, prenatal stimulation, hatch window, chick quality

Introduction

Currently there are many different procedures in practice that are designed to shorten 
the hatch window (HW).  However, these may be detrimental to chick quality. For 
chicks, it is believed that simply reducing the HW and forcing chicks to hatch without 
being well-developed may have a negative effect on chick quality and subsequent 
performance (Molenaar et al., 2010).  Therefore this does not solve the underlying 
issue. Some procedures are designed to create an even temperature environment 
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to stimulate hatching in the embryos that have been in the cold areas of the 
incubator or hatcher. However these don’t consider the requirements of the 
embryos within different locations. Monitoring the signs of hatch and changing 
the hatcher conditions are alternative methods for achieving a shorter HW. For 
instance, circadian incubation programs periodically increase the air temperature 
according to different incubation stages, which accelerates the development 
of embryos. Another example is the use of increased carbon dioxide levels to 
stimulate the chicks to hatch.

The optimal temperature and humidity levels for incubation are well established in 
the literature and commercial practice. However, the optimal gas concentrations 
are less well understood. In a natural nest, the CO2 level increases from 0.05 
to 0.90% ( Boutilier et al., 1977, Buys et al., 1998) over 21 days of incubation, 
while the O2 concentration declines from 20.9 to 20.3% (Walsberg, 1980). In 
the air cell of the egg, the O2 concentration decreases to approximately 14.2%, 
and CO2 concentration increases to 5.6% (Visschedijk, 1968) before hatch. 
In artificial incubation, a concentration of 0.30% of CO2 in the incubator is 
widely used throughout the incubation industry. However, there is an increasing 
awareness that different CO2 levels could play an important role in the artificial 
incubation as a natural increase in CO2 concentration which occurs under mother 
hen incubation. During artificial incubation, maternally-derived components of 
incubation and sound communication are excluded. Early studies indicated that 
the specific interactions between the hen and the embryo (domestic chicken) 
in the indoor nest box take place the day before hatching, by means of vocal 
communication (Gottlieb, 1965, Tuculescu & Griswold, 1983). In some avian 
species, parents exert considerable control that minimises the developmental and 
hatching time differences in a clutch (Reed & Clark, 2011).Broiler chickens are 
often incubated commercially in complete darkness. Under natural conditions, 
however, avian embryos would certainly receive some light stimulation during 
development. Light stimulation during embryonic development is now known to 
affect the physiology and post hatch behaviour of broiler (Archer et al., 2009, 
Ozkan et al., 2012a, Ozkan et al., 2012b, Archer & Mench, 2013).

The aim of this research was to achieve greater hatching synchrony and reduce 
the HW in the incubator. Our hypothesis was that manipulation of the incubation 
conditions may delay and narrow the HW without compromising the quality 
of the day old chick. We have examined the effect of higher CO2 concentration 
during the hatcher phase of the incubation, as well as the effect of sound and 
light stimulation during certain periods of incubation. 

Material and Methods

Fertilized Ross 308 eggs were obtained from a local supplier (Henry Stewart 
& Co. Ltd, Lincolnshire, UK) and incubated in two small custom-built 
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“BioStreamer” incubators (Petersime NV, Zulte, Belgium) swapped between 
treatment group and control group. Each incubator was able to set 300 eggs 
in 2 trays. Incubation conditions were continuously monitored and controlled 
by the incubator controller (BIO-IRIS, PetersimeTM). All incubation conditions 
(machine temperature, humidity, CO2 concentration and ventilation rate) were 
identical in the two incubators. Both machines were stopped after 512h (21 days 
and 8 hours) of incubation and chicks were scored for quality using a standard 
method (Tona et al., 2003) at pulling (this was not conducted in CO2 experiments). 
Hatchability (the percentage of fertile eggs that hatch) was determined at the end 
of incubation and late hatchlings (after 512 hours) were not counted.
CO2 experiment 
The patterns of CO2 levels in the treatment incubator and control incubator were 
programmed and achieved by adjusting ventilation. All parameters were identical 
in the two groups up to day 18. From day 18, the treatment group experienced 
a higher CO2 level which was increased up to 1% during hatch. In the control 
group, CO2 concentration was maintained at 0.3%.
Sound experiment
In the treatment incubator, embryos were exposed to pre-recorded files based 
on natural incubation sounds which were replayed in two phases: maternal 
calls (500-1000 Hz) from day10 to internal pipping (IP) and embryo/chick calls 
frequency (2000 – 4500 Hz) from IP until hatch. The auditory stimulation was 
given at 72 dB as this sound level was loud enough to be detected at the surface 
of all eggs using the sound level meter (INTEGRATING AVERAGING), but not 
detected in the control incubator. In the control incubator, there was no additional 
species-specific sound stimulation. In the small scale incubators a background 
sound of 70 dB, which emanates from the motor and fan, was present in all 
groups and could not be eliminated.
Light experiment 
In the treatment incubator, eggs were incubated under a light protocol (12 hours 
green light and 12 hours dark) consisted of first 4 hours of lower intensity light 
(100-130 lux), one hours of higher intensity (1200-1400 lux), 7 hours lower 
intensity light (100-130 lux) and 12 hours dark period. No light was provided in 
the control incubator.
Each of the experiments was repeated over four trials. The HW of entire batch 
was defined as the duration between IP and Hatch for each incubation trial which 
was determined by the incubator controller (Petersime BIO-IRISTM) (Tong et 
al., 2015).
Data were expressed as mean ± standard error of the mean (SEM) and differences 
between control and treatment groups were analysed by Independent-samples T 
Test and Independent test of nonparametric test using SPSS (PASW statistics 
18). The P values < 0.05 were considered significant.
Animal experiments were performed with ethics approval from the Royal 
Veterinary College Animal Ethics Committee.
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Results and Discussion

No difference in overall hatchability and chick scores was observed between control 
group and treatment group of the CO2, sound and light experiments (Table 1). The 
respective stimulation has no negative effects on hatchability and chick quality. The 
IP and HW detected in groups of each experiment are presented in Table 1. In the CO2 
experiments, the treatment group had a delayed IP of 5.3 hours compared to control 
groups. Furthermore, the duration of hatch was influenced by the CO2 concentration 
in the hatcher. On average, the treatment group had a HW that was 2.7 hours shorter 
than the control group, but this is not significant.  To achieve a delay and short hatch 
window, increasing CO2 during incubation can stimulate corticosterone secretion 
(Blacker et al., 2004). In commercial practice, the CO2 concentration is sometimes 
increased to 2% at the onset of pipping to stimulate the chickens to hatch (French, 
2010). Exposure to CO2 concentrations up to 1% from the onset of pipping had a 
similar affect across the whole batch of embryos. It might accelerate the embryos 
emerging from the shell in order to get enough oxygen thus narrow the hatch window 
of the test cohort. Critically, the hatch window was narrowed without significantly 
affecting the quality of newly hatched chicks. 
In the sound experiments, the IP was delayed by about 4hoursand the average HW 
was narrowed by 1.5 hours in the treatment group compared to that of control group. 
There has been little documentation on how incubating hen sound can affect the 
hatching of domestic chickens. Greenlees (1993) has reported that the acoustic 
enrichment during incubation may be responsible for the initial delay in hatch, but 
the functional incubating hen calls are unclear. The delayed pipping observed in the 
sound-stimulated embryos in this study could be due to the exposure of maternal calls 
before pipping. Hen vocalisations may serve as an evolutionary parenting mechanism 
to prevent some eggs from needing additional incubation time while hatched chicks 
were ready to explore. In this study, the sound was switched to embryo/chick 
vocalisation calls around 469.5 incubation hours; the intent was to synchronise the 
hatching process when the whole group started pipping. From this stage, embryos 
were expected to be well developed and able to adjust pipping behaviour due to 
vocalisation cues. We managed to achieve a shorter HW via manipulation of real 
vocalisation. However, we did not observe significant synchronising effects of the 
embryonic/chick calls.
There was no effect of light treatment on the initiation and the length of the hatch 
window of the entire batch. Both groups started pipping around 467 hours of 
incubation time. It has been reported that rhythm of melatonin synthesis in embryos 
can be synchronised by ambient light-dark (LD) cycles and requires a photoperiod 
longer than 8 hours for its proper functioning (Zeman et al., 1999). For the purpose 
of inducing a proper circadian rhythm in chicken embryos and thus to synchronise 
embryo development and hatching through light exposure, it does not make sense to 
expose eggs to 24 hours illumination as other authors have (Shafey and AI-mohsen, 
2002, Archer et al., 2009). However, the expected changes in HW were not found in 
this light pattern at group level. 
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Table 1.Mean (±SEM) values of the hatchability, chick score, onset of internal 
pipping (IP) and hatch window (HW) of four incubations for the CO2, sound and 
light experiments.

Experiment Group Hatchability 
(%)

Chick score 
(%) IPa HW (h)

Control 78.4±2.2 465.0±0.7 28.5±1.8

CO2 Treatment 77.8±2.3 470.3±3.0 25.8±1.3

P-value 0.86 0.18 0.27

Control 78.9±4.7 97.9±0.2 465.3±1.5 27.0±2.0

Sound Treatment 69.1±5.5 97.9±0.3 469.5±1.0 25.5±1.3

P-value 0.22 0.9 0.05 0.5

Control 78.2±1.5 97.9±0.2 467.3±0.7 23.0±1.9

Light Treatment 73.7±2.2 97.8±0.3 467.3±0.7 22.3±1.9

P-value 0.14 0.7 1.0 0.78
aHours of incubation time.

Conclusions

All these three environment enriching conditions were investigated separately in this 
thesis. Thus a clear result for the effect of each manipulation of incubation condition 
could be obtained. The respective stimulation has no negative effects on hatch 
performance in terms of hatchability and chick quality. The delayed and narrowed 
hatch window decreases the overall time chicks go without food and water and 
addresses the first principle of the Five Freedoms: The Freedom from Hunger and 
Thirst. A more timely and equal access to feed and water increases flock uniformity 
at placement and has continued benefits during the rearing period. However, to meet 
the actual trend in commercial poultry incubation to adapt incubation conditions 
more to nature, further work is needed to address the issues mentioned in the above 
as well as the effect of any combination of these conditions in terms of the concern 
of welfare and optimal hatch and post hatch performance. 
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Abstract 

This paper extends existing research on feed intake of broiler chickens and 
describes an advanced monitoring system to accurately measure the feed intake 
of broiler chickens at group level using a real-time sound processing technology. 
By contrast to previous work which monitored the sounds made by a single chick, 
the pecking sounds of 10 male, 39-day old broiler chickens were recorded in this 
study. At the same time, the appearance of the chickens around the feeding pan 
was recorded by a 3D camera that was positioned in top view above the feeding 
pen. Simultaneously, a weighing system was used to automatically record feed 
uptake of broilers as a reference method. The feed uptake of broiler chickens was 
calculated by analysing the pecking sounds. The relationship between feed uptake 
obtained by the sound algorithm and feed uptake recorded by the weighing scale 
was investigated. The Pearson Product Moment Correlation test (PPMCC) was 
performed to define the correlation between these two variables and resulted in R2 
= 0.997. In addition to this high correlation, 86% of the feed intake was correctly 
classified using sound analysis. 

Keywords: Sound analysis, pecking detection, feed intake, broiler 

Introduction

Computer and modern electronic technologies have been used to monitor the feed 
intake, body weight and feed conversion ratio (FCR) of broiler chickens (Hulsey 
and Martin, 1991; Xin et al., 1993; Yo et al., 1997; Savory and Mann, 1999; 
Puma et al., 2001). For example, Gates and Xin (2008) developed algorithms 
for determining individual bird feeding statistics and stereotyped pecking 
behaviour from time-series recordings of feed weight and compared them to video 
observations. In another study, relating to turkey breeding, a structured query 
language (SQL) database management system was developed by Xuyong et al. 
(2011) to record and manage the dynamic feed intake and body weight gain data 
of individual birds. The system also offers a powerful research tool for studying 
poultry feeding behaviour under group housing conditions (Xuyong et al. 2011). 
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Except for the study by Aydin et al. (2014), the literature to date has used the 
same methodology to define the feed intake of poultry, based on weighing scale 
data. Unlike the previous studies in the literature, detection of the pecking sound 
made by an individual chicken was investigated by Aydin et al. (2014), using a 
sound algorithm that was specially developed to define the feed intake of broiler 
chickens. The pecking sound of each individual chicken was recorded by a contact 
microphone under the feeder to calculate the feed intake of broilers. The results 
show that 93% of the pecking sounds were correctly identified and 90% of feed 
intake correctly monitored using sound analysis (Aydin et al. 2014). the present 
study took the work beyond the detection of pecking sounds made by an individual 
bird, as described in the study by Aydin et al (2014), moving from an easy process 
to a slightly more complex situation to detect the pecking sounds made by a group 
of chickens while multiple birds were all eating together at the same time. Unlike 
previous studies in the literature to date, this work represents the first attempt to 
accurately measure the feed intake of multiple broiler chickens in a non-invasive 
way by sound analysis. The most important challenge of this study, by contrast to 
previous research, was to automatically detect pecks by multiple broiler chickens 
while the birds were all eating together. The objectives of this research were: (1) 
to develop an algorithm to detect the pecking sounds made by multiple broiler 
chickens while the birds were all simultaneously eating together, and (2) to provide 
a continuous monitoring system for further research and commercial use to allow 
non-invasive assessment of the feeding behaviours, health and welfare of broiler 
chickens.

Materials and methods

Birds and housing
The experiments were performed with 10 male, 39-day-old, Ross 308 broilers with 
an average weight of 2.67 kg. Birds were transported to the laboratory within two 
hours from a local farm (Provincial Centre for Applied Poultry Research, Geel, 
Belgium). Feed with a particle size of 300 μm and water were provided ad libitum 
during the experiments. The birds experienced 20 hours of lighting and 4 hours of 
darkness each day. 

Experimental setup and experiments
The experimental setup consisted of a pen (100x100x50cm) where a commercial 
feeder was placed on a weighing scale (KERN PCB-8000, with weighing range of 
8000 g and accuracy of 0.01 g) and an electret microphone (Monacor ECM 3005) 
was attached to the bottom of this feeder (Figure 1). 
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Figure 1: Experimental setup for sound recordings of multiple broiler chickens

The microphone had a frequency response of 30–20,000 Hz and was connected to a 
PC. All recordings were sampled at 44.1 kHz with 16 bit resolution. All sounds such 
as pecking, singing and environmental sounds were continuously recorded during 
the experiments. At the same time, video images were captured with a top view 
camera. The video recordings were taken using a USB webcam (Logitech Webcam 
Pro 9000) with 3.7 mm Carl Zeiss® lens mounted above the cage at a distance of 200 
cm with its lens pointing towards the cage to give a top view of the feeder (Figure 1). 

Images were captured with a resolution of 640 horizontal by 480 vertical pixels at a 
sample rate of 15 frames per second. As a reference measurement, the feed uptake of 
chickens was continuously and simultaneously recorded (sampling frequency of 10 
Hz) by a weighing system, which was connected to the PC via a RS-232 cable. The 
weighing data were used to validate the proposed algorithm. 

Processing of sound signals for algorithm development
The flowchart for the proposed signal processing procedure is shown in Fig. 2.

Figure 2: The flowchart for the proposed signal processing.
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Filtering of raw data
To eliminate low-frequency noise produced mainly by the ventilation system in the 
laboratory, the signal was initially band pass-filtered (6th order Butterworth filter) 
with cut-off frequencies of 4 and 5 kHz (Figure 3). The pecking sound signals which 
needed to be recognised are not affected by this filter as they have considerable low 
frequency components and the frequency range between 4 and 5 kHz holds enough 
information for the purposes of this study. After band pass filtering, the signal was 
down sampled from 44.1 to 11.025 kHz to reduce processing time. 

Figure 3: Filtered sound signals between 4 kHz and 5 kHz.

Extraction of the sound signals
The algorithm is composed of two major parts: first, the individual sounds are extracted 
from a continuous recording, and afterwards each sound is classified as pecking or 
other sound. Each part of the algorithm is presented in detail in the following sections. 

Extraction of individual sounds from a continuous recording is based on the envelope 
of the energy of the signal which is automatically selected by applying a specific 
threshold (Exadaktylos et al., 2008). The mean value of the envelope over the complete 
recording is used for this application assuming that it is capable of extracting most of the 
signals that are of interest. To automatically calculate the envelope of the continuously 
recorded signal, the Hilbert Transformation of a discrete time signal s[k] is defined as; 

where h[k]=2/kπ, for k=±1,±2, . . . ,±N/2 and h[0]=0.

Classification of pecking sounds
The sum of the power spectral density vector was calculated for a frequency range 
between 4 and 5 kHz in order to identify whether the sound is a peck or not. Based 
on this, the threshold value can be chosen in the ranges that differentiate the other 
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sounds from the pecking sound signal. In this research, an adaptive threshold was 
chosen instead of a fixed threshold because the frequency contents of pecking and 
other sound signals are not stable and not easily distinguishable. Every individual 
sound signal was automatically calculated by the algorithm to give a new and 
correct threshold value. Each threshold was defined as 0.6 per cent of the maximum 
amplitude of signal (Aydin et al. 2014). However, it should be noted that the noise 
level and acoustics at a commercial broiler farm are different from the laboratory 
environment, which can affect the resulting signal. Therefore this should be taken 
into account when choosing the threshold. 

Figure 4: Spectrogram of a continuous sound represented in time domain (above) 
and in frequency domain (below).

After threshold definition, the algorithm classifies the sound based on a sudden 
increase of amplitude in both spectrogram(s) and wave forms together with 
a subsequent decrease. If the sum of the density was below the threshold in the 
frequency band, the signal was classified as a peck.

Feed intake calculation
The feed intake of chickens was automatically estimated after pecking was detected 
by the sound detection algorithm. As a reference, the feed uptake was measured 
automatically by a weighing scale during the experiments (Table 1). The feed intake 
was estimated as follows: the feed intake is the quantity (g) of feed ingested by 
chickens with each peck. The average feed intake per peck (FIPP) was determined 
in the previous study by Aydin et al. (2014) as 0.025g. Based on this information, 
calculation of the average feed intake per experiment (FIPE) is defined as; 
                                                               
             (1)

This equation multiplies the feed intake per peck (FIPP) by the total number of pecks 
per experiment (NPPE). Finally, the feed intake results from the proposed algorithm 
were compared with the weighing scale data as an established standard in order to 
define the accuracy of the proposed system.
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Statistical analysis 
The Pearson product-moment correlation coefficient (PPMCC) test was used to 
define statistical differences between the results obtained with the proposed system 
and the weighing scale data as an established standard (reference method). PPMCC 
is a measure of the linear correlation (dependence) between two variables X and Y, 
giving a value between +1 and −1 inclusive, where 1 is total positive correlation, 0 is 
no correlation, and −1 is total negative correlation. It is widely used in the sciences 
as a measure of the degree of linear dependence between two variables. The formula 
for ρ is:

                                            (2)
  

where cov is the covariance,  is the standard deviation of X,  is the mean of 
X, and E is the expectation. The calculations were performed using the Statistics 
Toolbox of Matlab (The Math Works, Massachusetts, USA). The proposed algorithm 
was also developed using Matlab (The Math Works, Massachusetts, USA). 

Results 

The main goal of this study was to enhance an existing algorithm to accurately and 
continuously measure the feed intake of multiple broiler chickens around a feeder. To 
improve it, some adjustments were applied to the algorithm. The first adjustment was 
to change the cut-off frequencies for the band-pass filter (from 1-5 kHz to 4-5 kHz) 
to eliminate the background noise, produced mainly by the ventilation system, and to 
obtain clear data without losing any sound signal which needed to be recognised as 
pecking. Another adjustment to the algorithm was to change the ratio of the adaptive 
threshold (from 0.8 to 0.6 amplitude) as the sum of the density of the potential signals 
was lower when the birds were all eating together. In order to achieve this aim, all 
sound data were analysed and classified as either “peck” or “other sound” using the 
proposed algorithm to detect the total number of pecks in each experiment (Table 1). 

Table 1: Accuracy results of the proposed algorithm.

Experiment Time
(min)

NPPE 
(Algorithm)

FIPE 
Algorithm

(g)

FIPE Weighing 
Scale (g)

Accuracy 
(%)

1 60 3952 99 111 89
2 60 6018 150 177 85
3 60 5986 150 174 86
24 60 3880 97 111 87

Total/Mean. 60 114544 2865 3359 86±3,49

NPPE: Number of pecks per experiment, FIPE: Feed intake per experiment. 
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The results obtained using the algorithm were compared with reference feed 
intake values obtained through weighing system measurements. The relationship 
between feed intake obtained using the algorithm and feed intake recorded by a 
weighing scale was investigated and a positive correlation was found between 
these two variables (Figure 5). 

Figure 5: Correlation between feed intake measured by the algorithm and feed 
intake recorded by a weighing scale (Feeding behaviours of broiler chickens in 
24 hours)

The Pearson Product Moment Correlation Coefficient (PPMCC) test was 
performed to define the correlation, resulting in R2 = 0.994. The feed intake results 
from the proposed algorithm were then compared with the weighing scale data 
in order to define the accuracy of the system. The system accuracy was found to 
be 86 percent. This means that 86 percent of feed intake was correctly monitored 
using sound analysis. In addition, the correlation between feed intake and the 
relational error of the proposed system was investigated by means of a PPMCC 
test. A strong positive correlation was found between these two variables, giving 
a coefficient of determination of R2=0.908.
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Figure 6: Correlation between feed intake and relational error of algorithm

As shown in Figure 6, the accuracy of the proposed system was fell as the feed intake 
of broiler chickens increased. Possible reasons for this negative relationship will be 
discussed in the next section. 

Discussion

Currently, the proposed system cannot detect the pecking sounds made by broiler 
chickens with higher accuracy (more than 90%) when the birds are all eating 
together because some pecking events by different chickens occur at exactly the 
same time with the same amplitude and frequency levels. Although the accuracy 
of the proposed system remained at 86%, there was a strong positive correlation 
(R2=0.994) between the algorithm results and the data from the weighing scale. Thus, 
the proposed system can be used for real-time monitoring of the feeding behaviours 
of broiler chickens because the correlation between the feed intakes measured with 
the algorithm and feed intakes recorded by a weighing scale is very high. However, 
the feed intake curves for the algorithm and weighing scale are also quite similar and 
parallel to each other. 

Some methods of measuring the feed intake of chickens have previously been 
presented in the literature (Hulsey and Martin, 1991; Yo et al. 1997; Savory and 
Mann, 1999; Gates and Xin, 2001; Puma et al. 2001; Persyn et al. 2004; Gates and 
Xin, 2008). For example, a new system which utilises a network of top-loading 
balances digitally interfaced to a Macintosh computer was developed by Hulsey and 
Martin (1991). Two forms of data which allow evaluation of the animal’s biting 
and/or licking behaviour in addition to cumulative food intake and meal patterns 
were simultaneously collected by their system. Another technique was developed by 
Yo et al. (1997) for evaluation of feed pecking in young chickens. Three different 
techniques were compared to define feed pecking by chickens. They conclude that 
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videotaping with slow-motion focal sampling (V) offers potential for studying food 
intake behaviour in chickens. In 2001, an instrumentation system which incorporated 
a precision electronic balance was developed by Puma et al. (2001) to study the 
dynamic feeding and drinking behaviour of individual birds. They concluded that the 
system can characterise dynamic poultry feeding and drinking behaviour. Another 
study quantified feeding behaviour of W−36 White Leghorn laying hens (77 to 
80 weeks old) as influenced by the management practice of beak trimming using 
weighing scales (Persyn et al. 2004). It was concluded that the results demonstrate 
the adaptability of the hen to beak trimming in terms of achieving its daily feed/
energy intake by varying its ingestion dynamics or pattern. In another study, two 
algorithms for determining individual bird feeding statistics and stereotyped pecking 
behaviour from time-series recordings of feed weight were developed by Gates 
and Xin (2001, 2008). Their research evaluated the effects of algorithm tuning 
parameters, including thresholds for changes in weight and sequential number of 
stabilised readings, arithmetic moving average for meal tare values, and the sampling 
frequency of feed weight recordings. They concluded that the lower sampling 
frequencies were acceptable for determining hourly (or greater) feed consumption. 
The results presented here are not directly comparable with previously published 
studies in the literature since their applications refer to feed weight recordings, 
which is different from the non-invasive sound-based methodology proposed in this 
paper. In any case the applicability of the approach should be tested under farm 
conditions for more accurate evaluation. However, applying the method under field 
conditions will probably introduce problems which may affect the accuracy of the 
algorithm. For example, sounds from the ventilation or feed dispenser will introduce 
new sounds besides pecking. This will affect the frequency content that is evaluated 
by the algorithm. However, these problems can be solved by studying and estimating 
the expected noise sequence and fine-tuning the algorithm. It should also be stressed 
that the values obtained apply to 39-day-old Ross-308 broilers. Animal age, strain 
and various pathological conditions are believed to affect the frequency content of 
pecking signals and require further investigation before the algorithm can be applied 
to the whole grow-out phase. It should also be stressed that although the algorithm 
was tested on 10 broiler chickens under laboratory conditions, the results showed 
that the algorithm will be extremely useful for studying the feeding behaviour of 
chickens in an objective way in future research.

Conclusions

This paper proposed an enhanced algorithm to detect the pecking sounds made 
by multiple broiler chickens while the birds were all eating together at a feeder. 
There was a very strong correlation between feed intake obtained with the algorithm 
and feed intake recorded by a weighing scale (R2 = 0.994). In addition to the 
close correlation, 86 percent of feed intake was correctly monitored using sound 
analysis. This means that sound monitoring could be used to define the feed intake 
of broilers. In addition to this, the results suggest that this continuous monitoring 
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system has the potential to be used as a tool to monitor the feeding behaviour of 
broiler chickens. The fact is that it brings a lot of practical advantages. The most 
important advantage of this system is that measurements can be made continuously 
throughout the life span of a flock, in a fully automated, completely non-invasive 
and non-intrusive way. The results also suggest that it will be possible to test the 
system in field conditions, due to its low cost and the applicability of the technique 
in the field. After the modifications required for implementation in a commercial 
broiler house have been made, the system will provide answers to a lot of questions 
and/or problems. For example; this system can be used to detect malfunctions in 
the feed supply in real-time or to assess the health and welfare of broiler chickens 
by automatic and continuous (7/24) monitoring throughout the lifespan of a flock. 
The real-time dynamic feed intake data provide an important basis for research 
on broiler feeding behaviour and welfare. Thus, future research should focus on 
sound-based technology to assess the health and welfare of broilers by accurately 
and continuously measuring feeding behaviours using sound monitoring under 
different commercial farm conditions. 
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Abstract

Poultry is one of the lowest cost sources of animal protein in the world and, more 
than 40 billion chickens are produced every year globally. For reasons of public 
concern and due to the large number of animals involved, it is considered by many 
people to be important to take care of the welfare and health status of the chickens 
reared under intensive farm conditions.
Precision Livestock Farming (PLF) can support the farmer in his day to day routine 
management through the use of sensors, cameras and microphones, and these have 
the potential to improve production and to enable monitoring of welfare status. In 
this context, the 7FP EU-PLF project aims to test the efficiency of the use of those 
sensors at farm level. In particular, the aim of this study was to record and analyse 
broiler vocalisations under normal farm conditions and to identify the relation 
between animal sounds, and growth trends.
Recordings were made at regular intervals, for the entire short production life of the 
birds, in order to evaluate the variation of frequency and bandwidth of the sounds 
emitted by the animals during the cycle of production. The recordings were made in 
an automated, non-invasive and non-intrusive way and the sound data was compared 
with the weight of the birds automatically measured by a ‘step on scale’ placed on the 
floor of the broiler house. Sound analysis was performed based on the amplitude and 
frequency of the sound signal in audio files recorded at farm level. Through analysis 
of the sounds recorded, a significant correlation (P<0.001) between the frequencies 
of the vocalisations recorded and the weight of the broilers was found across all 
production cycles and farms assessed. The ongoing goal will be the development of 
a tool able to automatically detect the growth of the animals based on the frequency 
of the vocalisation emitted by the birds at different ages, and as a possible tool for 
determining deviations from their expected growth trend.

Keywords: broiler, welfare, vocalisation, growth trend, frequency analysis, precision 
livestock farming



Precision Livestock Farming ‘15 175

Introduction

Poultry is one of the lowest cost sources of animal protein in the world and, the 
demand for chicken broiler meat is growing every year globally (Tullo et al., 2013). 

Broilers are among the fastest-growing farmed species (Weeks&Butterworth, 2004) and 
nowadays the poultry breeding is based on hybrid genotypes (Rizzi et al., 2013); indeed, 
this genetic selection, led to a reduced slaughter age and a higher final weight (Aerts 
et al., 2003; Rauw et al., 1998). Indeed, the progresses in farming technologies led to 
have broilers with a higher growth rate than before due to the controlled environment 
and the limited physical exercise (Rauw et al., 1998; Rizzi et al., 2013).
Since the breeding system is highly intensive, is important to take care of the welfare, 
health and productive status of the chickens both for reasons of public concern and 
due to the large number of animals involved (Tefera, 2012).

In close relation to chicken broiler production, growth trend is an important indicator 
to evaluate the body weight of the animals (Rizzi et al., 2013).

Thereby, the continuous monitoring of chicken weight provides useful information 
about the production cycle and the growth trajectory (Aerts et al., 2003) in order 
to identify possible deviation from the expected homogeneous growth trend of the 
birds (Mollah et al., 2010; Rizzi et al., 2013).

Nevertheless, the continuous monitoring is time consuming (Aydin et al., 2014; 
Fontana et al., 2014) and for this reason, Precision Livestock Farming (PLF) can 
support the farmer in his day to day routine management. Indeed, PLF has the 
potential to improve production and to enable continuous monitoring of animal 
health and welfare status using sensors, cameras and microphones (Ismayilova et al., 
2013; Tullo et al., 2013).

Applying PLF technologies, the aim of this study was to record and analyse broiler 
vocalisations under normal farm conditions to identify the relation between animal 
sounds and growth trends in two intensive broiler farms located in different European 
countries. The frequency analysis of the files recorded at farm level was performed 
to link the PF (Peak Frequency) of the sounds recorded and the weight of the birds.
The goal of this study is the development of a model used to predict the weight as a 
function of the PF (Peak Frequency) emitted by the broiler chickens.

Materials and methods

Data collection

Sound recordings were made at regular intervals, for the entire life of the birds, in 
two commercial broiler farms, one located in the UK (following the RTFA-ACP 
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standard) and the other one located in the Netherlands. Sound recordings were made 
during three production cycles, two collected in the UK farm and one collected in the 
Dutch farm. Sound recordings were made in an automated, non-invasive and non-
intrusive way in both the farms. 
In the UK farm, a professional handheld solid state recorder (Marantz PMD 661 MK 
II) was used, connected to a directional microphone (Sennheiser K6 / ME66” with a 
frequency response of 40-20,000Hz ± 2,5 dB). Depending on the height/age of birds, 
the microphone was placed at a height comprised between 0.4m and 0.8m, in order 
to keep the same distance among animals and microphones during the entire data-
collecting procedure.
The Marantz PMD 661 MK II recording machine had a large range of potential 
recording settings. The settings found to give the most sensitivity to bird sounds in 
the poultry house environment were:
Rec. Format: PCM-16, Stereo Sample Rate: 44.1k
Level Control.: Manual Low Cut: Off High Cut: Off
Sound recordings in the UK farm were made for one continuous hour during each 
experimental session from day 1 to day 38 of life of the birds. 
Sound recordings in the Dutch farm were performed with a commercially available 
system (Pig Cough Monitor- SoundTalks) that consists of a condenser microphone 
(type Behringer C4) and a sound card (type ESI Maya 44). The microphones used 
were phantom-powered and were connected using balanced audio, in order to allow 
the use of long cables with very limited susceptibility to the noise. The sound data 
were recorded with a precision of 16 bits and a sampling frequency of 22050 Hz. The 
sound card was mounted in an embedded board (x64 architecture), running a GNU/
Linux operating system. The embedded board was fanless and installed in a sealed 
enclosure to protect the system from the harsh environment. The microphone itself 
was protected with a thin and flexible plastic cover to withstand the harsh conditions 
in the compartment whilst at the same time not interfering with the sound acquisition 
in the frequency range of interest. The microphone was also covered by a round 
mortar tub, which was previously isolated with acoustic isolation foam. The foam 
absorbed unwanted surrounding sound and reduced the reflection. The microphone 
was placed at an average height of about 70 cm.
Broiler weights were collected automatically and continuously with a “step on scale”, 
placed on the floor of the houses, in order to follow the growth changes in the birds.
The entire data collection in the UK farm consisted in 16 days of sound recordings 
for round 1, 15 days of sound recordings for round 2 for a total of 55 h 20 min of 
recordings.
The entire data collection in the Dutch farm consisted in 42 days of recordings (24/7).  
In total 1008 h of recordings were collected during the round in the Dutch farm.
Only 18h of sound recordings, collected in days 1, 9, 16, 23, 30 and 37 were used 
during the sound analysis, to perform a comparison between the sounds collected 
during the rounds considered in both farms. The weights collected in conjunction 
with the days chosen for the sound analysis were included in the statistical analysis.
Sound analysis
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Sound analysis was performed based on the amplitude and frequency of the sound signal 
in audio files recorded at farm level.
Sound recordings were manually analysed and labelled using sound analysis software: 
Adobe® AuditionTM CS6. Every hour long recorded digital file was cut into shorter files 
of 10 minutes each in order to simplify the sound analysis.
Sound labelling involved the extraction and classification of sounds coming from the 
flock on the basis of the amplitude and frequency of the sound signal in the audio files 
(Tullo et al., 2013).
The labelling procedure was done offline via acoustic analysis combined with the visual 
observation of the spectrogram of the entire sound files (Ferrari et al., 2008).
The Fast Fourier Transform (FFT) was used to perform the frequency analyses using a 
Hamming window with a FFT dimension of 256 sampled points.
The frequency range was band pass filtered between 1,000 Hz to 13,000 Hz. The lower 
frequency limit was set at 1,000 Hz to remove the low frequency background noise and 
the upper limit was set at 13,000 Hz to cut off the high frequency noise and also because 
broilers are sensitive to a frequency range of about 60 to 11,950 Hz (Appleby et al., 1992; 
Tefera, 2012).
Audio datasets from the two farms were analysed in two different ways. The labelling in 
the UK farm was focused on the extraction of the peak frequency (PF= representing the 
frequency of maximum power) from individual vocalisation, while the extraction of PF 
from the Dutch farm was performed on the entire files.
Regarding the UK audio files, 600 individual vocalisations (50 sounds per day), chosen 
at random and selected from 12 days of recordings were manually labelled and analysed. 
For each vocalisation sound, the PF was manually extracted and averaged for the week 
of age of the birds.
Regarding the files recorded in the Dutch farm, the frequencies of maximum power (PF) 
were extracted considering the entire audio files, focusing the attention on the general 
sounds included between the lower (1000 Hz) and upper cut-off frequencies (13,000 Hz).

Statistical analysis

In a previous study (Fontana et al., 2014) the data from the UK farm were used to 
predict the variation in the PF according to the change of age of the birds (expressed 
in weeks) using the PROC REG (SAS 9.3) with the following model: PF= week

The regression coefficient was: 
PF= 3,861.3 - 402.6 * week (R² = 0.9844)     [1]

A paired t-test (PROC TTEST, SAS 9.3) was performed to evaluate the existing 
difference between the expected PFs obtained with the equation [1] and the observed 
values extracted from the Dutch audio files.

A correlation analysis (PROC CORR, SAS 9.3) was performed to evaluate the 
relation among PF values, age and weight of the birds collected once a week.
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According to the results obtained with the correlation, a regression analysis was 
done to predict the weight of the birds as a function of the PF. Finally, the PROC 
TTEST was used to verify the difference between expected weight and observed 
weight, and to evaluate the goodness of the model used.

Results and discussion

Table 1 shows the data collected during three rounds in the two farms.  For each 
round, the age of the birds, the PF (± St. Dev.) and the average weight (± St. Dev.) of 
the broilers are reported. The mean PF values of the UK farm are referred to average 
values obtained focusing the attention on individual vocalisations recorded at the 
same days of the production cycle during the two different rounds. Meanwhile, the 
PF values of the sounds collected in the Dutch farm were acquired considering the 
entire sound file recorded.

Table 1. Age of the birds, PF (± St. Dev.) and average weight (± St. Dev.) of the 
broilers collected in the three rounds in the two farms

UK farm Dutch Farm

Week Round Age
Mean PF 

(Hz) 
(± s.d.)

Mean 
weight (g) 

(± s.d.)
Round Age

Mean PF 
(Hz) 

(± s.d.) 

Mean
 weight (g) 

(± s.d.) 
Round Age

Mean PF 
(Hz) 

(± s.d.)

Mean 
weight (g) 

(± s.d.)

1 1 1 3545 
(± 365)

44.56 
(± 1.5) 2 1 3621

 (± 402)
40.72
(± 4.9) 1 1 3388 

(± 258)
55.6

(± 2.2)

2 1 8 3059
(± 94)

198.64 
(± 10.1) 2 9 2953

 (± 353)
231.42
(± 12.1) 1 9 2972

(± 0)
260.7

(± 11.36)

3 1 15 2618 
(± 360)

550.3 
(±21.7) 2 16 2474

(± 384)
608.66 
(±26.7) 1 16 2225

(± 130)
689.38

(± 16.09)

4 1 22 2329
 (± 605)

1039.5
 (±68.6) 2 23 1955

(± 520)
1092.84
(± 74.4) 1 23 2067

(± 47)
1103.26
(± 11.41)

5 1 29 1943
 (± 569)

1529.0 
(±120.5) 2 30 1902

(± 585)
1731.6

(± 130.3) 1 30 2024
(± 0)

1570.86
(± 11.86)

6 1 36 1506
 (± 434)

2104.28 
(±208.5) 2 37 1475

(± 493)
2275.44
(± 247.0) 1 37 1077

(± 0)
2022.11

(± 38.05)

In Table 2 observed and expected values of PF are reported. Expected values were 
obtained applying the equation [1]. The observed values were extracted on the entire 
file recorded in the Dutch farm.



Precision Livestock Farming ‘15 179

Table 2. Observed and Expected values of PF. Expected values obtained applying the 
equation: PF= 3,861.3 - 402.6 * week 

Week PF expected (Hz) PF observed (Hz)

1 3458.7 3387.89
2 3056.1 2971.59
3 2653.5 2225.1
4 2250.9 2067.19
5 1848.3 2024.12
6 1445.7 1076.66

A t-test was performed to test whether the expected values could be compared to the 
observed ones. The results (Figure 1) showed no significant difference (P-value= 
0.8807) between data, indicating that expected and observed values could be 
considered the same. Therefore, the manual labelling procedure of audio files can be 
accelerate since the PF of individual vocalisation and the PF of the entire audio file 
can be considered equivalent. Indeed, the background noises such as feeder and fans 
do not affect the frequency analysis of the sounds emitted by the broilers.

Figure 1. Results of the t-test used to compare PF expected and observed values. 

The correlation analysis was performed in order to find a relation among the PF of 
the sound emitted, the age and the weight of the birds collected once a week (Table 
3). As expected, the correlation between weight and age of the broilers was highly 
positive (0.97, P-value <0.001). Moreover, the correlation between the PF of the 
sounds and the age of the broilers resulted - 0.96. Since the correlation between the 
PF and the weight resulted highly negative - 0.92 (P-value <0.001), the frequency 
of maximum power might be used to predict the weight of the broilers. Indeed the 
decrease in the PF of the vocalisation emitted was inversely proportional to the 
increase in size of the birds during the rounds considered.
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Table 3. Correlations among the PF of the sound emitted, the age and the weight of 
the birds collected once a week. ***: P-values<0.001.

PF Age (week)

Weight -0.92213
***

0.96956
***

PF
-0.95754

***

  
Figure 3 showed the regression analysis performed to predict the weight of the 
broilers as a function of the PF emitted.
As it is shown in Figure 3 the weight of the broiler chickens is strictly dependent on 
the peak frequency of the vocalisations.
The regression model is significant (F= 90.90, P <0.001), indicating that the model 
accounts for a significant portion of variation in the data. The R2 indicates that the 
model accounts for 85% of the variation in weight.
The confidence interval of the observed values (between l95% and u95% in figure 3) 
shows  a 95% probability that the true linear regression of the population lay within 
the confidence interval of the regression line calculated from the sample data.
Figure 3. Linear regression to predict the weight of the broilers as a function of the 
PF emitted. l95% and u95% shows the 95% confidence interval of the observed 
values.
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The t-test was used to verify the difference between expected weight and observed 
weight, and to evaluate the goodness of the model used.
There was no significant difference between the expected values (weights estimated 
with the regression line) and the observed values (recorded during the three rounds 
of data collection), confirming that the weight could be predicted by the frequency 
analysis of the sounds emitted at farm level. 

Conclusions

The results of the present study confirmed how the PF of the sounds emitted by the 
broilers changes according to the age of the birds.
According to the results, the analysis of the audio files can be quickly performed since 
the PF of individual vocalisation and the PF of the entire audio file can be considered 
the same. The background noises such as feeder and fans do not affect the frequencies 
of the sounds emitted by the broilers.
The results indicate that the PF of the sounds emitted by the animals is inversely 
proportional to the age and the weight of the broilers. 
The model used to predict the weight as a function of the PF confirmed that the weight 
could be predicted by the frequency analysis of the sounds emitted at farm level.
The simplification of the labelling procedure of the audio files joined with the 
development of a prediction model of the weight could be the basis for the creation 
of an accurate weight prediction algorithm based on sounds emitted by the broilers.
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Abstract

Image processing systems have been widely used in monitoring livestock for many 
applications. The primary goal of this work was to implement an image processing 
system for use in an Environmental Animal Preference Chamber to detect hen 
navigation between four compartments of the chamber. One camera was installed 
above each compartment to produce top-view images of the whole compartment. 
An ellipse-fitting model was applied to captured images to detect whether the hen 
was present in a compartment. During a choice-test study, mean ± SD success 
detection rates of 95.9 ± 2.6% were achieved when considering total duration 
of compartment occupancy. The above technique was used to monitor ammonia 
aversion in the chamber. As a preliminary pilot study, different levels of ammonia 
(0, 10, 20 or 40 parts per million) were applied to different compartments while 
hens were allowed to navigate between compartments. Using the automated 
monitor tool to assess occupancy, a negative trend of compartment occupancy with 
ammonia level was revealed, though further examination is needed.

Keywords: Animal behavior, Laying hen, Choice test, Ammonia aversion, 
Occupancy analysis

Introduction

Behavior is used to assess health through the clinical and pre-clinical assessment 
of pain, injury and disease in livestock animals. This is not only carried out through 
on-farm assessment, but also through the use of choice and preference tests (Scholz 
et al., 2010) in conjunction with new technology.

In recent years, image processing technology has been widely used in precision 
livestock farming and in supply chain management to identify, track, and monitor 
behavior and health status of agricultural animals (Kashiha et al., 2013b). For 
instance, image processing systems have proven effective for monitoring animal 
feeding and/or drinking behavior (Kashiha et al., 2013a), growth and activity 
(Leroy et al., 2006).

In case of choice-tests, animals are provided with multiple choices to determine 
their preferences. Researchers previously used Radio Frequency Identification 
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(RFID) to monitor animals in choice tests. Sales (2012) implemented and 
evaluated such system for use in an environmental animal preference chamber 
(EPC) to detect hens transiting between compartments of the EPC. The system 
faced difficulties since conflicts were caused by multiple RFID tags within the 
same detection zone. More recently, image processing-based tracking methods 
have been used in tracking animals tested with choice-tests (Straw et al., 2011). 
Accordingly, the objective in this study was to evaluate the performance of an 
image processing system (IPS) applied within a stainless-steel EPC for poultry, 
by performing the following tasks:
•	 Tracking hen navigation through detection of a hen navigating the 

compartments.
•	 Comparing this to Human Video Observations to identify potential image 

processing misdetections and their causes.
•	 Validating choice-test study positioning data, which consisted of collecting 

occupancy data and videos from a choice-test study with a bird and comparing 
the detected events.

An immediate application for this system is ammonia aversion (Sales, 2012). In 
periods of extremely cold weather, energy conservation in a laying house usually 
results in a restricted ventilation rate and an increase in air pollutants particularly 
ammonia which can cause a significant loss in egg production (Cotterill and 
Nordskog, 1954). Therefore, in a preliminary pilot study, the image analysis 
system was employed to investigate ammonia aversion by laying hens through 
monitoring compartment occupancy. This is based on the hypothesis that hens 
tend to prefer compartments with lower ammonia concentration (Sales, 2012).

Materials and Methods

Environmental Preference Chamber
An EPC comprised of four stainless steel compartments (1.2 m x 1.2 m x 1.2 
m occupancy space, with conical subfloor and attic space) was located at the 
Environmental Research Laboratory of the University of Illinois at Urbana-
Champaign, USA. Further details on the design, development, specifications of 
the hardware and operation of the EPC have been documented by Sales (2012) 
and Sales et al. (2013).

A video camera was mounted from each cage’s ceiling above the bird area in 
the center at a height of 46 cm. Cameras were equipped with a motion detection 
system and a compartment image with no pixel movement was replaced with a 
blank screen as illustrated in figure 1a. There were four cameras and four images 
which were stitched as shown in this figure. Side-view of the setup is shown in 
figure 1b.

Video set description
In total 16 (days) x eight (hours; average of events per day) x 3,600 (seconds in one hour) 
= 460,800 frames were considered for continuous data analysis. Out of this video set, 20 
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(sessions) x 30 (minutes per session) x 60 (seconds in a minute) or 36,000 scan samples 
were obtained and used for algorithm development. This represented a rate of 7.8 % of 
labelling (visual observation of videos by animal scientists).

Tracking hen navigation
In order to detect the hen in a compartment, captured frames were analyzed offline 
using the IPS. The main task for this IPS was to eliminate the background and to 
extract top-view hen body through image binarisation. The binarisation procedure 
was implemented as follows: 1) The image was filtered using a 2-D Gaussian 
low-pass filter; 2) A global threshold was calculated using Otsu’s method (Otsu, 
1979); 3). The image figure 1a was subsequently equipped with a hard threshold 
resulting in figure 2a; 4) To remove small objects such as compartment grid and 
edges from the image, a morphological closing operator using a disk-shaped 
structuring element with a size of 10 pixels (Gonzalez and Woods, 2001) was 
subsequently applied. Conducting this operation resulted in figure 2b.

Next, each image was segmented in order to determine the location of the hen. 
To segment the image, the hen body was extracted as an ellipse (Zhang et al., 
2005) within each pen. The procedure for fitting ellipses to the binary image as 
displayed in figure 2b was as follows: 1) Using the direct least squares ellipse-
fitting method (Zhang et al., 2005), ellipses were fitted to objects in the image; 
2) Ellipse parameters such as “Orientation”, “Major Axis Length”, “Minor Axis 
Length” and “Centroid” were calculated for all objects located in the image. To 
avoid incorrectly identifying other shapes in the pen as birds, a minimum of 360 
or 150 pixels and a maximum of 80 or 30 pixels were considered for the major and 
minor axes of an ellipse, respectively. A hen entering or exiting a compartment 
was detected using the above thresholds. Figure 3a illustrates these parameters 
and figure 3b shows the ellipse fitted to the hen body.

Figure 1.a. Screenshot of the EPC video monitoring system; b. Cross-section of a 
cage showing side view of the test bird area. (Schematic courtesy of (Sales, 2012)
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Figure 2. a. Binarised version of figure 1a; b. binarised image (part a) after applying 
morphological operators

 

 

Figure 3. a. Ellipse parameters; b. Ellipse fitted to the partial hen body from figure 2b

Ellipse fitting
Since hens in the image are similar to an ellipsoidal shape, an ellipse fitting algorithm 
was implemented to approximate every hen in order to separate or locate them. An 
ellipse is a conic that can be described by an implicit second-order polynomial:

 (1)

with an ellipse-specific constraint:

 (2)

where a, b, c, d, e, f are coefficients of the ellipse and (x, y) are coordinates of 
sample points on it. The polynomial F(x, y) is called the algebraic distance of a point 
(x, y) to the conic F(x; y) = 0. By introducing vectors
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 (3)

where T is the transpose operator, then Equation (1) can be rewritten in vector 
form as:

 (4)

Fitting an ellipse to a general conic can be accomplished by minimizing the 
algebraic distance over the set of N data points in a least-squares sense. To ensure 
an ellipse-specificity of the solution, because vector a can be arbitrarily scaled, the 
following constraint equation can be considered instead of equation 2 (Fitzgibbon et 
al., 1999):

 (5)

This constraint could be expressed as aTCa = 1, where constraint matrix C is of 
the size 6 × 6:

 (6)

Vector a can be calculated based on the following equations:

 (7)

Where S is the scatter matrix of the size 6 × 6, and λ is an eigenvalue for S:

 (8)
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and the design matrix D of the size N × 6 is

 (9)

The ellipse-specific fitting problem can be solved by minimizing constraint, 
 under the constraint equation 5. Introducing the Lagrange multiplier 

leads to system equation 7, which is a generalized eigenvector system. The chosen 
eigenvector ak (k is the eigenvector number) corresponds to the minimal positive 
eigenvalue. The minimum of  is then directly given by equation 10.

 (10)

Subsequently, the solution of the minimization problem represents the best-fit 
ellipse for the given set of points. Each time, six edge sample points were randomly 
selected from the ordered edge points list for one ellipse fitting. The result of finding 
fitted ellipses is shown in figure 3b.

Thereafter, ellipse parameters for all objects in the image were calculated. Figure 
3a illustrates these parameters and figure 3 shows the ellipse fitted to the hen body 
that could be detected in a compartment using this method. The other smaller blobs 
in the figure were ignored since their size was below thresholds.

Comparing the IPS to Human Video Observations
Every second of occupancy detection resulted from the IPS was compared with the 
same second result achieved from Human Video Observations. Here summary of 
statistics were compared instead of a statistical comparison.

Occupancy behavior was defined as the appearance of 20% of the top-view body 
area of an average hen, which was equal to 14,000 pixels for the physical arrangement 
in which the experiments carried out. Average area error of this method is 2.5 cm2. 
If no hen was present in a compartment or less than the object area mentioned above 
was detected, that compartment was considered to be empty.

Validating choice-test positioning data: Ammonia aversion study
After developing the IPS technology explained above, the whole data set, namely 
460,800 frames, was analyzed to investigate ammonia aversion behavior. Each 4-day 
choice test consisted of two different phases of data collection: acclimation (2 days) 
and treatment (2 days).
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During the acclimation phase, the hen had time to adapt to the environment in the 
EPC and learn to navigate between compartments with no ammonia assignment. In 
the treatment phase, ammonia concentration of 0, 10, 20 or 40 ppm was randomly 
assigned to each compartment as shown in table 1. During these periods, the video 
of each compartment was captured and occupancy by the hen was assessed using 
the IPS. As shown in the table, the experiment was carried out in four replications. 
In each replication, setup and timing was kept identical while different ammonia 
concentrations were randomly applied to different compartments during treatment 
phases. This helped to cancel the effect of compartment choice for a certain level of 
ammonia. 

Data were summarized per replication. In each replication, total occupancy 
percentage was calculated for each compartment per day. If a hen was not documented 
in any compartment, it was assigned to be in a passageway between two compartments. 
Subsequently, statistical summary of occupancy percentages was compared among 
the compartments for each day and phase. Finally, a correlation between occupancy 
in compartments per phase and applied ammonia concentration on the same phase 
was sought. All compartments were designed and kept in identical situations, thus 
no compartment effect was included in the assessment and correlations between 
occupancy and compartment were not calculated.

Results and discussions

Algorithm Development
The IPS registered 95.9 ± 2.6% of the actual occupancy during trials and 4.2 % 
± 3.0 % false occupancy was reported by the IPS. These detection success rates 
showed that automated video monitoring is suitable for precisely monitoring 
occupancy of compartments in the EPC. Misdetections were observed and were 
related to 1) the inaccurate segmentations, which were due to variable illumination 
and similarity of the background to the hen’s top-view image; 2) the hen moving 
faster than the IPS could detect. Higher data quality, e.g. color or 3D image, might 
provide a more robust detection system. Installing the camera at an increased height 
and using color camera could solve mentioned problems. The former will provide a 
broader camera field of view, and the latter will help to improve image segmentation.

Continuous video analysis for ammonia aversion analysis
Table 1 shows average occupancy of each compartment in percentage for each period 
and figure 4 illustrates this parameter for the whole experiment.

For most of acclimation stage, hens picked a specific “home” compartment, 
meaning that she spent most of her time in one compartment (table 1). The “home” 
compartment was not the same compartment among the four hens tested. Based on 
results presented in table 1 and figure 4, occupancy was lower for compartments 
with 40 ppm of ammonia concentration while it was higher for 20 ppm compared 
with lower levels. Moreover, correlation of occupancy with ammonia for data points 
shown in table 1 was -16.47 per cent (not significant at alpha=0.05). Although this 
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correlation is insignificant, it demonstrates a trend that hens avoided compartments 
with a higher (more than 20 ppm) level of ammonia. Additional replications are 
needed to form a stronger conclusion regarding hen behavioral responses to ammonia 
in a choice test.

This initial application of the IPS for assessing occupancy during a choice test 
demonstrates the successful implementation of an automated system for image 
analysis for occupancy.

Table 1. NH3 concentration (in ppmv: part per million by volume) vs. occupancy (in 
percentage) of four EPC compartments during 16 days of the experiment. Occupancy 
in passageways summarizes the time when the hens were not detected in the quad 
compartments. Four hens represent the replication; Occ. = Occupancy , Comp. = 
Compartment NW = North West, NE =North East, SW = South West and SE = South 
East

R
ep

.

Stage Day
NW Comp. NE Comp. SW Comp. SE Comp. Passage

ways

NH3
Occ. 
(%) NH3

Occ.
(%) NH3

Occ. 
(%) NH3

Occ. 
(%)

Occ. 
(%)

1 Acclimation 1 1,2 0 4 0 15 0 6 0 3 72

Treatment 1 3,4 40 0 20 0 10 5.5 0 71 23.5

2 Acclimation 2 5,6 0 0 0 0 0 74 0 21 5

Treatment 2 7,8 0 42.5 10 0 20 50 40 3 4.5

3 Acclimation 3 9,10 0 98 0 0 0 0 0 0 2

Treatment 3 11,12 10 36.5 40 0 0 61 20 1 1.5

4 Acclimation 4 13,14 0 99 0 0 0 0 0 0 1

Treatment 4 15,16 0 1.5 40 14.5 10 0 20 84 0

Figure 4. Average occupancy of the compartments vs. NH3 concentration in the EPC;
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Conclusions

Overall, the IPS performed well in a stainless-steel enclosure containing a hen with 
cameras installed above the compartments. To identify potential image processing 
misdetections and their causes, results of automated tracking were compared to Human 
Video Observations. During a choice-test study, mean ± SD success detection rates 
were 95.9 ± 2.6% for an individual bird when measuring compartment occupancy.

To validate choice-test positioning data in an application, the IPS introduced in 
this work was subsequently employed to monitor laying hen ammonia aversion. The 
initial hypothesis was that hens tended to prefer a compartment with lower ammonia 
level and avoid those with higher levels. Results obtained in this work revealed 
a trend for aversion of 40 ppm ammonia, but no aversion for 20 ppm or below. 
Differences observed were not significant, and additional examination including 
additional replications should be completed to strengthen the analysis.

In conclusion, this technology is suited for types of choice tests where a top view 
camera is of use. For future studies, using color or 3D cameras and employing an 
identification technology may contribute to improving IPS performance in the EPC.
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Abstract

The aim of the overall study was to evaluate the potential for using automatic 
measurements of distribution and activity and to investigate whether this method 
can be used to assess the human-animal relationship in broiler flocks. A good 
relationship between the stockman and his/her animals has been proven to have a 
positive effect on production and animal welfare parameters. In broiler chickens 
the quality of the human-animal relationship is related to fearfulness of the birds 
and can be measured by various tests. One such method, the Avoidance Distance 
Touch Test, is included in the Welfare Quality® welfare assessment protocol for 
broilers. Although physical contact between farmer and animal is rather limited 
in broiler flocks, studies show that the fear level of broilers varies as a result of 
the farmer’s behaviour and routines and this has an effect on both productivity 
and welfare. 

In this pre-study, the human-animal relationship was assessed on one broiler 
farm in Italy using the Avoidance Distance Touch Test as the gold standard. 
Activity and distribution of the animals were recorded using video imaging 
technology. These data were gathered before, during and after a trained assessor 
walked through the broiler flock, mimicking in a standardised way the daily 
check that a farmer would perform. The hypothesis was that the time that it takes 
for the animals to return to their normal activity and distribution levels, after 
being disturbed by human presence, would reflect the fear of humans. Increased 
activity for a longer period would indicate high fear levels. 

Key words: welfare, human-animal relationship, broiler, activity, distribution

Introduction

Compared to other livestock species, broiler chickens have very little physical 
contact with the stockman. Notwithstanding the lack of intensive physical 
contact, studies have shown that the relationship between the birds and their 
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caretaker has an effect on both productivity and welfare parameters (Hemsworth 
et al. 1994, Barnett et al. 1994, Cransberg et al. 2000, Waiblinger et al. 2006). 
One method of assessing the quality of the human-animal relationship in a broiler 
flock is a combination of an avoidance distance test and a touch test, in which the 
birds’ response to an approaching human is measured. A test of this nature was 
developed and evaluated in the Welfare Quality® project which was launched 
in 2004 with the aim of developing standardised methods of monitoring and 
improving animal welfare in livestock production (Blokhuis et al. 2010, Welfare 
Quality®, 2009).

The task of performing a welfare assessment according to the Welfare Quality® 

protocol can be demanding on resources in terms of  both time and money. The 
assessor needs to be trained and must travel around between livestock units, which 
also could be considered a bio-security risk. In the case of broiler chickens the 
assessment is performed at the end of the rearing period, which means that there 
is no time to improve welfare problems that may have occurred. Improvements 
can be implemented to prevent the same problem from occurring in future flocks, 
but the harm is already done in the present flock. The introduction of an automatic 
method which is capable of assessing welfare continuously would be a solution 
to the abovementioned problems. 

The aim of this pre-study was to take a first step towards evaluating the potential 
for using automatic measurement of activity and distribution, obtained using the 
eYeNamic-system (Fancom BV, The Netherlands), to assess the human-animal 
relationship in commercial broiler flocks. 

Materials and methods

The data for this paper were collected from one commercial broiler farm in 
Italy during two consecutive flocks. The procedure was performed three times 
during the production period for each flock, at the age of 3, 4 and 5 weeks. 
The animal welfare parameter tested was the human-animal relationship, which 
was measured by the gold standard Avoidance Distance Touch Test. Measures of 
activity and distribution were also generated automatically using the video-based 
eYeNamic system (Table 1.).

Table 1: The parameters measured in the experiment

Animal
welfare parameter

Gold
Standard

Automatic
recording

Human-animal relationship Avoidance distance 
touch test (ADTT)

Activity-
and distribution index
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Assessment procedure

Automatic recordings from the eYeNamic system were collected from 10 minutes 
before the start of the experimental procedure until 15 minutes after the assessor 
left the house (see below). The camera used for this experiment was hanging 
on the ceiling close to the entrance. No disturbance of the broiler flock was 
permitted during this period. After 10 minutes the assessor entered the house, 
walked along the long side of the house (close to the outside wall), turned at the 
short side of the house and walked in a straight line through the middle of the 
house below the camera (Figure 1). After the walk-through procedure, the flock 
was left alone without any disturbance for 15 minutes. 

Figure 1: The procedure of walking through the broiler flock. 

Avoidance distance touch test

The Avoidance Distance Touch Test (Welfare Quality®, 2009) was used as 
the gold standard to assess the human-animal relationship. A trained assessor 
approached a group of at least three birds, sat down for 10 seconds and counted 
the number of broilers within an arm’s length. The assessor then counted the 
number of birds that could actually be touched. This was sampled 21 times in 
every assessment session. 

Automatic recording

The eYeNamic system was used for automatic recording in this experiment. 
The eYeNamic system is an image pre-processing tool which was developed for 
livestock monitoring (Fancom BV, The Netherlands). In this experiment, only 
one camera from the eYeNamic system was used to collect data. The system 
delivered data on activity and distribution of the animals with a frequency of 
three recordings per minute. 
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Results and discussion

Figure 2 shows one representative example of the changes in the activity index over 
time during an assessment period (example is from week 3). The two dotted lines 
indicate when the assessor entered and left the bird flock. For the period between 
the lines it is clear that the presence of a human disturbs the flock and increases 
bird activity. But it is also important to remember that the eYeNamic system does 
not distinguish bird pixels from human pixels, which means that the activity index 
during the walking procedure includes the movement of the human. Therefore, when 
seeking a correlation between human-animal relationship and the activity index, the 
focus will be on the time before and after the presence of a human. The period from 
the point when the human leaves the house until the activity decreases to the levels 
before the disturbance is of great interest for further investigation. 

Figure 2. A representative example of the activity pattern in broilers during the 
experimental procedure. The dotted lines indicate when the assessor entered and left 
the house. 

A representative illustration of the distribution index during the experimental 
procedure is presented in Figure 3 (week 3 of age). The dotted lines represent the 
time when the human entered and left the house. The distribution of the broilers 
seems relatively stable when the human enters and walks along the long side of the 
building (Figure 3). A clear drop in the distribution index occurs at the moment when 
the assessor leaves the house. This could be explained by the fact that the human 
passes directly below the camera at that point, forcing the broilers to move away. 
The amplitude of the drop in the distribution index at the time when the human 
passes below the camera is of great interest for further analysis of the potential for 
using that measure to assess the human-animal relationship. A large decrease would 
indicate that the animals move further away from the human than is the case with 
a small decrease. Such differences could be an indicator of the level of fearfulness, 
as the avoidance distance from humans can be used to assess the human-animal 
relationship (Graml et al. 2008, Waiblinger et al. 2006, Raubek et al. 2007).
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Figure 3. A representative example of the distribution index during the 
experimental procedure. The dotted lines indicate when the assessor entered and 
left the house.

The preliminary results from the avoidance distance touch test show (Figure 
4) that a small proportion of animals approached could be touched at three 
weeks and a higher proportion at 4 and 5 weeks. This could be interpreted as an 
improvement in the human-animal relationship during the rearing period, but 
may also be affected by the increasing size of the birds which reduces the space 
available to move away from the human. 

Figure 4. The proportion of animals that could be touched during the avoidance 
distance touch test, during three assessments and two flocks. 

For the activity index and distribution index, the changes over time are similar 
to those for the human-animal relationship, with less distinct responses to the 
walk through and less variation later in the rearing period. This could be an 
indicator that automatic assessment to estimate the quality of the human-animal 
relationship should be carried out at an early stage in order to give more accurate 
results. However, the effect of age and stocking density needs to be investigated 
in more detail before such conclusions can be drawn. 
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Conclusions

The results from this small pre-study show that there is potential to use the activity 
index and the distribution index to assess the human-animal relationship in broiler 
flocks. More data from conventional broiler farms will be collected and analysed to 
investigate whether a reliable indicator to predict the human-animal relationship can 
be found. 
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Abstract 

The ambient temperature influences the performance of birds by altering the rate 
of feed consumption, welfare, productivity, the maintenance requirement and 
behaviour. Traditionally, behaviour is studied by means of visual observations 
of the animals but the responses obtained are not reliable as the presence of 
a human may inhibit the natural behaviour of the birds. The objective of this 
study was to evaluate the relationship between ambient temperature and eating 
frequency at the feeders by analysing images. The experiment was conducted 
in climate chambers with one-day-old male broiler chickens, divided into five 
treatments with different thermal environments, Comfort Literature (33°C) 
Comfort Cassuce (30°C), Cold Light (27°C), Cold Moderate (24°C) Cold Severe 
(21°C). The images were processed and analysed with the aid of the MATLAB 
7.12® computer program. First, image segmentation was carried out, defining 
the area of interest (feeders), and then the frequency of the animals in this area 
was determined. The algorithm was validated using data obtained from visual 
analysis of the video generated. The most stressful environments for cold, severe 
cold and moderate cold temperatures had the highest frequencies at the feeder 
when compared to the comfort temperatures.

Keywords: broilers, cold stress, digital image, image, thermal comfort

Introduction

The Brazilian poultry industry is one of the strongest in the world and has grown 
continuously over recent years thanks to advances in genetics and nutrition 
and the modernisation of production systems. It has also started to consider the 
management of issues related to the housing environment and animal welfare.

The production environment plays a fundamental role in modern poultry 
farming, which aims to achieve high productivity in conditions where space and 
time are limited. Among other factors, the thermal environment, represented by 
temperature, humidity, air velocity and radiation, has the greatest effect on the 
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animals because it compromises the most important vital function of the birds 
which is the maintenance of body temperature (María et al., 2004). At relatively 
constant levels, ambient temperature also influences the performance of birds by 
changing the feed consumption rate, wellbeing, productivity and maintenance 
requirements (Medeiros et al., 2005). Outside the comfort zone, there is a 
reduction in productive performance, reproductive performance and resistance 
(Cordeiro et al, 2011; Macari et al, 2002).

In the early stages of growth, broilers are more vulnerable to stress-related 
problems caused by cold because their thermoregulatory system is not fully 
developed. As a result, broilers may suffer from hypothermia when exposed to 
thermal conditions with temperatures below those considered ideal in relation to 
bird age (Gomes et al., 2011).

The influence of the environment on animals can be checked by analysing 
behavioural patterns according to the different environmental situations in which 
they find themselves. According to Navas (2014), animals in cold stress conditions 
have a behavioural pattern which includes a reduction in water consumption, an 
increase in food intake and a tendency to group together in order to reduce the 
rate of body heat loss to the environment.

Analysis of bird behaviour over a certain period of time helps the researcher 
to assess the environmental effects on animals. It is important to use proper 
techniques to monitor animal behaviour, seeking more precise analysis of 
behavioural patterns (Saltoratto et al., 2013).

Traditionally, the study of animal behaviour is based on visual observation of 
the animals. This is time-consuming and analysis is subjective and susceptible to 
human error. Moreover, the presence of a human may inhibit or modify broiler 
behaviour (Amaral, 2012). Several studies have demonstrated the feasibility of 
using artificial vision systems to analyse animal behaviour (Mogami, 2009; Aydin 
et al, 2010; Amaral, 2012; Kashiha et al, 2013; Saltoratto et al., 2013). According 
to Amaral (2012), the use of artificial vision systems to analyse behavioural 
patterns in birds is an efficient and reliable research method, supporting evaluation 
of the inter-relationship between the animal and its environment.

Based on the above, this study aimed to evaluate the feeding behaviour of day-
old broilers in climatic chambers under different thermal conditions, with the aid 
of artificial vision systems and digital image processing techniques. 

Material and methods

The experiment was carried out in climatic chambers located in the experimental 
area of the Center for Research in Ambience and Farming Systems Engineering 
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(AMBIAGRO) of the Department of Agricultural Engineering, sector of 
Construction and Rural Ambience of the Universidade Federal de Viçosa, located 
in Viçosa, Minas Gerais, Brazil. Its location is as follows: latitude 20°45’ south and 
longitude 45° 52’ west, with an average altitude of 712 m.

375 one-day-old, male broiler chicks of the Cobb strain were used, over the period 
from 1 day to 6 days old. They originated from the same laying farm and hatchery. 
For the first 6 days, 15 birds per cage were housed at a density of 30 broilers/m2.

The animals were raised in cages with coffee straw litter in order to simulate the field 
environment. Five treatments were tested during the experiment, which consisted 
of: thermal comfort literature (33°C), thermal comfort Cassuce (30°C), mild cold 
(27°C), moderate cold (24°C) and severe cold (21°C).

Four video cameras were installed in each climatic chamber. They each had a 
minimum resolution of 420 lines and a lens with a focal length of 3.6 mm and were 
connected to a computer by two 16-channel image capture cards. The video cameras 
were installed in the ceiling of the climatic chamber, facing towards the centre of the 
cage. They generated videos with about 30 frames per second which were stored for 
later analysis.

Images recorded over 5 days were analysed in order to evaluate feeding behaviour. 
The images obtained during the experimental period were processed and analysed 
with the MATLAB 7.12® computer program. The first step in the analysis was to 
load and read the images in MATLAB® using Image Processing Toolbox™. The next 
step was to convert the images into grayscale and apply a Gaussian low pass filter to 
improve the image quality, smoothing edges and reducing image noise. When these 
procedures were complete, we started image segmentation and definition the area of 
interest (feeders) and then thresholding was carried out using Otsu’s method (Image 
1). The processed images were used to assess the feeding behaviour of the birds in 
different thermal environments by evaluating the sequence of images and checking 
the frequency of birds at feeders. This frequency was assessed by counting the time 
that the birds remained at the feeders. 
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(A)                                   (B)

(C)                                    (D)

                                                  

Figure 1. Schematic representation and figures of image processing steps, (A) 
original image; (B) grayscale; (C) Gaussian low pass filter; (D) segmentation; (E)  
thresholding by Otsu’s method

Results and discussion

Table 1 shows the feeding frequency values and average body weight with the 
standard deviation of broilers in each treatment evaluated.

Table 1. Feeding frequency values and average body weight with the standard 
deviation of broilers in each treatment evaluated

Treatments Temperature 
(°C) 

Feeding 
frequency (%)

Body 
weight (g)

Thermal comfort literature 33 66.5  218.,1 ± 3.9 
Thermal comfort Cassuce 30 60  236.2 ± 3.2 
Mild cold 27 61  238.0 ± 2.5 
Moderate cold 24 72.5  217.0 ±4.6 
Severe cold 21 72  218.0 ± 4.5 

 

(
E
) 
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It was found that some treatments tended to have better weight gains and less frequent 
visits to feeders: These were the Moderate Cold and Thermal Comfort Cassuce 
treatments, when ordered from best to worst.

It was observed that the Moderate Cold and Severe Cold treatments had the highest 
feeding frequencies combined with a lower mean body weight. Broilers subjected to 
cold stress tend to eat more in order to produce energy to maintain body temperature, 
because in their first week of life the thermoregulatory system is fully developed. 
This can be seen in this experiment, as the chicks subjected to the treatments with 
stress due to moderate and severe cold exhibited the highest frequencies at the feeders 
(Table 1), but this increased food intake did not result in weight gain as they use their 
energy to maintain body temperature (Cordeiro et al., 2011; Macari et al., 2002). 

Stress levels due to severe cold were very detrimental to weight gain and the frequency 
of visits to the feeder increased at lower temperatures which were considered to 
represent cold stress. The higher frequency of visits to the feed containers, compared 
with the Thermal comfort Cassuce and Mild cold treatments, resulted in no weight 
gain. These data differ from those found by Medeiros et al. (2005) who reported a 
43% reduction in food intake by chickens housed in hot environments. Heat stress 
in broilers increases energy expenditure, resulting in a lower weight gain. These data 
corroborate Cassuce (2011) who noted that the body weight of birds was lower in 
stress conditions. 

Conclusions

Broilers subjected to severe to moderate cold stress increased the frequency of visits 
to the feeder (72%) compared with broilers which were kept in an environment with 
a comfortable temperature (60%).
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Abstract 

Two of the main factors that broiler farmers consider during daily visual checking 
of flock performance are the activity and distribution patterns exhibited by chickens 
during the farm visit. Precision Livestock Farming (PLF) technologies make it 
possible to monitor these flock behaviour indicators in a continuous and automated 
way in the house, 24 hours a day and 7 days a week. The aim of this study was to 
show how monitoring of the activity and distribution of the flock can be used to check 
its welfare status. In a commercial broiler house four top-view cameras were used to 
generate a visualisation of the floor area. The cameras recorded images continuously 
during the light periods of each growing cycle and these images were translated 
into activity and distribution indexes per minute. Monitoring of the activity and 
distribution indexes through successive light periods for different cycles was linked 
to welfare quality assessment scores assigned by human experts, showing that the 
activity and distribution correlate with broiler welfare scores.

Keywords: broilers, activity, distribution, behaviour, welfare, precision livestock 
farming

Introduction

Global demand for livestock products will increase by 70% by 2050. Chicken 
meat is one of the lowest-cost means of providing food with high-quality protein 
and a low level of fat with a desirable fatty acid profile, as well as being the most 
environmentally friendly meat to produce (FAO, 2014). 

In more and more countries, farming methods have shifted from extensive to 
intensive, involving the breeding of thousands of animals and a more industrialised 
and commercially oriented process. As a result, farmers are losing contact with 
their animals and having to spend more time dealing with administrative, technical, 
organisational and logistical matters. To overcome this situation, Precision Livestock 
Farming (PLF) technology can support farmers in their daily animal management 
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routines by monitoring farm animals continuously throughout their life in an 
automated, non-invasive, non-intrusive way, without inducing additional stress in 
the animals (Tullo et al. 2005, Berckmans 2008).

Two of the main factors which broiler farmers consider in relation to the performance 
and status of the flock are the activity and distribution patterns of chickens on a daily 
basis. Several studies described in the literature have used camera-based technology 
successfully to monitor activity and distribution in broilers, both at experimental and 
commercial level (De Wet et al. 2003, Dawkins et al. 2012) and an early warning 
system to monitor changes in activity and/or distribution patterns has been developed 
(Kashiha et al., 2013). Other studies have investigated the relationship between these 
deviations and the assessment of broiler chicken welfare (Weeks et al., 2000, Aydin 
et al. 2010, Dawkins et al. 2013).

The aim of this study was to determine whether the results of automated monitoring 
of activity and distribution of the flock throughout the growth period on a commercial 
farm relate to the welfare scores obtained in assessments by human experts. 

Animals, materials and methods

Animals and housing

A commercial broiler farm located in The Netherlands was used for this study. Five 
complete growing cycles were monitored. The broiler flocks in each cycle contained 
between 27,300 and 27,800 birds of genotype Ross 308. The animals were housed 
in a concrete floored house (1298 m2) with underfloor heating (first ten days), pad 
cooling and minimum transitional tunnel ventilation. During the rearing period, five 
types of feed pellet were allocated in succession. Wheat was mixed with the feed, and 
increased gradually (1%) during the rearing period. Drinking water was provided ad 
libitum by nipples with cups. Daily light schemes were divided into four blocks of 
six hours, with a two-hour dark period in each block.

Recording system

In the house one eYeNamicTM system with four cameras (Fancom BV) was used 
in order to record image data every minute during every light period of the cycle. 
eYeNamicTM is a top view camera system that measures the activity and distribution 
of the birds. It generates a visualisation of the floor area and image analysis software 
translates the acquired images into activity and distribution indexes. These indexes 
are a measure of animal movement and position. Data collection consists of collecting 
two raw images per minute. Every raw image is divided into squares, which equate 
to a 1m by 1m square at floor level for the poultry, (Figure 1) with a total surface area 
of 70 m2. The data produced by the eYeNamic™ software is an activity and distribution 
value for each square.
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In this study, the activity and distribution of the flock were analysed at both house and 
camera level. The activity and distribution indexes supplied by each individual camera 
in the house were used to carry out analysis at individual camera level, while an average 
index derived from all the individual camera indexes of activity and distribution was 
calculated in order to work at complete house level.

Figure 1: eYeNamic Matrix that divides the raw input image into 1m by 1m squares

Assessments of broiler chicken welfare 

For each cycle, three assessments of broiler chicken welfare were performed in weeks 
3, 4 and 5. These assessments were performed according to the standardised Welfare 
Quality® assessment protocol for broiler chickens. This study used the welfare scores for 
foot pad lesions, hock burns and gait. The assessor specified the different locations in the 
house where he carried out scoring so that comparisons could be made not only between 
the scores and the activity and distribution at complete house level but also between the 
scoring results gathered in an area near to each individual camera in the house.

Data analysis

The early warning system described by Kashiha et al. (2013) was used to detect changes 
in the activity and distribution patterns exhibited by the flock during each growing cycle, 
both at complete house and individual camera level. The alerts raised by the system when 
a deviation from the expected activity or distribution level was detected were grouped 
at different levels: no alert, yellow alert (deviation from the expected value, between 
15 and 25%) and red alert (deviation from the expected value, higher than 25%). This 
outcome was presented as the percentage of time when birds were or were not in each 
of the alert situations during the cycle. The percentage of errors during the monitoring 
process was shown in order to provide an indication of system performance. These errors 
were usually due to changes in the light scheme or lack of sufficient data to perform an 
accurate estimation of the activity and distribution patterns.



Precision Livestock Farming ‘15 211

The relationship between the percentage of time birds spent in a specific alert situation 
and the percentage of birds showing a specific foot pad lesion, hock burn or gait score 
value was investigated by means of a linear regression analysis using MATLAB® (The 
Mathworks, Inc.) software. The significance of the model was determined by means of 
the goodness of the fit (R2) and a statistical test for the analysis of variance (ANOVA) in 
terms of the p-value.

Results and discussion

The activity and distribution indexes were monitored using the early warning detection 
system, at both house and individual camera level, for every growth period on the farm. 
Figure 2 shows the percentage of time that birds spent in each of the alert situations 
during the different cycles when activity and distribution were monitored at house level. 
The green colour denotes the percentage of time that the birds spent in a no alert situation, 
the yellow colour the time they spent exhibiting an activity or distribution pattern which 
was slightly (15-25%) different from the expected one, and the red colour the time when 
the activity or distribution patterns showed a clear deviation (> 25%). The black colour 
shows the percentage of errors during the monitoring process.

Figure 2. Percentage of time during each cycle that the birds spent in each alert situation 
defined for the monitoring of activity (left) and distribution (right) indexes for the 
complete house.

Figure 3 presents an example of the welfare scoring results for foot pad lesions, hock 
burn and gait. These scores were assessed for every growth period monitored. The scores 
from the last assessment in week 5 were used for comparison with the outcome of the 
early warning system for activity and distribution, as this outcome is the result of analysis 
of the complete cycle. A score of ‘0’ indicates that no foot pad lesions, deviation of gait 
or hock burns were detected. A score at level ‘4’ indicates severe injuries and severely 
impaired welfare.
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A linear regression was used to evaluate the relationship between the percentage of time 
with an alert situation at house level and the welfare scores. No statistically relevant 
relationship (p > 0.05) was found between the percentage of time in a specific alert 
situation, or combinations of situations, in terms of activity and distribution of broilers, 
and the welfare scores. The same analysis was performed without the data from the last 
cycle, due to some gaps caused by missing data during the growth period, but the results 
were similar to those obtained in the analysis using the complete dataset.

Analysis of the output from the early warning system in terms of the percentage of time 
birds in a flock spend in a specific alert situation during the cycle at complete house level 
indicated that there was no relationship (p > 0.05) with the foot pad lesions, hock burns 
and gait score recorded during the assessments.

Figure 3. Foot pad lesions (top left), hock burn (bottom) and gait (top right) scores 
from the final assessment in each of the growth periods monitored.

The procedure described above was repeated, but using only the activity and 
distribution indexes generated by each individual camera in the house and comparing 
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them with the welfare scores gathered in their vicinities. Figures 4 and 5 show 
examples of the results obtained by monitoring the activity and distribution 
indexes from each individual camera during different growth periods and the 
welfare scores from scoring performed in the vicinity of the camera, respectively.

A linear regression was used to evaluate the relationship between the percentage 
of time with an alert situation at camera level and the welfare scores. Statistically 
relevant linear relationships (p < 0.05) were found between the percentage of 
time in a specific alert situation, or combinations of situations, in terms of 
activity and distribution of broilers detected by each specific camera and the 
welfare scores in its vicinity, when the data from the last cycle were removed 
from the analysis. Figure 6 shows two examples of the relationship obtained 
through linear regression analysis.

Figure 4. Percentage of time within each cycle that the birds spent in each of 
the alert situations, defined according to the monitoring of activity (left) and 
distribution (right) indexes for the camera number 3 in the house.
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Figure 5. Foot pad lesions (top left), hock burn (bottom) and gait (top right) scores 
from the final assessment in each of the growth periods monitored in the vicinity of 
the camera number 3 in the house.
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Figure 6. Statistically relevant correlations (p < 0.05) between the combined 
percentage of time with red and yellow alerts for distribution under camera number 
4 in the house and the percentage of birds with foot pad lesion scores ranging from 2 
to 4, with R2 = 0.96 (left), and the combined percentage of time with red and yellow 
alerts for activity under camera number 3 in the house and the percentage of birds 
with hock burn scores ranging from 2 to 4, with R2 = 0.94 (right).

These results show that when the analysis was performed at individual camera level 
in the house, and deviations in the activity and distribution patterns of the birds in its 
vicinity were compared with the welfare scores recorded in that specific area of the 
house, there was a statistically relevant relationship between them. There appears 
to be a relationship between the percentage of time with red and yellow alerts for 
distribution and the percentage of birds with foot pad lesion scores ranging from 2 
to 4, and between the combined percentage of time with red and yellow alerts for 
activity and the percentage of birds with hock burn scores ranging from 2 to 4.
 
The relationship between the deviations in distribution patterns and the foot pad 
lesion scores is positive. This result may indicate that birds which tend to cluster 
together for long periods present an increased likelihood of food pad lesions. The 
relationship observed between deviations in activity patterns and hock burn scores 
is negative. This result may indicate that a higher level of activity in the flock would 
improve the hock burn score. This may be related to the fact that this type of lesion 
is likely to be more prevalent in less active broiler chickens which remain still for 
longer periods on badly conditioned litter (Haslam et al. 2007).

All the results must be regarded as preliminary, due to the small sample used in this 
study. Information gained from more growth periods on the same farm and from 
more farms should be added to the study to improve the statistical relevance of the 
results presented here.
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Conclusions

These results suggest that it might be possible to link deviations in activity and 
distribution patterns of broiler flocks on commercial farms with welfare assessment 
scores assigned by human experts. Deviations in activity patterns seem to be related 
to hock burn lesion scores, while unexpected changes in distribution patterns seem 
to be more influenced by foot pad lesion scores when these activity and distribution 
patterns are monitored at individual camera level in the house. The sample size used 
in this study is small, so this approach will be verified using more rearing cycles 
and more farms.
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Abstract

This study was designed to compare several devices to measure body temperature 
in sheep, as an alternative to rectal thermometry. Sheep subcutaneous temperature 
(T) (ST) recorded by radio-frequency temperature-sensitive transponders, ocular 
surface  T (OT) by infrared-thermal photography, vaginal T (VT) by data-loggers 
inserted into the vagina, and rectal T (RT) by rectal thermometer (°C) were 
compared. In experiment 1, data-loggers recorded VT every minute for 24 hours, 
and transponders were inserted under the tail. VT and RT were significantly higher 
than the other temperatures (P<0.0001). In experiment 2, an acute stress was induced 
and temperatures recorded before and after the stressor. Data-loggers (P<0.01) and 
rectal thermometer (P=0.097) were able to detect differences between the pre- 
and post-stress temperatures, with ST and OT being similar before and after the 
stress. In experiment 3, four ewes and five rams were used to record ST, OT and 
RT. Rams received transponders in the nuchal ligament. Gender, animal and body 
location significantly affected temperatures, rams presenting significantly higher 
temperatures than ewes (P<0.0001). ST showed a significant correlation with RT 
in ewes (P<0.01), while in rams a good correlation with OT (P<0.001). RT was 
predicted by ST in ewes (r²=0.279; P<0.01) and OT in rams (r²=0.185; P<0.05). 
In conclusion, subcutaneous transponders and infrared-photography temperatures 
provide similar results underestimating internal temperatures but are not sensible to 
detect short-term changes of temperature. The tail seems to be a better emplacement 
for the subcutaneous transponders in this species, regardless of gender thermal 
differences. 

Keywords: Temperatures, RFID, IR thermography, data-logger

Introduction

Temperature has been used to investigate the physiological and pathological changes 
in the animal body. Currently, methods of identifying sick animals rely on visual 
and physical assessments and use of body temperature to identify animals outside of 
steady state (fever) (Reid et al., 2012). Rectal thermometers are stressful for many 
animals, time-consuming and can be a potential source of cross-contamination and 
injury to the patient and the veterinarian (Sousa et al., 2011). Temperatures acquired 
by rectal thermometry can be affected by digestion, peristaltic movements, faecal 
masses, muscle tone and physical activity. This fact has led to develop different tools 
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to obtain real-time temperature measurements, based in radio-frequency identification 
devices (RFID). Reid et al. (2012), after comparing several body locations for 
these devices in cattle, concluded that more research is needed to determine the 
optimal frequency of data collection to identify animals during disease events and 
to determine the specific effects of solar radiation, decreased ambient temperatures, 
management variables, animal size, and animal activity on temperatures collected 
with these microchips.

Infrared (IR) thermography is a non-contact and non-intrusive temperature measuring 
technique, with an advantage of no alteration in the surface temperature and capable 
of displaying real time surface temperature distribution (Tan et al., 2009). Since 
ocular temperature appears to correlate well with body temperature (Purslow and 
Wolffsohn, 2007), an IR thermography of the surface of the eye could also be an 
alternative to rectal temperature measurements. 

On the other hand, vaginal temperature, measured through probes inserted into 
the vagina and data-loggers, regressed on rectal temperature yielded an R2 of 0.95 
(Brouk et al., 2005). Data-loggers have also been used in cattle to measure vaginal 
temperature in order to predict time of parturition (Aoki et al., 2005).

This study was designed to compare several devices to measure body temperature in 
sheep, as an alternative to rectal thermometry.

Material and methods

The study was conducted at the experimental farm of the University of Zaragoza, 
Spain (41°N). All procedures were approved by the in-house Ethic Committee for 
Animal Experiments from the University of Zaragoza. The care and use of animals 
were performed according to the Spanish Policy for Animal Protection RD1201/05, 
which meets the European Union Directive 2010/63 on the protection of animals 
used for experimental and other scientific purposes. Rasa Aragonesa adult rams and 
ewes were used. 

Three experiments have been carried out to compare sheep temperatures measured 
from different body localizations using different devices. Subcutaneous temperature 
(T) (ST) was recorded by radio-frequency temperature-sensitive cylindrical 
transponders (11 x 2.1 mm) (Biothermo®, Destrong Fearing, USA) (Figure 1) 
inserted either under the tail (experiments 1, 2 and 3) or in the nuchal ligament 
(experiment 3). To be injected, each transponder comes pre-packed inside a needle, 
and this assembly is packaged in a pre- sterilized plastic envelope. Each needle is 
discarded after one-time use. Temperature data were recorded by a portable reader 
(Global Pocket Reader, Destrong Fearing, USA).
An IR thermography camera (Testo 880 Thermal Imaging Camera; Testo AG, 
Germany) was used to collect images of the eye to measure ocular surface T (OT) 
(Figure 2). All images were collected from the right side of the sheep (approximate 
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distance of 1.5 m). The built-in lens (24°) was used, and the camera was calibrated 
for the current room temperature and relative humidity. The emissivity value used 
was 0.98, which is the recommendation of the camera manufacturer for biological 
tissues. A good-quality IR image (precise location and perfect focus) was chosen for 
each animal. Image analysis software (IRSoft software; Testo AG, Germany) was 
used to determine the maximum temperature within an oval area traced around the 
eye, including the eyeball and approximately 1 cm surrounding the outside of the 
eyelids (Stewart et al., 2007).

Figure 1. Subcutaneous transponders to measure body temperature

Figure 2. Infrared thermography to determine ocular surface temperature
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Figure 3. Data loggers and sponges used to measure vaginal temperature

Vaginal T was measured by data-loggers (DS1921K Thermochron™ iButton®, Maxim 
Integrated, USA) inserted into blank intra-vaginal sponges (Figure 3). Temperature 
analysis software (ExpressThermo 2007®) was used to analyse the temperature 
changes during the experiment.

A rectal thermometer (Thermoval rapid, Paul Hartmann AG, Germany) was used to 
calculate rectal T (RT); the thermometer was inserted about 2 cm in the anus.  

Experiment 1

ST, OT and RT of four ewes were recorded once a day for seven days at 9:00 am. 
Data-loggers inserted in the vaginal sponges were programmed and introduced inside 
the ewes 24 h before the experiment, recording VT every minute. Transponders were 
inserted under the tail.

Experiment 2

An acute stress was induced in four ewes, and ST, OT, RT and VT were recorded before 
and after the stressor. Stress consisted on running 100 m induced by a dog barking.

Experiment 3

Four ewes and five rams were used to record ST, OT and RT for 6 days at 9:00 am. 
Rams received transponders in the nuchal ligament.

Statistical analysis

Mean, standard error of the mean (S.E.M.) and coefficient of variation (CV, %) of 
each temperature was calculated. A one-way anova was used to compare differences in 
experiment 1. A factorial 2x3 anova (before and after stress x three locations) was used 
in experiment 2 to determine the effect of stress and location on body T. A regression 
analysis was used in experiment 3 to determine the degree of prediction of ST and OT 
of body T, using RT as reference.
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Results and Discussion

ST and OT were similar, but significantly lower than VT and RT (P<0.0001) 
(experiment 1) (Table 1). Besides, VT was significantly higher than RT (P<0.05). 
Coefficients of variation observed for the mean values ranged from 0.6% for VT to 
2.1% for OT. Confounders such as inter or intra-observer variability, thermometer 
and penetration depth have been demonstrated to affect the repeatability of RT 
measurements in cattle (Burfeind et al. 2010). In sows, rectal temperatures present 
0.2% CV (Stiehler et al., 2013). The measurement of vaginal temperature with a data 
logger in early puerperal sows is a possible means for a continuous and non-invasive 
monitoring of body temperature (Stiehler et al., 2013). In cows, continuous VT 
monitoring with temperature loggers can be used as a measure of body temperature 
in dairy cows (Suthar et al., 2013).

Table 1. Mean (±S.E.M.) and coefficient of variation (%) of subcutaneous 
temperature (T) (ST), ocular surface T (OT), vaginal T (VT), and rectal T (RT) 
(°C) of four Rasa Aragonesa ewes, measured for seven days (a,b means P<0.0001; 
c,d means P<0.05)

Temperature CV
ST 37.65 ± 0.12 a 1.6%
OT 37.53 ± 0.14 a 2.1%
VT 39.62 ± 0.04 bc 0.6%
RT 39.05 ± 0.07 bd 1.0%

Figure 4 shows the evolution of temperatures before and after the stress induced in 
the animals (vertical lines), with the VT as reference (experiment 2). Data-loggers 
(P<0.01) and rectal thermometer (P=0.097) were able to detect differences between 
the pre- and post-stress temperatures, ST and OT being similar before and after the 
stress (Table 2).

Table 2. Mean (±S.E.M.) subcutaneous temperature (T) (ST), ocular surface T (OT), 
vaginal T (VT), and rectal T (RT) (°C) of four Rasa Aragonesa ewes, before and after and 
induced stress (a,b means P<0.001 within columns; x,y means P<0.01 between lines).

Before After Mean
ST 37.38 ± 0.28 a 37.52 ± 0.18 a 37.68 ± 0.16
OT 37.33 ± 0.37 a 38.05 ± 0.18 b 37.69 ± 0.23
Vaginal 39.43 ± 0.17 b x 40.28 ± 0.06 d y 39.85 ± 0.18
Rectal 39.10 ± 0.18 b 39.55 ± 0.14 c 39.33 ± 0.14 
Mean 38.14 ± 0.25 38.85 ± 0.29 38.63 ± 0.19
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In experiment 3, gender, animal and body location significantly affected temperatures, 
rams presenting significantly higher temperatures than ewes (P<0.0001) in the 
three studied locations (Table 3). ST showed a significant correlation with RT 
in ewes (0.528, P<0.01), while in rams a good correlation with OT (0.522, 
P<0.001). RT was predicted by ST in ewes (r²=0.279; P<0.01) and OT in rams 
(r²=0.185; P<0.05). De Oliveira et al. (2010) inserting the transponders in the 
nuchal ligament in sheep concluded that the use of microchip is a reliable, safe 
and an advantageous method of obtaining body temperature because it was 
proven to be accurate when compared to a rectal thermometer. In cattle, it has 
been observed that the transponder’s temperature value is highly influenced by 
the implantation site (Hutu et al., 2009). The impact of the application site and 
ambient temperature on the subcutaneous temperature measured with the injected 
transponders has also been reported (Georg et al., 2010). On the other hand, 
ocular and subcutaneous thermometry require less time than rectal thermometry 
to produce a measurement. Moreover, particularly the implantable microchip 
transponder method, decrease the risk of transmission of infectious agents among 
animals (Goodwin, 1998) without the need for physical restraint of the animal.  
However, temperature references ranges (excluding RT) should be stablished for 
the different species in order to determine whether or not a particular T is related 
to a good health condition.

Table 3. Mean (±S.E.M.) subcutaneous temperature (T) (ST), ocular surface T 
(OT), and rectal T (RT) (°C) of four ewes and five Rasa Aragonesa rams (a,b 
means P<0.0001 within lines; x,y means P<0.01 between columns).

Rams Ewes Mean
ST 37.93 ± 0.08 a 37.65 ± 0.12 b 37.77 ± 0.08 x

OT 38.09 ± 0.16 a 37.52 ± 0.14 b 37.72 ± 0.12 x

Rectal 39.25 ± 0.07 a 39.05± 0.07 b 39.13 ± 0.05 y

Mean 38.45 ± 0.10 a 38.08 ± 0.10 b 38.22 ± 0.07
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Figure 3. Evolution of vaginal temperatures, and subcutaneous (chip), ocular (eye) 
and rectal temperatures (ºC) before and after the induced stress provoked to the 
animals in experiment 2. 
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Conclusions

In conclusion, subcutaneous transponders and infrared-photography temperatures 
provide similar results underestimating internal temperatures but are not sensible to 
detect short-term changes of temperature. The tail seems to be a better emplacement 
for the subcutaneous transponders in this species, regardless of gender thermal 
differences. 
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Abstract

In ruminant behavioural research such as the investigation of feeding and social 
behaviours in the barn or at pasture, limits in data recording are based on (1) the 
difficulties both in simultaneously recording several different variables on a given 
animal and a great number of data for each one, (2) the interference between animal 
behaviour and the presence of the observer and finally (3) the time-consuming aspect 
of data acquisition and analysis. Thus we developed a plug-and-play recording device 
either embedded on the animal or installed in fixed positions, capable of synchronising 
multiple sensors to characterise sheep behaviour and physiology parameters in their 
feeding and social environments. This monitoring platform integrates a set of sensors 
able to record animal position (GPS, 1D-infrared-rangefinder), activity (3D-inertial 
measurement unit, video camera, microphone) and reactivity (heart rate sensor). 
Then, a software was developed to allow for synchronous visualisation and real-time 
processing of the signals. Some characters of biological interest were extracted from 
automatically detectable states and were compared to “gold standard”. This device 
constitutes a promising experimental tool to develop new PLF (Precision Livestock 
Farming) resources.

Keywords: monitoring, multi-sensor, behaviour, sheep

Introduction

The methods based on visual observation are generalized to investigate feeding and 
social behaviours of herbivores. They are generally considered as “gold standard” 
test. Nevertheless they are not adapted when high sample rates are necessary or when 
the risk of interference between animal behaviour and the observer is high. Some 
commercial monitoring solutions do exist but only give access to a limited number of 
sensors that have already been positioned and set, for instance on a collar (Thompson 
et al. 2012). In wildlife study, biologging technology is also widely developed (Ropert-
Coudert and Wilson, 2005). Our objective was thus (1) to develop a recording device, 
either embedded on the animal or installed in fixed positions in the barn, capable 
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of synchronising multiple sensors to characterise sheep behaviour and physiology 
parameters, and (2) to design algorithms to automatically process these signals.

Material and methods

In collaboration with the Effidence start-up specialised in robotics, a monitoring 
platform was designed (figure 1). It was composed of two autonomous central units 
dedicated to data logging and a tablet for remote control. The sensors were either 
embedded on a sheep or placed in its environment to record animal tracking (GPS, 
1D-infrared rangefinder), activity and posture (3D-inertial measurement unit : 
accelerometer + gyroscope + magnetometer), feeding and social behaviours (video 
camera and microphone) and emotional reactivity (heart rate sensor). The Effibox 
software (Effidence, France) was used to synchronise all data acquisition. Several 
experiments were conducted at pasture.
The Effibox-Qt platform was used (1) to visualize all the data in a synchronized manner 
and to choose the signals of interest and (2) to develop the dedicated algorithms (C++ 
language) for post-processing the signals. Thus a set of characters of biological interest 
(e.g. time-budget) were extracted from automatically detectable states (e.g. sheep is 
standing, walking or running, its head is up or down, active or inactive). These states 
were compared to a set of behavioural states (e.g. sheep is foraging, moving, standing, 
etc) that were manually obtained from video and audio data using The Observer XT 
(Noldus, The Netherlands). These were considered as “gold standard” and compared 
to those obtained with the automatic way (Spink et al. 2013).

Figure 1: General view of the monitoring device. The three units (tablet, fixed device 
and embedded devices) are wireless connected and the sensors are wire connected.
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Results and Discussion

Several data sets were obtained with the embedded device at pasture from August 
2013 to June 2014 and for a maximum duration of 6 hours. The data rate was 
considered acceptable (about 5 Giga bytes per hour), only video and audio files were 
on-board compressed. Data quality and availability were considered visually very 
good (figure 2) for all sensors except for the electrocardiogram (ECG) signal which 
was not exploitable in more than 50% of cases due to bad positioning of electrodes 
or interference with electromyogram signals (e.g. when the animal is running).

 

Figure 2: Replay of all sensors with the Effibox software. Signals from 3D-inertial 
measurement unit (A) give information on animal agitation and the relative position 
of its head, GPS (B) gives information on absolute position and track, analogous 
signals (C) give information on heart rate (red) and relative distance to ground 
(green), video camera (D) gives information on diet selection and social interaction, 
and microphone (E) gives information on vocalization and mastication. All these 
information are synchronised with a delay of under 100 ms.
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The time for processing the different signals in order to obtain automatic states was 
about 2s for one hour of data whereas it needs about one hour for manually coding 
the behaviours in a one hour audio-video file. The duration of some behaviours 
(e.g. “gold standard – foraging”: 25% per hour) was much closer to the duration 
of the automatic states (e.g. “head down + active”: 23% per hour). Nevertheless 
we also obtained significant differences in some behaviours (e.g. “gold standard - 
moving”: 23% vs “automatic states: walking + running”: 13%). Here, our pedometer 
algorithm was not able to detect very slow movement of the animal and consequently 
underestimated the movement duration.

Conclusions

This paper proposes an upgradable and adaptable plug-and-play monitoring device 
able to interface a lot of sensors that may be judicially positioned on the animal 
and its environment according to research requirements. It constitutes a promising 
experimental tool to develop new PLF (Precision Livestock Farming) means/
resources. It requires now further developments in terms of miniaturization and 
validation.
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Abstract

The aim of this study was to analyse the effect of road transport on behaviour, 
body weight, blood constituents and body temperature profiles using temperature 
registered buttons (DS1921G: ThermochroniButton Device) inside intra-vaginal 
sponges and  an infrared thermography (IRT) camera (Testo 880 Thermal 
Imaging Camera; Testo AG, Lenzkirch, Germany), of old cull ewes in dry hot 
climates. A total of 44 cull ewes were used: 22 were transported by road for 4 
hours (200 km), and compared to 22 similar ewes that were not transported. Live 
body weight the day before and immediately after transportation were recorded 
and the weight loss during transportation was calculated. Blood samples were 
taken one day before transport and at four time points post-transport (0, 4 and 24 
h) to evaluate physiological responses to stress. Direct observations were carried 
out to collect information on individual behaviour and the time it took the ewes 
to drink water, eat and rest after returning to their pen, respectively. Transported 
ewes had higher body temperatures until 12 h post-transport. Physiological 
responses to stress were higher immediately after unloading in transported ewes 
but mostly returned to normal after 4 hours, with complete recovery after 24 
hours. Behavioural analysis demonstrated that transported ewes chose to eat 
before drinking and spent less time resting than controls in the first three hours 
after unloading. Although there is evidence to suggest that stress responses may 
be more severe and prolonged in aged animals, we found that cull ewes recovery 
24 hours after transport.

Keywords: Cull ewes; Road transport; Behaviour; Body temperature profiles; 
Dry hot climates.
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Introduction

Most livestock need to be transported at least once in their productive lives, which 
represents a stress from which they need to recover (Fisher et al., 2009). During 
transportation, livestock are exposed to a range of potential stressors, which 
may compromise their welfare, health and performance (Bak & Wajda, 1997). 
Transportation will induce similar plasma cortisol and plasma adrenaline responses 
to other known psychological stressors, such as isolation and stress-induced 
hyperthermia, manifested by an increase in core body temperature (Lowe et al., 
2002). Therefore, the impact of these practices in the stress response can be evaluated 
using non-invasive techniques such as infrared thermography (IRT). This technique 
can determine heat loss gradients in the ocular area caused by blood kinetics, as part 
as the sympathetic-adrenal response during acute stress (Stewart et al., 2007). In 
consequence, the IRT camera is a useful tool for measuring handling reactivity in 
a non-invasive way. However, internal body temperature could give a more precise 
data of the temperature changes imposed by stress. Measuring rectal temperature 
can add an extra emotional stress as a result of handling (Nordquist et al., 2011), so 
using temperature registered buttons inside intra-vaginal introduced inside the ewes 
is an innovative tool to measure body temperature with no necessity of increasing 
handling stress.
The relationship between age and stress susceptibility is complex. Recent studies 
indicate that emotional reactivity to stressful situations may vary with age (Chen et 
al., 2006), and can be markedly higher in older animals. However, less is known about 
the recovery of cull ewes after transport. The current study, therefore, examined the 
effect of road transport on the behaviour, body weight, blood constituents and body 
temperature profiles of cull ewes in a dry hot climate.

Materials and methods

Animals
The study was carried out in the Autonomous Community of Aragon in June 2013 
(summer), at the Animal Experimentation Service (SEA) of the University of 
Zaragoza, Spain (latitude 41º41’N). A total of 44 indigenous Chamarita breed cull 
ewes (average age 8.5 years and an average number of births of nine per ewe) were 
randomly divided into two pens with 22 ewes each, two weeks before transport 
(density 2 m2 per ewe). One group (pre-transport live weight 47.72±1.75 kg) was 
transported on a livestock lorry (200 km or 4 h including loading and unloading 
times) and unloaded again at the same location while the other group (control ewes) 
was not transported. Control ewes (pre-transport live weight 47.64±1.75 kg) were 
maintained in a neighbouring pen but not within sight of the transported ewes to 
minimize possible social disturbance and access to food and water was restricted 
during the transport time.
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Transport
Road transport was carried out on public highways that were mostly straight 
and flat along the Ebro valley (minimum changes in altitude, ≤50 m), with short 
periods on a dirt road. The average vehicle speed during the journey was 62 
km/h, avoiding abrupt accelerations and decelerations. The weather conditions 
on the day of transport were sunny with slight breeze (average temperature, 
22.9ºC). The vehicle used was a livestock lorry (NISSAN®; model L35.09, 3.5 
ton capacity) designed for sheep transport (two pens inside). Loading density 
was 0.4 m2 per ewe (within the recommendations of the European Commission, 
2006). Air temperature and relative humidity were recorded every 15 min using 
data loggers (Testo®) positioned at sheep height on the livestock vehicle and on 
the SEAsheep unit (for control ewes). The temperature–humidity index (THI) 
was calculated according to West (1994).

Productive traits
Live weight loss (shrinkage) was calculated as the live body weight of each ewe 
the day before transport (WB) minus the weight immediately after unloading 
(WA), using a portable digital weighing scale.

Blood constituents
Blood samples were taken from all ewes (n=44) by jugular venepuncture with 
vacuum tubes the day before transport (BT), immediately after unloading (PT0), 
4 h after transport (PT4) and 24 h post-transport (PT24). Two 10 mL tubes per 
animal were taken, with and without anticoagulant (EDTA-K3). Sampling was 
performed in such a way as to avoid sampling error on stress indicators. EDTA 
plasma and serum were centrifuged at 3000 rpm for 10 min and aliquots were 
frozen and kept at −30ºC until analysis. The samples were then taken to the 
laboratory for haematological and biochemical measurements.

Body temperature
The internal body temperature of each ewe was measured by temperature 
registered buttons (DS1921G: ThermochroniButton Device) inside intra-vaginal 
sponges specially ordered without hormones (Sincropart®, CevaSalud Animal 
S.A., Barcelona, Spain). The buttons were programmed and placed inside the 
sponges that were introduced inside the ewes 24 h before transport. The buttons 
recorded the internal temperature every 1 min throughout the trial in transported 
and control ewes (from 2 h before loading until 24 h after unloading). Temperature 
analysis software (ExpressThermo 2007®) was used to analyse the temperature 
changes during the experiment.
Likewise, an infrared thermography (IRT) camera (Testo 880 Thermal Imaging 
Camera; Testo AG, Lenzkirch, Germany) was used to take images of the left 
eye of each ewe (approximate distance 0.5 m) the day before and immediately 
after unloading to evaluate the acute stress response (Stewart et al., 2007). The 
built-in lens (24°) was used and the camera was calibrated to the temperature 
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and relative humidity of the room. The emissivity value used was 0.98, which is 
recommended by the camera manufacturer for biological tissues. A good quality 
infrared image (precise location and perfect focus) was chosen for each animal. 
Image analysis software (IRSoft ™ software, Testo AG, Lenzkirch, Germany) 
was used to determine the maximum temperature within an oval area traced 
around the eye, including the eyeball and approximately 1 cm surrounding the 
outside of the eyelids (Stewart et al., 2007). 

Behavioural observations
The two groups of transported ewes were observed for 3 h immediately after 
unloading. Direct observations, with a combination of scan and behaviour 
sampling, were carried out to collect information on individual behaviour and 
the time it took the ewes to drink water, eat and rest after returning to their pen, 
respectively. A platform with a seat 3 m above the ground was used to observe 
the ewes from a distance, always by the same trained observer. During the whole 
time of observation, scan sampling was carried out every 5 min (33 samples) to 
obtain information about the number of ewes lying down (ewe resting with eyes 
open or closed), feeding (ewe with head inside the feeder trough) and walking 
(ewe moving from one place to another). 

Statistical analysis
Data were analysed using the least squares methods of the GLM procedure using 
SAS/STAT (9.1 SAS Inst. Inc., Cary, NC, USA) by SAS (1998), fitting a one-way 
model with a fixed effect of transport (two levels). The general representation 
of the model used was: y = Xb + e, where y was an N × 1 vector of records, b 
denoted the fixed effect in the model with the association matrix X and e was the 
vector of residual effects. The frequency rates at which the animals performed 
a behaviour (number of observations during the observation period) throughout 
the post-transport period were analysed using Kruskal-Wallis test. A probability 
of P < 0.05 values was considered statistically significant. 

Results and discussion

The average temperature and relative humidity during transport were 23.2 
(±2.7)°C and 52.5 (±5.7)%, respectively. These values at the experimental unit 
during the transport and post-transport period were 22.9 (±3.1)°C and 51.4 
(±8.3)%, respectively. The mean THI during transport was 83.3±1.4 (max. 86.5, 
min. 80.9), and at the experimental unit was 82.6±0.7 (max. 84.4, min. 81.6). 
There were no mortalities or injuries.

Productive traits
Our study confirmed that only 4 h of transport can significantly decrease live 
weight. Other studies have also found significant losses of body weight in a 
group of sheep after 8 h of transport (Zhong et al., 2011) and even after 4 h 
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(Rajesh Kumat et al., 2003). However, it is important to remark that our study was 
performed with ewes of a small size, well-adapted to hard living conditions in 
extensive production systems. These characteristics give them a great flexibility 
in adapting to environmental changes. Greater energy demands can also cause a 
decrease in weight (Warriss, 1993), as when animals need to maintain balance or 
thermo regulate. 

Blood constituents
Cortisol level is a good indirect measure of the stress experienced by an animal 
exposed to adverse conditions. Previous studies have shown that cortisol levels 
tend to rise during and after transport in sheep (Ekiz et al., 2013). In our case, 
cortisol levels immediately after transport were twice the pre-transport levels and 
three times higher than controls, at the same sampling time (Table 1). Depending 
on the transport time, cortisol levels may continue to increase after unloading, 
but then tend to decrease during lairage or resting (Bórnez et al., 2009). Glucose 
levels increased in transported ewes immediately after transport, reaching almost 
twice the levels of controls. The non- esterified fatty acids (NEFA) levels, 
generally accepted as a biomarker of negative energy balance, also followed the 
same pattern as cortisol and glucose, increasing immediately after the journey. 
Glucose and NEFA also returned to control values 4 h after transport.
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Table 1. Least square means (±S.E.) of physiological stress variables in cull ewes 
subjected or not to a four-hour journey by road transport. 

Variable
Control (not transported) (1) Transported (2)

BT (1) AFT0 
(2)

AFT4 
(3)

AFT24 
(4) BT (1) AFT0 

(2)
AFT4 

(3)
AFT24 

(4)

Cortisol 
(nmol/L)

41.44 
±5.33 

ax

26.06 
±5.33 

bx

14.24 
±5.33 

bx

27.26 
±5.33 

bx

38.76 
±5.33 

ay

62.49 
±5.33 

by

18.65 
±5.33 

cx

18.94 
±5.33 

cx

Glucose 
(mg/dL)

56.95 
±2.61 

ax

63.95 
±2.61 

ax

62.82 
±2.61 

ax

57.73 
±2.61 

ax

54.73 
±2.61 

ax

107.68 
±2.61 

by

64.27 
±2.61 

ax

56.77 
±2.61 

ax

Lactate (mg/
dL)

16.61 
±2.17 

ax

20.63 
±2.17 

ax

12.91 
±2.17 

ax

19.83 
±2.17 

ax

25.90 
±2.17 

ay

19.00 
±2.17 
abx

18.32 
±2.17 
abx

17.37 
±2.17 

bx

NEFA 
(mg/mL x 
100)

0.068 
±0.01 

ax

0.034 
±0.01 

ax

0.025 
±0.01 

ax

0.037 
±0.01 

ax

0.028 
±0.01 

ax

0.146 
±0.01 

by

0.040 
±0.01 

ax

0.037 
±0.01 

ax

CK UI/L
120 

±8.96 
ax

105 
±8.96 

ax

101 
±8.96 

ax

114 
±8.96 

ax

104 
±8.96 

ax

124 
±8.96 

ax

101 
±8.96 

ax

113 
±8.96 

ax

Haptoglobin
0.652 
0.07  
ax

- - 1.224 
0.07  bx

0.768 
0.07  
ax

- - 1.059 
0.07  bx

Ratio N/L
0.59 

±0.02 
ax

0.57 
±0.02 

ax

0.60 
±0.02 

ax

0.56 
±0.02 

ax

0.66 
±0.02 

ax

1.27 
±0.02 

by

0.94 
±0.02 

cy

0.75 
±0.02 

ay

BT: pre-transport ; AFT0 : immediately after transport; AFT4: 4 h after transport 
AFT24: 24 h after transport.
a,b,c: different letters represent significant differences between sampling moment 
within treatment (control or transported). 
x,y,z: different letters represent significant differences between treatment within 
sampling moment (BT, AFT0; AFT4 or AFT24).
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In sheep, haptoglobin is known to be a major acute phase protein, increasing up 
to 100 times upon stimulation (Eckersall & Bell, 2010). In our study, haptoglobin 
levels increased significantly in both treatments 24 h after transport and there 
were no significant differences between treatments. These results may be a side 
effect of having taken the first blood sample 48 h earlier, demonstrating the 
extremely high sensitivity of this indicator which complicates its application 
under stressful but normal handling routines.
Some situations, such as transport or poor management practices, may increase 
the amount of neutrophils and decrease the number of lymphocytes and 
eosinophils, thereby increasing the N/L ratio (Kannan et al., 2000). In our study, 
the number of neutrophils was increased, while the number of eosinophils and 
lymphocytes decreased in transported ewes, but not in controls. The high WBC 
values as well as the increase in platelet numbers evident 24 h after transport 
have been associated with excitement or strenuous exercise during handling. 
In our animals, those increases may be related to the effort made to maintain 
balance during transport and the stress of loading and unloading. 

Body temperature
There were no significant differences in eye temperature between treatments, 
based on infrared thermography images of the left eye (37.85 (±0.15) vs. 
37.76(±0.15) immediately after unloading in transported and control ewes, 
respectively). However, transported ewes had a higher internal body temperature 
(measured with the iButtons) during the whole experiment until 12 h after the 
journey when they recovered. Within treatments, we found significant differences 
between moments in both groups. The control ewes showed inconstant differences 
between moments. The transported ewes suffered a consistent increase in 
internal body temperature until a turning point between the end of the journey 
and unloading. Subsequently, they recovered to their initial values (Figure 1). 
This is consistent with the findings of Stewart et al. (2003), who found in horses 
that body temperatures were higher when measured immediately following 
unloading, but fell to pre-transport levels 8 h after unloading. An elevation of 
body temperature has also been reported in previous studies based on acute stress 
and is not likely to persist for a long period of time.
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Figure 1. Evolution of the least square means of the internal body temperature 
during transport process in cull ewes transported or not transported (control) by 
road for 4 h.

Behavioural observations
After unloading, the first behaviour performed was eating after an average time 
of 8.25 (±1.54) min and then drinking after 52.06 (±3.58) min. After that period, 
they finally started to rest after an average time of 118.63 (±5.63) min after 
unloading (lying down). Transported ewes ate before they drank, and waited 
for a considerable period of time before resting. This agrees with the results of 
Knowles et al. (1994), who found that, after unloading sheep, were very alert, 
showing great interest in food, and only secondarily interested in drinking and 
resting. The results of the present study support those findings since the sheep 
only began to drink 40 min after they had begun eating. Control ewes spent 
more time lying down (+87.1% compared to transported animals; P<0.028), 
while transported ewes spent more time standing, drinking and eating (+46.8%; 
P<0.028, +234.6%; P<0.05, +154%; P<0.001, respectively). If resting behaviour 
is a positive indicator of animal welfare (Boissy et al., 2007), we can conclude 
(solely from the behavioural perspective) that transported sheep were more 
stressed. 
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Conclusions

The study demonstrates that road transportation for 4 h under the prevailing conditions 
induced physiological and behavioural responses indicative of the induction of 
significant stress, leading to live weight shrinkage that may represent an economic 
loss for the farmer. The differences in behavioural patterns between transported and 
control cull ewes give additional clues of the stress caused by transport. Although 
there is evidence to suggest that stress responses may be more severe and prolonged in 
aged animals, we found that the animals had levels of physiological stress parameters 
that fell within ranges for adult sheep during routine handling procedures, and initial 
levels of all the biochemical parameters were completely recovered 24 h after 
transport. Regarding the technology used to measure body temperature, IRT was 
not as accurate as the temperature registered buttons, and seems to be not suitable to 
detect small changes in heat loss. On the other hand, the iButtons are accurate and 
reliable, and proved to be a useful tool to control animals´ body temperature in real 
time.
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Abstract

It is well known that heat-stress affects significantly physiology, welfare, health, 
and productivity of ruminants. This paper studied the heat-stress conditions to 
which sheep were exposed during the summers of a 50-year period in Greece. The 
Temperature Humidity Index (THI) was applied to assess potential sheep’s heat-
stress. Temperature and relative humidity data recorded every three hours during the 
summer months at four meteorological stations distributed in the country were used 
to calculate THI values. The interannual variation of the maximum daily maximum 
THI value observed every summer and every summer month separately was 
examined. Additionally, the daily maximum THI values, as well as the THI values 
recorded every three hours, which were observed every summer and every summer 
month separately, were classified in order to examine the interannual variation of 
the frequency of occurrence of the heat-stress categories defined by THI values. 
Descriptive statistics are presented and corresponding trends are identified. This 
study provides spatial quantitative results which could be taken into account when 
proposing strategies to improve sheep’s housing conditions and when developing 
adaptation and mitigation strategies in the frame of climate change, at different areas 
in Eastern Mediterranean. 

Keywords: sheep, heat-stress, temperature humidity index, trend, Greece

Introduction 

Many researchers have found that physiology, welfare, health, and productivity 
of ruminants are significantly affected when ruminants are exposed to heat-stress 
conditions (Finocchiaro et al, 2005; Panagakis & Chronopoulou, 2010; Sevi et al, 
2001; Sevi & Caroprese, 2012; Silanikove, 2000). A combination of high ambient 
temperatures and high relative humidity is unsuitable for sheep (Papanastasiou et al, 
2014; Seedorf et al, 1998; Thwaites, 1985).

The increase in temperature due to climate change may induce various effects on 
livestock production (Kuczynski et al, 2011). A temperature increase will probably 
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have a direct effect on animals’ heat-stress. Segnalini et al (2011) used NCEP 
Reanalysis data (monthly mean values of temperature and relative humidity) to 
study the dynamics of THI over the Mediterranean basin for the period 1951–2007. 
Their seasonal analysis pointed out an increase of summer THI values. Solymosi et 
al (2010) found that in Hungary the number of heat-stress days increased by 4.1% 
per year during the period 1973–2008. However, the last two studies mentioned 
above underlined that the observed and projected increases, and consequently their 
impacts, are spatially heterogeneous due to several physical and geographical factors 
such as the atmospheric circulation, the regimes of climate variables, the latitude, the 
altitude and the topography, as well as due to the spatial distribution of the livestock 
population. Consequently, there is a need to perform temporal and spatial monitoring 
of the heat-stress conditions.

The aim of this paper was to study the variation and the trend of the heat-stress 
conditions to which sheep were potentially exposed during the summers of the 
period 1964 – 2013 in Greece.

Material and Methods 

Estimation of sheep’s potential heat-stress
Marai et al. (2007) suggested that an appropriate climatic index to estimate the 
severity of sheep heat-stress is the THI given in equation 1, where T is the dry-bulb 
temperature (°C) and RH is the relative humidity (%). The same authors defined four 
heat-stress categories which are presented in Table 1. 

      (1)

Table 1: Definition of heat-stress categories according to THI values

THI class Heat-stress category
THI < 22.2 absence of heat-stress

22.2 ≤ THI < 23.3 moderate heat-stress
23.3 ≤ THI < 25.6 severe heat-stress

THI ≥ 25.6 extreme severe heat-stress

Data
Temperature and relative humidity data recorded every three hours during the 
summers of the period 1964 – 2013 by four automated ground-based meteorological 
stations distributed in Greece were used to calculate THI values. The meteorological 
stations operate by the Hellenic National Meteorological Service (HNMS). The 
locations of the four meteorological stations are shown in figure 1, while information 
about them is given in table 2. The analysis in the present paper is based on the daily 
maximum THI values. Missing values were 1.3%, 7.3%, 0.1% and 0.1% in AGR, 
ALE, LAR and SOU, respectively.

   THI T 0.31 0.0031 RH T 14.4     
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Table 2: Information about the meteorological stations 

Name Abbreviation of the 
name used in this study

Latitude 
(oN)

Longitude 
(oE)

Height 
(m)

Agrinio AGR 38.37 21.23 24
Alexandroupoli ALE 40.51 25.53 2

Larisa LAR 39.38 22.25 73
Souda SOU 35.31 24.09 150

Figure 1: Location of meteorological stations

Results and Discussion 

Figure 2 shows the maximum values of the daily maximum THI values observed 
during June and July and their corresponding linear trends during the examined 
period. Descriptive statistics for the maximum values of the daily maximum THI 
values and the slopes of the identified trends for every summer month are presented 
in table 3. The mean values reported in table 3 show that the warmest month was July 
and the coldest month was June. For this purpose figure 2 refers to these two months. 
Figure 2 shows that the maximum values of the daily maximum THI values during 
June and July exhibited an increasing trend. The same also stands for August, not 
shown in figure 2, except for SOU.       
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Table 3: Descriptive statistics for the daily maximum THI values observed during 
every summer month and slopes for the corresponding linear trends. Max: maximum; 
Min: minimum; SD: standard deviation.

Meteorological 
Station Month Max 

value
Min 
value

Mean 
value SD

Percentile
Slope

90th 50th 10th

AGR
June 33.7 28.3 31.0 1.3 32.5 30.9 29.5 0.032
July 35.9 30.3 32.5 1.4 34.4 32.3 31.1 0.014

August 35.2 29.2 32.2 1.3 34.2 31.9 30.9 0.036

ALE
June 31.5 26.3 29.0 1.3 30.8 28.8 27.4 0.054
July 33.0 28.1 30.4 1.1 31.9 30.4 29.3 0.018

August 33.5 26.8 30.1 1.5 31.7 30.4 28.2 0.045

LAR
June 36.2 28.6 31.6 1.4 33.6 31.5 30.2 0.024
July 37.3 30.0 33.0 1.8 35.7 33.2 31.0 0.014

August 34.9 28.2 31.9 1.4 33.8 31.7 30.0 0.018

SOU

June 35.4 27.6 30.3 1.6 32.6 30.0 28.9 0.004
July 35.8 28.4 31.3 1.5 32.9 31.3 29.6 0.014

August 35.2 28.1 30.8 1.6 32.5 30.7 28.9 -0.002
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Table 4 shows the frequency of occurrence of every heat-stress category during 
the examined period. As the two worse heat-stress categories were observed 
during the vast majority of the days, the analysis is focused on these two 
categories. Figures 3 and 4 show the number of days when severe heat-stress and 
extreme severe heat-stress, respectively, was observed during summer and their 
corresponding linear trends during the examined period. The number of days 
when severe heat-stress conditions were established exhibited a decreasing trend 
(figure 3), while the number of days when extreme severe heat-stress conditions 
were established exhibited an increasing trend (figure 4). 

Table 4: Frequency of occurrence (%) of every heat-stress category

Heat-stress category
Meteorological station

AGR ALE LAR SOU
absence of heat-stress 2 6 2 2
moderate heat-stress 1 6 2 4

severe heat-stress 9 25 12 26
extreme severe heat-stress 88 63 84 68

The trends of the number of days when these two heat-stress conditions were 
established were further examined on a monthly basis. Figure 5 show the trend 
of the number of days when severe heat-stress and extreme severe heat-stress 
was observed during June and July. The corresponding slopes, also for August 
which is not included in figure 5, are presented in table 5. Decreasing and 
increasing trends were identified, similarly to figures 3 and 4. In June and July, 
the number of days when extreme severe heat-stress conditions were established 
was always higher than the number of days when severe heat-stress conditions 
were established in AGR and LAR (figure 5a and 5c, respectively). However, 
figure 5d shows that these two numbers were almost equal in SOU in June in mid 
60s. Moreover, figure 5b shows that the days when severe heat-stress conditions 
were established were higher than the days when extreme severe heat-stress 
conditions were established in ALE in June until mid 80s.
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Table 5: Slopes of the linear trends of the number of days when severe heat-stress 
and extreme severe heat-stress was observed during every summer month
 

Meteorological 
station Month Severe

heat-stress conditions
Extreme severe

heat-stress conditions

AGR
June -0,062 0,065
July -0,056 0,053

August -0,042 0,029

ALE
June -0,079 0,132
July -0,130 0,182

August -0,111 0,165

LAR
June -0,037 0,079
July -0,062 0,065

August -0,091 0,092

SOU
June -0,052 0,104
July -0,129 0,152

August -0,222 0,229
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Figure 3: Number of days when severe heat-stress was observed during summer and 
corresponding linear trend in AGR (a; slope: -0.153), ALE (b; slope: -0.321), LAR 
(c; slope: -0.190) and SOU (d; slope: -0.403)
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Figure 4: Number of days when extreme severe heat-stress was observed during 
summer and corresponding linear trend in AGR (a; slope: 0.137), ALE (b; slope: 
0.479), LAR (c; slope: 0.235) and SOU (d; slope: 0.485)
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Figure 5: Linear trends of number of days when extreme severe (upward lines) and 
severe (downward lines) heat-stress was observed during June (dashed lines) and 
July (solid lines) in AGR (a), ALE (b), LAR (c) and SOU (d)
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Conclusions 

The potential heat-stress of sheep during the summers of the period 1964 – 2013 
at four sites in Greece was examined by means of THI. Results showed that 
sheep experienced heat-stress at least during the 96% of the examined days at 
the four monitoring sites. The number of days when extreme severe heat-stress 
conditions were established varied between 63% and 88%, being higher in central 
mainland and lower to the northeast of the country and to a southern island. 
The trend analysis revealed that (a) the maximum values of the daily maximum 
THI values during the three summer months (except during August at one site) 
and (b) the number of days during the whole summer and during every summer 
month separately when extreme severe heat-stress conditions were established, 
exhibited an increasing trend. On the contrary, the number of days during the 
whole summer and during every summer month separately when severe heat-stress 
conditions were established, exhibited a decreasing trend. The identified trends 
could be exploited to feed and update PLF warning, adaptation and mitigation 
systems related to animal diseases, welfare, productivity, etc. Additionally, the 
results suggest applying an integrated PLF approach in hot climates to predict 
heat-stress conditions and to provide thermal stress relief to animals. For this 
purpose it is proposed to intensify monitoring and to comparatively assess climate 
(temperature, humidity, wind speed, solar radiation) and animal physiological 
(respiration rate, body temperature, etc) parameters.
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Abstract

Extensive hill sheep systems suffer from poor economic viability and low animal 
productivity. Appropriate concentrate supplementary feeding during pregnancy 
is known to improve the success of pregnancy, resulting in live healthy lambs. 
However, feeding and associated labour present large costs to the farm business. 
Supplementary feeding should be provided with the most efficient method possible, 
maximising benefits whilst controlling costs. This paper explores the feasibility and 
impact on ewe performance of two different methods of feed allocation, trialled on a 
hill flock in the West Highlands of Scotland. A conventional (CON) method, where 
current body condition was considered in allocating supplementary feeding levels, 
was run alongside a Precision Livestock Farming (PLF) approach where proportion 
of body weight change was utilised. The latter approach was facilitated by an 
automatic drafting weigh crate with electronic identification (EID) reader, thereby 
allowing individual ewe EID ear tags to be read and sheep sorted automatically. 
At two points during winter pregnancy, ewes were handled and allocated to either 
standard or corrective feed supplementation by either CON or PLF methods. This 
study demonstrated that the method used to segregate a large flock into groups 
based on weight change using EID and automated weighing is both feasible and 
straightforward. Despite more CON ewes going into corrective feeding groups (33% 
of PLF and 44% of CON), the PLF approach was more successful in moving ewes 
out of corrective into standard feeding groups by the end of mid pregnancy (52% of 
the PLF ewes successfully moved from corrective to standard feeding, compared to 
only 25% of the ewes in CON).

Keywords: extensive sheep, pregnancy, feeding, automatic weighing, automatic 
drafting, electronic identification

Introduction

High production costs and low productivity are challenges that sheep industries 
around the world are struggling to overcome, no less so for extensive hill sheep 
systems (Montossi et al, 2013). Targeted feeding during pregnancy in a Precision 
Livestock Farming (PLF) approach has been suggested as one method to tackle this 
problem (Rowe & Masters, 2005; Brown et al, 2014). However, it is yet to be studied 
in an extensive hill environment.
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The nutritional requirements over pregnancy, both maternal and foetal, and the 
effect of nutritional deficiencies, have been extensively researched for a wide range 
of animals including sheep (Fthenakis et al, 2012). When nutritional requirements 
during pregnancy in sheep are not met, it can result in for example; birth of small 
lambs, birth of premature lambs, reabsorption or abortion of foetus, low quality and 
quantity of colostrum and milk produced, and stillbirths (Henderson, 2002; Morgan-
Davies et al, 2008; Fthenakis et al, 2012). If these effects occur at a flock level, the 
whole farm productivity and therefore profitability may be negatively affected.

In extensive sheep systems of north west Europe, much of pregnancy occurs during 
winter where grazing is of poor quality and often limited in quantity (Holland et al, 
2008). Furthermore, nutrient requirements to achieve a good outcome at lambing 
differ depending upon: ewe body size; body reserves; and number of lambs being 
carried. Providing supplementary feeding provides a solution to meeting the gap 
between the nutrient requirement of the pregnant ewe and the nutrients available in 
the natural environment (Henderson, 2002).

However, supplementary feeding and the labour associated present large costs 
to the farm business. Therefore, providing feed at the appropriate level for each 
sheep to meet its current nutritional requirements can reduce over- or under-feeding 
animals, and the associated costs to farm and productivity of both. This is the general 
principle of precision feeding (Rowe & Masters, 2005). Where supplementation 
occurs in practice, flocks are divided into large sub-flocks or feeding groups where 
they may be offered supplementation once or twice daily, with a mean allocation per 
ewe. While new methods to provide individual diet allowances to sheep within an 
extensive setting are being explored (for example, Bowen et al, 2009), considerable 
further development is required before they are  available for general application 
on farm. The present challenge is therefore how to allocate group-fed sheep to the 
feeding group that best meets their nutritional requirements.

The two most common metrics used to assess current nutritional state for sheep 
are body condition scoring (BCS) and live body weight (Behrendt et al, 2011). 
BCS provides a reliable measure of fat coverage and thus predicts overall body 
reserves and is not affected by sheep size or gut-fill; however it is subjective and 
time-consuming (Russel et al, 1969). Weight or weight change are more objective 
measures to identify if a ewe is maintaining, gaining or losing weight (Brown et 
al, 2014). Sheep weights and weight change have become more usable with Radio 
Frequency Identification (RFID) ear tags (also called Electronic Identification; EID) 
coupled with commercially available automatic weighing and drafting technology.

The aim of this paper is to explore the feasibility and impact on ewe performance 
of two different methods of feed allocation on a hill farm. The first based on a 
traditional approach assessing body condition of animals and the other utilising EID 
and automatic weighing technology. 
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Material and methods

Animals and farm setup
This research is part of a long-term system study carried out at Scotland’s Rural 
College (SRUC) Hill and Mountain Research Centre in the West Highlands of 
Scotland, where a hill flock was split into two management approaches. One 
approach is Conventional (CON), where management decisions are carried out 
at a flock level or without the assistance of EID technology and comparable to 
conventional hill sheep methods. The other is a Precision Livestock Farming 
(PLF) approach, where management decisions are carried out at an individual 
animal level, using EID technology. The flock contains around 900 breeding 
ewes and is composed of equal numbers of ewes in three genotypes: Lleyn 
breed, Scottish Blackface breed with high Estimated Breeding Values (EBVs) 
and Scottish Blackface with average EBVs. These genetic lines are balanced 
across the two management approaches. It thus provides capability for making 
between and within-breed comparisons across approach attributes. For further 
details of the whole farm system see Umstätter et al (2013) and Morgan-Davies 
et al (2014).

Experimental design
One of the system management practices being explored is the allocation of 
pregnant ewes to feeding groups. Two winter feeding periods were considered: 
mid-pregnancy feeding (covering day 50 to 84 of pregnancy; where day 0 was 
when rams entered mating groups); and late-pregnancy feeding (day 84 to 140).

Ewes’ weight and BCS were collected 7 days prior to mating in mid-November 
2013. Ewes were then mated in single sire mating groups. Ewes were weighed 
and allocated into their mid-pregnancy feeding group on day 50 at post-mating 
handling, during the first week of January 2014. They then remained in these 
feeding groups until day 84 in February, where they underwent commercial 
ultrasonographic pregnancy scanning (referred to hereafter as ‘scanning’); were 
also weighed, condition scored and allocated to their late-pregnancy feeding 
group. On days 50 and 84, ewes were allocated to either standard or corrective 
feeding groups according to their management approach (Table 1); with day 84 
allocation also taking into account the number of foetal lambs that the ewes were 
carrying as measured by scanning. 
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Table 1 Allocation criteria of ewes at day 50 and 84 of pregnancy into feeding groups 
depending on management approach (Conventional; CON or Precision Livestock 
Farming; PLF). 

Standard feeding group Corrective feeding group

CON
Shepherd-
determined, based on 
level of condition and 
fitness

Ewe in good level of 
condition and fitness for 
current stage of pregnancy

Ewe in less than ideal level 
of condition and fitness for 
current stage of pregnancy

PLF 
Automatic weigh 
crate and drafting 
utilising EID readers 
determined 

Ewe maintained or put on 
weight since pre-mating

Ewe lost weight since pre-
mating

The aim of the standard feeding group was to provide enough supplementary feed 
to maintain current body reserves. The aim of corrective feeding groups (of which 
there were two levels of supplementation) was to provide extra supplementary feed 
to improve the body reserves of ewes judged to have below optimum nutritional 
outcomes to that point. The supplementary feed (concentrate pellets) was provided 
at a level appropriate to meet the aim of the relevant feeding groups. Each ewe was 
then classed according to both their feeding group allocations (Table 2). 

Table 2 Ewes classed according to feeding group allocations (at post-mating and 
scanning, days 50 and 84 of pregnancy, respectively).

Ewe Class Feeding group allocation at day 50 and 84 of pregnancy

Corrected Allocated to a corrective mid-pregnancy feeding group and 
improved to a standard late-pregnancy feeding group.

Remained poor Allocated to a corrective feeding group at mid-pregnancy 
and late-pregnancy. 

Standard throughout Allocated to a standard feeding group at mid-pregnancy 
and late-pregnancy.

Deteriorated Allocated to a standard mid-pregnancy feeding group but 
deteriorated to a corrective late-pregnancy feeding group.

Barren All ewes which were scanned with no lamb (ewe removed 
from feeding groups after scanning at day 84)
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Ewes were also weighed at two more points: day 119 when handled for an annual 
vaccination in March; and day 140 just prior to lambing in April when they exited 
their feeding groups. Labour required for both approaches to allocate ewes into 
feeding groups was also recorded. Throughout, weighing, recording BCS and 
sorting ewes into feeding groups were conducted blind without knowledge of 
ewes’ management approach or previous feeding group.

Weighing protocol
Each ewe was tagged with an EID ear tag (Richey’s RD2000, Shearwell Data’s 
SetTag or Allflex’s button tags) containing a unique identification number,  read 
by an Allflex® radio frequency identification portal reader (Allflex Australia, 
Queensland, Australia). This reader was contained within a Prattley 5-way Auto 
Draft (Prattley Industries, Temuka, NZ) with Tru-Test™ MP600 load bars. When 
an animal entered the weigh crate, its weight was automatically recorded against 
EID number on a TruTest™ XR3000 weigh head (Tru-Test Group, Auckland, 
NZ). This setup also allowed PLF ewes to be automatically sorted into feeding 
groups based on weight change.

To reduce the effect of variation in gut-fill on live body weights and results, 
weights were collected as soon as groups of ewes entered the handling facilities 
off pasture, based upon work reported by Wishart et al (2014).

Statistical analysis
Counts of ewes in each class were statistically compared and analysed by a 
Pearson’s chi-square test.

Results and Discussion

The weigh crate and auto-drafting equipment were capable of weighing and 
sorting PLF ewes into groups based on percentage of body weight change 
since pre-mating. Preliminary investigation of the labour associated with each 
approach suggests that the PLF method was quicker than the CON at drafting 
ewes into feeding groups (10 seconds per ewe per person to draft into feeding 
group compared to 18 seconds, respectively, Morgan-Davies, 2015 unpublished 
data). 
Despite more CON ewes entering mid-pregnancy corrective feeding groups 
(33% of total PLF and 44% of total CON) (Figure 1), the PLF approach was 
significantly more successful in moving ewes out of corrective and into standard 
feeding groups for late-pregnancy (52% of the PLF ewes were successfully 
moved from corrective to standard feeding groups, to only 25% of the ewes in 
CON) p<0.001 (Figure 2).
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Figure 1 Count of all ewes which were allocated into corrective (black) and standard 
feeding groups (grey), on day 50 of pregnancy for mid-pregnancy feeding, according 
to their own management approach criteria (Precision Livestock Farm, PLF: based on 
percentage of body weight change, or Conventional, CON: based on the shepherd’s 
assessment of ewe condition). Percentages are proportions of approach.

Figure 2 Count of all ewes which entered corrective feeding groups at day 50 of 
pregnancy and which at day 84 either stayed in corrective (‘Remained poor’; grey) 
or moved to standard (‘Corrected’; black) feeding groups, according to their own 
management approach criteria (Precision Livestock Farm, PLF: based on percentage 
of body weight change, or Conventional, CON: based on the shepherd’s assessment 
of ewe condition). Percentages are proportions of approach.
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The rest of the ewe classes (with the exception of “Barren”) remained in similar 
numbers in both management approaches. As such, the majority were “Standard 
throughout” and so remained in standard feeding groups (73% of CON versus 72% 
PLF); and the rest (“Deteriorated”) changed to corrective feeding groups (27% of 
CON versus 28% of PLF).
It is also interesting to consider the live body weight and BCS profiles of the different 
classes of ewes under the two approaches (Figure 3). While the weight profiles of 
different classes of PLF ewes are largely the product of the feeding group they 
were assigned to, they are noticeably different to that of CON ewes. The changes in 
weight between the two allocation points demonstrate how the feeding has impacted. 
The distribution of weights and BCSs of PLF ewes narrowed between pre-mating 
and scanning (for BCS) and to pre-lambing (for weight); this suggests that the PLF 
approach has reduced the range between extreme animals ensuring greater conformity 
across the flock. While this narrowing was seen in BCS of PLF ewes it is still a very 
subjective measure and therefore difficult to use in a precise manner.

Figure 3 Profiles of live body weight and body condition score for Conventional 
(CON; A,C) and Precision Livestock Farming (PLF; B,D) approaches for allocating 
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ewes into corrective or standard feeding groups at post-mating and pregnancy 
scanning. Ewes were classed according to their own approach criteria of allocation 
into mid-pregnancy and late-pregnancy feeding groups, as: Corrected, moved from 
corrective to standard (  ); Remained poor, remained in corrective (  ); Standard 
throughout, remained in standard (  ); and Deteriorated, moved from standard to 
corrective (  ). Arrows indicate where supplementary feeding group allocation 
occurred.

There were no significant differences between the two management approaches in 
terms of: number of lambs scanned and born per ewe; lamb birth weight; and lamb 
weaning weight. Which may possibly be a result of both management approaches 
being similar  at allocating ewes to feeding groups that had successful outcomes; it 
may also be that the overall nutrition available and provided (from supplementation, 
supplementary hay and grazed forage) was in excess of minimum nutritional 
requirements. The total amount of feed provided to each management approach 
was similar; while the distributions across classes within approaches were different 
depending on the number of ewes within each class. Therefore no one management 
approach required greater investment of feeding to implement. 

A criticism of the PLF approach is that the same criteria are used across all sheep: 
if they lost weight since pre-mating they entered a corrective feeding group even if 
they were still in a good body condition and had ample body reserves. This approach 
presumes all ewes were at an ideal and same level of body reserve at pre-mating. 
A further development of this approach would be to allow consideration for ewe 
condition at pre-mating. For example: the criteria could allow for ewes which were 
lean at pre-mating to gain more weight before entering a standard feeding group 
compared to ewes which were in higher body condition and therefore well able to 
lose more weight before entering a corrective feeding group. 

This PLF approach of allocating ewes into feeding groups has been presented to 
farmers and shepherds at farm open days. The feedback received was largely positive 
with the practitioners appreciating the potential of utilising EID and associated 
technology in allocating ewes into groups based on weight change. However concern 
arose over the complexity of the PLF allocation criteria used in this study and from 
the cost of the equipment and technical capability required to operate. The latter 
two points have been echoed in other research exploring the uptake of EID driven 
systems within the sheep industry (Brown et al, 2014) and needs addressing in order 
to ensure that the application and benefit of any PLF approach are realised.

Conclusions

This research has demonstrated it is possible to manage the nutrition of pregnant 
ewes in a precise manner in an extensive hill system. Automatic weigh and drafting 
crates coupled with EID technology is an efficient method of segregating large flocks.
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Assigning ewes to pregnancy feeding groups based on proportion of body weight 
change is more effective at moving ewes out of corrective feeding groups, compared 
to an allocation based on shepherd subjective assessment of nutritional need. 
Furthermore, this trial suggests that a weight-based PLF approach is efficient at 
managing body reserves to reduce business risks associated with both low and high 
body reserves during pregnancy and at lambing.

While no difference in feed cost or performance outcome has been discovered, 
preliminary results suggest that the PLF approach may be more efficient in terms 
of labour and arguably more repeatable than the subjective criteria of the CON 
approach of allocation.

Although being promising, the current method of allocation presented in this paper 
still requires some degree of simplification for ease of further analysis and 
potential use on commercial hill farms. The variation in body reserves at pre-
mating also needs to be further considered as another criteria for ewe feeding 
group allocation.
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Abstract

The purpose of this project is to investigate if application of online sensor 
measurements can improve the use of Evolutionary operation (EVOP) tools in 
livestock farms by reducing manual recording and by observing intermediate 
problem measures at an early stage. An example with reduction of tail-biting is 
used as a case.  Traditionally, the frequency of the “tail-biting” in a pen is used 
to indicate if a treatment reduces the occurrence of tail-biting or not. Power 
calculations have shown that to detect a treatment difference of 10% vs 20%, 
6 batches with 16 pens per section are needed to yield a power of 80%. It is 
generally accepted that there will be behavioural signs before an outbreak of 
tail-biting, such as increased activity (restlessness) and likely changes in the 
circadian rhythm. Using those indicators, based on online measurements of 
water consumption, it is our hypothesis that we can reduce the number of batches 
or pens needed and still get the same power. This is based on the assumption 
that early indicators are more sensitive than the event “tail-biting”. To test this 
hypothesis, power calculations for EVOP design based on sensor measurements 
of diurnal variation in water use are presented. The calculations are made with 
typical farm dimensions and are based on estimates of standard deviations and 
variance components from a setup where water use was measured at pen level. 

Keywords: Evolutionary operation, early indicators, tail-biting, optimization

Introduction

Nearly every existing industrial process has a potential for improvement in 
productivity. This potential arises not only from the inadequacies in the original 
design but also from changes which can occur during the lifetime of a production 
unit (Hunter & Kittrell, 1966). Finding the optimal settings that gives the desired 
response is of major concern, and it is well known that farmers try different 
management initiatives to solve problems or optimize production at herd level. 
However, often more than one procedure on the farm is changed at the same time 
without a systematic plan, making it difficult to get an overview of the impact of 
the different procedures. 
Evolutionary operation (EVOP) is a technique, based on statistical methods, for 
systematic experimentation with improvement of an ongoing full-scale production 
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without actually interrupting it (Box et al., 1978). EVOP consists of imposing small 
but well-chosen (designed) perturbations on the process to gain information about the 
direction in which the optimum is located. The changes are not large enough to interrupt 
production but are significant enough to provide valuable local knowledge about what 
the optimal plant procedures are (Box et al., 1978). Once the direction is defined, a new 
series of small perturbations is performed at a location defined by this direction, and the 
procedure is then repeated (Rutten et al., 2014).
One of the challenges using EVOP on farm level is that, normally, the event is used 
as indicator of the impact of the changed procedure. The risk being that the event has 
not been observed due to the fact that the pigs are moved to another unit e.g. from the 
slaughter unit to the slaughter house before the problem occurs. Besides that, only 
observing the event does not give any information about whether we are just below the 
threshold for the event to occur or moving away from the threshold. As an example, one 
of the major welfare issues in pig production is tail biting. The causes of this behaviour 
are currently unclear and seem to vary from herd to herd, which makes it difficult to 
take action to tackle and prevent these welfare issues. Traditionally, the frequency of 
the “tail-biting” in a pen is used to indicate if a treatment reduces the occurrence of 
tail-biting or not. Power calculations have shown that to detect a treatment difference 
of 10% vs 20%, 6 batches with 16 pens per section are needed to yield a power of 80% 
(Jørgensen, 2014). It is generally accepted that there will be behavioural signs before an 
outbreak of tail-biting, such as increased activity (restlessness) and likely changes in the 
circadian rhythm. If these indicators can be automatically measured, it will probably give 
us information starting in the causal chain. As an example change in density on pen level 
shows no difference in water intake when looking at day level, but shows a change in the 
diurnal rhythm in water intake, with a higher water intake during night with increasing 
density (Andersen et al., 2014).
Using those indicators, e.g. based on online measurements of water consumption (as it is 
assumed, water consumption can be used as a measure of the animals’ circadian rhythm), 
it is our hypothesis that we can reduce the number of batches or pens needed and still get 
the same power. This is based on the assumption that early indicators are more sensitive 
than the event “tail-biting”. The purpose of this project is to investigate if application 
of online sensor measurements can improve the use of Evolutionary operation (EVOP) 
tools in livestock farms, by reducing manual recording and by observing intermediate 
problem measures at an early stage. To test this hypothesis, power calculations for EVOP 
design based on sensor measurements of diurnal variation in water intake is presented. 
The calculations are made with typical farm dimensions, and are based on estimates 
of standard deviations and variance components from a setup where water use was 
measured at pen level.

Material and methods

To illustrate the EVOP principle and get data for the power calculation, an experiment 
was set up on the experimental farm at the Department of Animal Science, Aarhus 
University, AU-FOULUM, Denmark. The experimental unit consists of one house 
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with four identical sections, equipped with 16 pens each. Crossbred LYD pigs weighed 
approximately 30 kg were bought from one commercial Danish herd and transported to 
the research centre. The first week after arrival, the pigs were housed in one section in 
groups of 32 pigs per pen after which each pen was divided into one group of 14 and 
one group of 18 pigs, and moved to two experimental pens in the same section. Three 
sections were used for the experimental part. The pigs were purchased over two fold, 
so each experimental section could be filled at one time. The pens measured 5.48 m x 
2.48 m of which 0.5 m2 was occupied by a feeder. The floor was concrete and consisted 
of one third solid floor, one third drained floor and one third slatted floor. Each pen was 
equipped with two drinking bowls and a feeder with two feeding spaces. Pigs were fed a 
commercial dry feed for growing/finishing pigs for ad libitum intake and had free access 
to water. The indoor climate was regulated by negative pressure ventilation with the 
room temperature gradually decreasing from 21°C, when the pigs were introduced to the 
pens, to 17°C when the pigs approached slaughter weight. Water use and temperature at 
pen level were continually measured during the experimental period. One pen in each 
section was left empty due to practical reasons.

Data were collected in May and June 2012 from insertion and the following 29 days. In 
total, 654 pigs were used (insert weight 34.3 ± 4.1 kg). 

Design of experiment
As the idea with EVOP is to locate production optimum on the particular farm, the design 
was based on the herds’ normal standard and compared with a setup where slight changes 
were made in specific operation conditions e.g. density, straw allocations etc. We decided 
to use a setup with four variables. The variables were: 1) stocking density: 18 pigs per 
pen (0.7 m2 per pig) as standard versus 14 pigs per pen (0.9 m2 per pig), 2) number 
of straw allocations: one allocation of 140 g straw per pig/day as standard versus four 
daily allocations of 35 g straw per pig/day, 3) allocations of pigs to pens: randomly as 
standard versus by size and 4) high versus low stocking density for small and large pigs, 
respectively, which was caused by the change in variable density and allocation of pigs. 
The design of the experiment is shown in figure 1.

Figure 1. The experimental design with four variables. The abbreviations HONR 
represent the herd’s normal standard.
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Power calculation
The statistical analyses and power calculation were performed using the statistical 
software R Version 3.1.1 (R Development Core Team, 2014).

The power calculations were made by simulation of observations from a herd similar 
to the one used in the experiment, meaning 16 observations per section (group). A 
significance level 5% was chosen, and the aim was to determine the sample size needed 
to obtain a power of at least 80%. Standard deviations for the simulation of random 
effects were based on estimates from the experiment’s water measurement. The water 
used was divided into water use during “day” (from 7:00h to 18:59h) and “night” (from 
19:00h to 06:59h) on pen level and the proportion of water used during night of the total 
water used was calculated per pen per day. Data were analysed using the following linear 
mixed effects model:

Yijk = μ +αi + γj + ηk + εijk

where the response, Yijk, is the proportion of water use during night of the individual pen, 
μ is the overall mean, αi is the effect of the ith density (14, 18), γj is the random effect of 
the jth section (1, 2, 3), ηk is the random effect of the kth day (1, 2,…, 29) and εijk is the 
residual error. It is assumed that γj ~N(0,σs

2), ηk ~N(0,σd
2) and  εijk ~N(0,σε

2).

The power calculations were made for the model: 
α1≠ α2, where the difference in the means, α1 - α2, were varied at 0.005, 0.010, 0.015 
and 0.020, and power curves were plotted against number of sections. The number of 
sections were varied from 1 to 10, and 1000 simulations were used for each combination 
with density difference.

Results and discussion

Pigs have a circadian activity rhythm with one or two peaks during daytime (E.g. Villagra 
et al., 2007; Andersen et al., 2008). Previous studies suggest that looking at data at 24h 
level risk to overlooking adjustments made by the animal to adapt to the conditions 
(Nielsen et al., 1995, Andersen et al., 2014), thereby postponing detection of behavioural 
changes. It appears that there is a relation between the pigs diurnal rhythm in drinking 
behaviour and activity level (Villagra et al., 2007) and previous studies indicate that pigs 
normally have a stable diurnal drinking pattern when they are healthy, but that the pattern 
change when they are affected by a disease or a stressor (Madsen and Kristensen, 2005). 
It was assumed that change in the diurnal drinking pattern could be used as the response 
variable instead of the event in an EVOP design, to analyse if change in the herds normal 
stand reduced the stress level and thereby reduced the risk of e.g. tail-biting.

Base on the experimental data, estimates for proportion of water use during night and 
standard deviations were found (see table 1). These estimates were used for the power 
calculations. As it appears from table 1, the variance is low and supports the assumption 
that changes in the diurnal pattern is useful for finding differences between treatments.
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Table 1. Estimated mean and standard deviations for proportion of water use during night

Estimate Standard Error
Mean: 0.253700 0.009580
Density 18 0.023572 0.003144
Random effects Variance Standard deviation
Section 0.0004461 0.02112
Day no 0.0002133 0.01460
Residual 0.0026216 0.09120

For the power calculation the largest difference between means was set at the value 
found for increased density from 14 to 18 pigs (table 1). In this case, as evident from 
figure 2, we need two sections to get a power above 80%. But as low a change as 
0.015 in the proportion of water intake during night could be detected with a power 
above 80% by inclusion of only three sections. This is half the number of sections 
needed for a power above 80%, to detect a treatment difference of 10% vs 20% in 
frequency of tail-biting (Jørgensen, 2014). 

Figur 2. The calculated power as a function of number of sections for varying 
difference in the means of proportion of water use during night. 
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If change in the diurnal drinking pattern, as assumed can be used as an indicator 
of the stress level in the pen, it will improve the application of EVOP design in 
livestock farms. Since it will reduce the number of sections needed to obtain 
an indication of which direction the standard procedure should be adjusted to 
approach the production optimum. Once the direction is defined, a new series of 
small perturbations is performed at a location defined by this direction, and then 
EVOP is repeated with the new settings. A reduction of the number of sections 
needed for each step in the EVOP, will reduce time to locate production optimum 
and thereby make it useful at herd level. 

Conclusion

The use of changes in circadian cycles of water used, will reduce the number of 
sections needed to locate production optimum using EVOP design 
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Abstract

The increasing demand for consumption of animal-origin products, makes livestock 
production one of the main areas of interest worldwide. However, inefficient 
management of livestock farms leads to an increase of financial loses, lack of 
traceability and environmental impact. Lately, precision livestock farming combined 
with the intelligence that information technologies can offer, is being proposed 
as an effective solution for the improvement of livestock farm management. The 
aim of the present study was to design and develop a software platform for the 
Management of Livestock Farm, which will lead to profitable farm management and 
resource savings. The software is developed within the cloud architecture of ‘GAIA 
Epiheirein’, which is specifically optimized for agrifood services.
Thirty small ruminants’ farmers were interviewed and every need and activity of 
the farm was recorded in detail. Following that procedure, the smart management 
application was designed and implemented accordingly.
The application is monitoring the current status of the farm providing information 
for each animal (ear tag number, genealogical data, health status, and growth rate), 
production stage, reproduction information, stocking density, farm population, 
ration data, supplier information. Daily, monthly and annual reports on feed intake, 
feed conversion ratio, milk production and analysis, production cost, statistical 
data and correlations between similar farms and automatic alerts on supply needs, 
upcoming diseases, reproduction and notification on daily tasks on farm are being 
created. Transferring all the farm related information to the cloud enables inter-farm 
statistical reporting and business intelligence services provision, therefore enabling 
the optimization of farm management.

Keywords: livestock, precision farming, information technologies, cloud computing, 
farm management

Introduction

As global population expands, demands on food of animal origin increases rapidly 
transforming livestock production one of the main areas of interest worldwide 
(Hocquette et al, 2005). Thus, the expenditure of resources is a key issue that the people 
dealing with the animal sector has to solve. Small ruminant sector represent one the 
main parts of Greek agricultural economy. Due to the particular mainland landscape, 
the large number of islands, the local conditions related to livestock breeding and the 
variety of animal products throughout the country there is a difficulty in controlling 
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livestock rearing. Thus, the lack of unified or similar diet, management, breeding 
conditions result every year in the expenditure of resources that leads in tremendous 
financial loses. Taking also into consideration that small ruminant population the 
last decade remains nearly stable and accede to 15 million (Eurostat 2013 and Greek 
Statistical Authorities 2009 ) a special attention to the management of small ruminant 
farms has to be given in order to increase cost efficiency (Figure 1) (Flamant et al, 
1982). 

Figure 1. Farm animal‘s population in Greece from 2005 to 2013.  

Precision Livestock Farming, (PLF) a blooming technology having as a goal the 
application of innovative engineering technologies in livestock farming (Wathes 
2007), was first introduced at the early 90s. The initiation of automation and 
Information and Communication Technology (ICT) technologies in Precision 
Agriculture (PA) was the leading example that motivated researchers and commercial 
developers to adopt new technologies in livestock farming helping the farmers to 
take beneficial management decisions (Wathes, 2007).  . Thus, the introduction of 
such technology in livestock farms can be a solution in improving management 
and controlling costs expenditure by cost effective management in livestock farms. 
However, until recently, due to the lack of obvious at first site benefit, PLF was having 
site specific application in livestock, involving development of sensors, controls and 
remote-sensing technologies and only a small number of farmers were using such 
technologies. (Zhang et al, 2002, Wathes et al., 2008). Lately, expanding the efforts 
that have being applied in the correlation between livestock farming and ICT through 
the cloud computing technologies there is an immense opportunity to overcome 
problems that the PLF technologies face, such as data overflow management.
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The aim of the present study was to design and develop a software platform for the 
Management of Livestock Farms, which will lead to profitable farm management 
and resource savings. The software is developed within the cloud architecture of 
‘GAIA Epiheirein’, which is specifically optimized for agrifood services.

Materials and Methods

In order to effectively design the livestock cloud platform the soft system methodology 
(SSM) was used. This method has been successfully applied in urban development, 
health and agriculture (Sorensen et al, 2010; Checkland and Scholes 1999; Staker, 
1999). The use of this method has as a main objective to record and identify the users’ 
requirements and design the model in a way that fulfill those needs.  The analysis of 
the current situation of the system includes the registration of the activities related 
to, everyday life of a livestock farm, problems and goals concluding in a cloud based 
information system model proposal. The system analysis and boundary specifications 
was based on extracted data and information obtained from the pilot farms involved 
in the programme 
Experimental design 

Thirty small ruminant farmers were interviewed and every need and activity of each 
farm was recorded in detail. Greece was divided in three regions, North, Central and 
South Greece and 10 farms from each region were selected in order to represent a 
wide range of regional characteristics as well as farm types (Figure 2). 

Figure 2.  Small ruminant farms distribution in Greece. 
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This division was important in order to allow sufficient coverage of relevant patterns 
of information, demand and flow as well as widely different types of Greek farms. 
The farms that selected represent: 1) large size livestock farms (250>female animals) 
having specific problems in managing huge information clusters, internally as well as 
externally 2) medium size livestock farms (150-250 female animals) growing in size 
with their specificity in a still very dynamic information and internal management 
environment, 3) organic farming systems with special information management 
related to long term planning, ecology and consumer relations, 4) small livestock 
farms (<150 female animals). 

The needs of each farm were identified and recorded. Following that the system 
components applied to farm management, allocated in one out of the 5 following 
categories: Animal, Reproduction, Health, Nutrition, Supplies. 

The topics addressed to the farmers, based on the methodology of Sorensen et al 
(2010) modified in order to apply to the present experimental design, were:

- What are the external actors the farm is dealing with (e.g. public entities, 
commercial companies etc.).

- What is working well in the farm (regarding particularly information 
management and exchange process) and what is not working well and what 
would the farmer like to do about it.

- Regarding information processing what would the farmer like to have, to 
make their daily working life easier and to run the farm more effectively?

The analysis of the present situation of a farm includes the following steps:

- Record relationships, connections, influences, causes and effects among the 
entities in the domain being studied.

- Include subjective data such as character and characteristics as well as points 
of view.

- In order to be able to propose Livestock Farm Management tool the 
requirements and surroundings of the system needs to be clearly outlined. 

The model should be assessed for its performance by maintaining the below 
mentioned parameters: efficacy, efficiency, effectiveness (Sorensen et al, 2010).

Results and Discussion

The information that was collected during the interviews was combined with the needs 
and activities of the farms in order to design the smart Livestock Farm Management 
application platform correspondingly (Figure 3). The application is monitoring the 
current status of each farm providing information for each animal or group of animals 
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giving the opportunity to the farmer or/and farm manager to completely control 
every activity of the farm (Figure 3). The application user registers manually to the 
platform all the changes related to the farm and animals while the relations among 
them which are applied to costs, production, feed intake etc. are already described in 
the database using equations. Thus, when there is a differentiation of one of the factors 
of each equation then there is an automatic change of the outcome related to one of 
the parameters mentioned above. Moreover, the platform provides the possibility of 
interconnection among other electronic systems which are evaluating health status 
or animals productivity used in PFL such as automatic weighing systems, milking 
machines and pedometers for oestrus monitoring.

Figure 3. Schematic description of the livestock cloud platform.

Daily, monthly and annual reports on feed intake, feed conversion ratio, milk 
production and analysis, production cost, statistical data and correlations between 
similar farms and automatic alerts on supply needs, upcoming diseases, reproduction 
and notification on daily tasks on farm were created. The above mentioned information 
provide the ability to the farmer or farm manager to accurate predict farm and 
animal demands. Those information allow the better management of the farm needs, 
resulting in cost saving. Moreover, transferring all the farm related information to 
the cloud enables inter-farm statistical reporting and business intelligence services 
provision, therefore enabling the optimization of farm management. Additionally, 
as mentioned by Wathes et al., (2008) the use of PLF provides continuous feedback 
of the system, giving access to a dynamic model that the application user can take 
advantage in order to efficiently manage livestock production.
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Comparing “GAIA Epicheirein” platform with different modelling approaches that 
used in livestock management one of the main advantages that Livestock Farm 
Management has is the use of cloud computing technology. The platform is not only 
designed and specifically optimized for agrifood services but also it does not demand 
software download or hard disc space to be allocated. That is the crucial difference 
that this application has, compared to others appeared in the market. The only 
demand for the operation of the system is Internet connection. Moreover, the farmers 
can access the data related to their farms from everywhere using any PC, mobile 
or tablet by only inserting username and password in the application. An issue that 
should also be mentioned is that the continuous monitoring and data consolidation 
the platform offers can also be exploited from national or regional policy makers 
to facilitate the creation of strategies targeting the improvement of livestock farm 
performance (Wathes, 2007).
As Holzworth et al, (2014) said, it is clear that ICT technologies used until recently 
have high maintenance cost and can be unacceptably reliant on a single person (or a 
small team) for continued operation. The benefits from the collection of data using a 
cloud computing technology are the ability that gives to all the people related to the 
livestock production system, farmers, animal scientists, veterinarians, public services 
to access the data related to each field of interest. Moreover, they can evaluate the 
performance of the farm, making suggestions for its improvement having as a goal 
the rationalization of the livestock production process, resource saving and finally 
cost efficiency. Since the present situation in livestock sector is highly competitive 
and demand fast decision makers (Zott et al, 2011), the adoption of new technologies 
that improve production efficiency and minimize cost expenditure is a necessity 
(Tanure et al, 2013), since an incorrect or incomplete assessment of the reality may 
lead to disastrous results (Zott et al, 2011). 

Conclusion

Despite that the adoption of PLF technologies is a fact their widespread application 
may be adopted after their mandatory implementation from strict environmental 
legislation, public concern over the excessive use of agro-chemicals and economic 
benefits from reduced agricultural inputs and improved farm management efficiency 
(Zhang et al, 2002). While animal scientists and veterinarians are playing the leading 
role in PLF development, engineers have worked to provide technologies needed to 
implement PLF practices (Zhang et al, 2002, Wathes et al., 2008). The field of ICT is 
moving rapidly, ranging from farmers to policy and decision makers demanding that 
research must comply with their needs and provide information via ICT technology. 
In future world, models such as the Livestock Farm Management tool through the 
cloud architecture of “GAIA Epicheirein” need to evolve and meet these changing 
demands (Holzworth et al, 2014). Moreover, efforts should also be focused on the 
development and expansion of current monitoring systems for livestock in a way 
that can satisfy the needs of all the people related to this sector from consumers to 
scientists. To sum up there is a need for applications that compile the knowledge 
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of animal science researchers, cloud computing engineers and people related to 
animal science to extend and improve tools and infrastructure that drive Livestock 
Management to the future (Holzworth et al, 2014)
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Abstract

Accurate monitoring of grazing activity at individual cow level would provide farmers 
with information which could be used to improve the management of their animals 
and pastures in intensive dairy systems. Pasture attributes, starting with sward height, 
influence grazing behaviour and bite characteristics. In an attempt to link sward height 
to automatic detection of biting behaviour in individual cows, a series of recording 
sessions lasting 4×3 days was conducted on a ryegrass pasture with two contrasting 
heights (5 and 15 cm) over the grazing season (from July to October) with 4 dry red-
pied cows. The cows’ behaviour was video recorded and each animal was equipped 
with the inertial measurement unit (IMU) of a smartphone on a halter, recording 
acceleration data at 100 Hz. Comparison of the video recordings with acceleration 
data showed that the number of grazing bouts during grazing tends to increase when 
the grass is taller. Fast Fourier transforms of acceleration data showed that grazing 
bouts were characterised by a distinctive acceleration peak with the frequency ranging 
between 1.02 Hz and 1.46 Hz whatever the sward height. Comparison with video 
recordings indicated that this value corresponded to the frequency of the specific 
movement for grass uprooting in the biting sequence. This peak could be used to 
improve automated grazing behaviour detection and to remotely characterise bites. 
These results show that some bite characteristics are influenced by sward height and 
automatic individual monitoring of grazing behaviour is possible. An extension of 
this methodology should allow deeper analysis of the grazing behaviour of cattle in 
order to remotely determine the number of bites and their specific patterns remotely 
and possibly to link this information to biomass intake. 

Keywords: cattle behaviour, inertial measurement unit, bite frequency

Introduction

Recent developments in sensor technology have given rise to promising tools that will 
prove useful to farmers and contribute significantly to the coming of precision grazing 
management. Several studies demonstrate the capability of individual or combined 
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sensors to classify and quantify animal behaviours. For example Martiskainen et 
al. (2009) equipped animals with a three-axis accelerometer and classified their 
behaviours by performing statistical analyses with support vector machines. More 
recently, Larson-Praplan et al. (2015) have studied cattle grazing strategies using 
global positioning sensors under different, seasonally contrasted environments.
Accurate monitoring of grazing and biting activity at individual cow level would 
be of considerable help as a means of improving animal performance and pasture 
management (Carvalho et al., 2015). The grazing mechanism is based on intensive 
jaw movements and is composed of 3 steps: prehension of the grass, uprooting of 
the grass and mastication before swallowing. This is the biting process (Gordon & 
Benvenutti, 2006). By counting bites, it is possible to determine their frequency which, 
combined with the weight of the bite (i.e. quantity of forage taken per bite) and the 
time spent grazing, allows calculation of grass intake (Vallentine, 2001). Moreover, 
continuous monitoring of the biting process is also a prerequisite for addressing the 
‘precision biting’ issue, paving the way to precision grazing management (Carvalho 
et al., 2009).
Acceleration and gyroscope sensors are currently used in biomechanical studies 
to assess gait disturbance in humans (e.g. Leardini et al., 2014) and these sensors 
are used in the Inertial Measurement Unit (IMU) routinely fitted in smartphones to 
detect user-induced movements (Hazry et al., 2009). Since cattle move their body 
parts at a similar pace to humans, similar techniques could potentially be developed 
for fine analysis of movements on pasture. Andriamandroso et al. (2014) applied 
this idea and obtained promising results for automatic detection of grazing and 
ruminating behaviours using the iPhone 4S (Apple Inc., Cupertino, CA, USA), 
with accuracies ranging between 87% and 100%. The proposed detection algorithm 
determines head postures from the gravitational part of the acceleration (µ=[0.2g; 
0.85g], 1g=9.81m.s-2) and jaw movements from the acceleration transmitted by 
the cow on the IMU (σ=[0.0175g; 0.05g]) along the axis which is aligned with the 
anterioposterior axis of the animal’s head. Taking this technique further, the aim of 
this study was to assess whether IMUs integrated into smartphones could provide 
information at the bite level when cattle are grazing pastures with different sward 
heights.

Material and methods

Data collection in the field

All experimental procedures performed on the animals were approved by the 
Committee for Animal Care of the University of Liège (Belgium). Four red-pied dry 
cows were fitted with a halter containing an iPhone 4S (Apple Inc., Cupertino, CA, 
USA). The mobile phones contained an IMU and signals from the 3D accelerometer, 
gyroscope and GPS were collected at 100 Hz using the Sensor Data application 
(Wavefront Labs, available on App Store, Apple Inc., Cupertino, CA, USA) for 9 
hours from 8.00 a.m.to 5.00 p.m. each day.
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The four cows wore the equipment for a 6-week familiarisation period and were 
then turned out to graze in one group on the experimental pasture in July-August 
and September-October 2014. The 1.8 ha pasture located on the Gembloux Agro-
Bio Tech farm in Belgium (50° 33’ 54.162’’ N, 4° 42’ 7.945’’ E) consisted of newly 
established ryegrass and clover (Lolium perenne, 0.935; Trifolium repens, 0.065). 
The pasture was divided into different paddocks with different sward heights (5cm 
= low sward height – LSH, 15cm = high sward height – HSH) obtained by varying 
the post-mowing time from 7 to 21 days. The sward height and biomass availability 
were monitored before and after grazing by means of a rising-plate meter using in-
house calibration. Each paddock was divided into 3 sub-paddocks, each providing 
approx. 80 kgDM.cow-1.d-1.
The animals grazed each sub-paddock for one day and were then moved to the next 
sub-paddock before 8.00 a.m. the next morning. The first day was removed from the 
database to allow the animals to adapt to the new sward height, while the second and 
third days were used for data collection and analysis. 
Animals were continuously video recorded during all data collection days by two 
observers with one camera each. The two observers were assigned to two different 
cows simultaneously in sequences of 30 minutes, then the animals were swapped 
between observers. They focused on video recording of grazing and ruminating 
behaviours. The experimental scheme was as follows: 4 cows × 2 days × 2 sward 
heights × 2 grazing periods. 

Data analysis

As the pasture height decreased quickly during the morning grazing, only the first 30 
minutes were considered as typical for the given sward height. The video recordings 
were coded into a behaviour matrix using CowLog 2.0 (Hänninen & Pastell, 2009) 
with a specific focus on grazing behaviour.
Actual grazing bouts were visually analysed and jaw movements were counted and 
classified. A grazing bout was defined as an uninterrupted repetition of the sequence 
of grass prehension and uprooting, separated by mastication and swallowing. Two 
different analyses were performed on the collected data. Firstly, grazing bout duration 
(yi,j) was compared by means of a general linear model in the MIXED procedure of 
SAS (Cary, NC, USA) where sward height (LSH and HSH), season (summer and 
autumn) and their interaction were used as mixed factors of variation. Individual 
cows were considered as experimental units.
Secondly, in order to allow a Fast Fourier Transform (FFT) of the signals, grazing 
bouts lasting less than 20 seconds were discarded as they did not allow further 
frequency-domain analysis as described below. The total number of grazing bouts 
(longer than 20 seconds) during the first 30 minutes of grazing varied between 11 
and 24 bouts.cow-1.d-1 for LSH and from 17 to 26 for HSH, expect when IMU signals 
were not properly acquired.
It was known that jaw movement patterns can be measured using the user 
acceleration on the x-axis of the IMU (Andriamandroso et al., 2014), and this signal 
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was used to count each jaw movement within each grazing bout. For this purpose, 
the Periodogram function in Matlab R2014a (MathWorks, Natick, MA, USA) was 
performed for each individual bout on the user acceleration along the x-axis signal 
to identify possible frequency peaks. Finally, observed and detected movements for 
each grazing bout were compared in order to calculate detection errors. 

Results and discussion

Effect of sward heights on duration of grazing bouts

No correlation was found between the influence of sward height and season on the 
parameters analysed. The duration of grazing bouts was shorter when cows grazed under 
HSH than LSH conditions (p<0.01) (Table 1) and detailed observation of video records 
showed that grazing bouts were separated by prolonged mastication and/or swallowing 
events. In addition, grazing bouts were shorter in summer than in autumn (p<0.01). 

Table 1: Effect of sward height on grazing bout duration

Factor of variation
Sward height Season

LSH HSH Summer Autumn
Mean ± Standard dev. 44.85±51.52a* 32.21±32.66b 31.37±35.48b 45.12±47.44a

Minimum 1 1 1 2
Median 29 20.50 19 30

Maximum 413 237 237 413

*For one factor of variation, means followed by different letters differ at a significance 
level of 0.05. 

Detection of frequency peaks corresponding to uprooting bites

FFT analysis of the user acceleration signal along the x-axis (expressed in g, 
1g=9.81m.s-2) allowed us to identify a very distinctive repetitive peak between 
1.02 Hz and 1.46 Hz within grazing bouts whatever the season and the grazing 
height (e.g. Figure 1). This signal corresponds to the movement transmitted along the 
anterioposterior axis of the animal’s head. When compared with visual observations, 
the acceleration peaks exactly matched the frequency of uprooting jaw movements 
(uprooting bites) with a mean error of 4% to 5% (Figure 2 and Table 2). Sward height 
had no effect on the frequency of uprooting bites (p=0.410), probably because, in 
the range of sward heights used, the cows were able to adjust bite size to yield a 
constant grass DM intake per uprooting bite whatever the sward height (Carvalho et 
al., 2015). The frequency range observed here (60 to 88 uprooting bites.min-1) was 
slightly higher than the bite frequencies of 30 to 70 bites.min-1 reported previously 
by Oudshoorn & Jorgensen (2013).
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LSH1 and HSH1 for July/August 2014, LSH2 and HSH2 for September/October 2014

Figure 1: User acceleration on x-axis signal in the frequency domain for one cow

¨ Number of detected uprooting bites
u Number of observed uprooting bites

Figure 2 : Comparison of observed and automatically detected uprooting bites using 
the IMU signals within single grazing bouts for one cow grazing a high sward height 
pasture in August.
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Detection errors were limited (Table 2). However, the number of uprooting bites was 
more often overestimated than underestimated when using the dominant peak in the 
frequency domain described above. A detailed observation of the video records for 
grazing bouts displaying this bias led us to hypothesise that some uprooting bites 
are not easily identified as such during visual observations. This visual misdetection 
might lead to lower counts of uprooting bites compared to acceleration-based counts. 
The observed differences between the present study and Oudshoorn & Jorgensen 
(2013) might also originate from the same bias, although other factors such as animal 
and grass characteristics might also explain why uprooting bite frequencies were 
higher in this study than in the previously reported work.

Table 2: Uprooting bite detection errors compared to visual observation

Sward height Error min. Error max. Mean ± standard dev.

LSH1 (summer 2014) 0 9 5%±2%

LSH2 (autumn 2014) 0 16 4%±4%

HSH1 (summer 2014) 0 16 5%±5%

HSH2 (autumn 2014) 0 10 4%±2%

Conclusion

These results indicate that adding the frequency-domain peak analysis to the time-
domain based Boolean algorithm for the detection of grazing behaviour proposed 
by Andriamandroso et al. (2014) could enhance its accuracy. This peak frequency 
range would be useful as a means of differentiating grazing from other behaviours 
performed with the same posture, such as drinking or looking for forage on the 
pasture. In addition, since contrasting sward heights produced easily detectable 
changes in grazing bouts, a deeper analysis of the length of the different phases 
within grazing bouts combined with bite weight measurements under contrasting 
pasture conditions might help in assessing the forage intake of ruminants on pasture.
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Abstract

Think big, start small. With that thought in mind, Smart Dairy Farming (SDF) 
developed a platform to make real-time sensor data from different farms available, 
for model developers to support dairy farmers in Precision Livestock Farming. 
The data has been made available via a standard interface on an open platform in 
real-time at the individual animal level. The platform, known as InfoBroker, must 
furthermore be suitable for a large-scale roll-out. The concept of this InfoBroker 
is designed as a breakthrough when it comes to making data stored in diverse 
places available in an efficient manner. Data is not stored centrally, but remains 
at the source. The InfoBroker is capable of retrieving individual cow data from 
an infinite number of sources while at the same time serving a large number of 
models on-demand. For each farm it is specified which data may be released by 
the InfoBroker. This means that the farmer continues to be the owner of the data. 
In SDF 1.0 (2011 - 2014) the InfoBroker is developed and used for supporting 7 
farmers by providing them 11 different cow-specific work instructions, generated 
by 3 expert models.

This paper describes the results from SDF 1.0 and also the next steps to be made 
in SDF 2.0 (2015 - 2017): the use of data-driven analyses of the cow centric 
data and the use of Linked (open) Data technics as a mean for standardizing the 
exchange of sensor data for the 60 farmers in SDF 2.0 (with an outlook to the 
15.000+ farmers in the Netherlands).

Keywords: linked data, infobroker, sensor data, cow centric, big data, precision 
livestock farming

Introduction

The SDF program’s overall aim is to support dairy farmers in the care of 
individual animals, with the specific goal of a longer productive stay at the farm 
and with an increased lifetime milk production due to improvement of individual 
health (Knijn et al, 2013). Within this paper we focus on the IT architecture of 
the SDF program.

In order to quickly respond to changes in the cow’s situation, cows need to be 
monitored in near real-time and this data must be made available for near real-
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time models. In other words the program provides cow specific advice to the 
farmer, based on near real-time analysis models using near real-time sensor 
data. 
Two design principles were formulated:

1. Be as flexible as possible: let the farmer decide which sensor devices he 
uses and from which analysis models he wants to make use of, and also 
the additional granted parties which are allowed to use his data.

2. Sensor data is not copied and or stored centrally, but remains at the 
original storage location (e.g. of the device supplier). 

The first design principle involves the requirement that the farmer should be in 
control of which equipment he uses on his farm. Farmers have several devices 
in use, such as: yield measurement in the milking parlor, water dispensers, 
weighing scales. Several manufacturers supply such devices and ideally they all 
should be useable to provide sensor data for the analyses models. At the same 
time the farmer should be free in selecting a consultancy organization to provide 
him with insights and advice on his cattle. All consultancy organizations should 
be able to feed their analyses models with real-time sensor data coming from the 
farm of the customer. In both cases it is the farmer himself who determines what 
he wants to use and pay for. 

The second design principle is about the location and control over the sensor 
data. The sensor data of a particular farm is owned by the farmer. He should be 
the only one in control over who is using his sensor data for what purpose. In 
order to emphasize this level of control, the data should remain at the source, 
under the responsibility of the device supplier. Although storage, access control, 
billing, etc. can be centralized (outsourced), the data itself should stay under 
control of the owner (the farmer). 

Material and Methods

Available Data
Seven farms participated in the SDF 1.0 program, all located in the northern 
part of the Netherlands. On these farms eight categories of sensors were used in 
different combinations, see the table below. These sensors came from a diverse 
group of suppliers (in alphabetical order): Agis, DeLaval, Förster, Gallagher, 
Lely, Nedap, SCR and smaXtec.
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Table 1: Indication of available sensor data categories at the farms

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 Farm 7
# cows/calves1 459 186 315 239 706 202 351
Behaviour x x
Temperature x x
Activity x x x x x x
Milk production x x x x x
Food intake x x x
Weight x x x x x x x
Water intake x x
Milk intake x x

Each sensor category consists of one or more sensor types. The milk production 
measured by Lely consists next to the milk yield, also of the milk duration, visit 
duration, protein, fat, lactose, milk temperature and more. Other manufacturers of 
milking equipment might use a different set of parameters. In average there are 
about 25 sensor types per cow, the exact number of sensor types per cow might vary, 
depending on the farm. 

In addition to the near real-time available sensor data we make use of other cow 
related data, e.g. birth date, gender, last in heat date, last insemination date, expected 
calving date, number of inseminations, etc.

Methodology
Based on the two design principles mentioned in the introduction, the following 
methodology is developed:

1. Convert device centric sensors into cow centric sensors
2. Decouple direct link between sensor sources and analyses models, by making 

a broker which routes data requests towards the correct source(s).
3. Semantically integrate sensor data from different sources:

a. Describe semantically sensor data and bring sensor types closer 
together.

b. Standardize sensor data in order to avoid inconsistencies between 
two sensor sources.

 Step1: Why cow centric sensors?

1  This row gives the total numbers of cows and calves at the farms (February 2015). 
Not all the animals are monitored for SDF yet (e.g. at farm 3 and 4 only calves are 
monitored for Young Stock Rearing). 
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The cows are passing along most devices on the farm. Each cow visits the device at 
certain moments in time. The sensor in the device produces a list of measurements 
containing data for all visits. Often a farm has several devices of the same type, multiple 
milking stands, multiple weighing scales, etc. Each device is producing measurements 
for all cows. 

A cow specific analyses model would like to have sensor data on a per cow and per 
device type basis. For each cow and for a requested period all its weights measurements, 
unrespectable which weighing scale produces the measurement, as long as semantically 
the measurements are the same, for instance tare weight in kg. If the measurements are 
semantically not the same, step 3 is necessary.

In order to facilitate these cow specific analyses models, the device centric sensor data 
should be converted into cow specific sensor data.

Step 2: Why decouple?
A cow specific analyses model needs input from one or more real-time sensors. There are 
several reasons to decouple the direct link between sensors and analyses models:

•	 Provide a one-stop-shop for analyses vendors for retrieving data to feed their 
analyses models, avoiding each model to implement all available device specific 
interfaces to collect the necessary real-time sensor data.

•	 To be able to process sensor data requests about data which is divided over 
several locations (farms).

•	 To be easily able to add access control, in order to limit which analyses models 
(or any other interested party) may use which part of the sensor data of a certain 
source.

•	 To be easily able to add billing, in order to bill analyses model vendors (or other 
using parties) for the usage of the sensor data of a specific farmer.

•	 To be able to outsource the hassle of managing all these points and make it 
available as a service.

Step 3: Why semantic integration?
Adding new sensors instantly, without involved parties having to implement a new 
interface, would require also semantic integration. As mentioned before, possibly not 
all measurements of the same device type, such as a weighing scale, a water dispenser, 
etc., have indeed the same semantics. Some weighing scales produce tare weight, others 
don’t. Some water dispensers produce measurements in ml (milliliters) others in l (liters). 
Analyses models have to understand the semantics of a certain measurement if they want 
to use that sensor data. To reduce the burden on the analyses model developers it would 
be convenient if these differences can be automatically converted into a concept (liters for 
instance) that the analyses model wants to use. Some of these differences can be solved by 
describing them all semantically and also describe their relation towards one another (a 
1000 ml is a liter), step 3a. Ideally there is a commonly agreed standard which describes 
the concept in a uniform manner, step 3b. Then all devices can internally convert the 
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output of their sensors into this standardized concept and all measurements are directly 
comparable and usable by an analyses model without any necessary conversions. 

Results and Discussion

To successfully develop a platform that makes real-time sensor data available to model 
developers, from different farms, the data must be made available via a standard interface 
on an open platform in real-time at the individual animal level. The dairy farmer remains 
the owner of his data. He must be able to decide which parties can have access to this 
data. The platform must furthermore be suitable for a large-scale roll-out in order to be 
prepared for the majority of the Dutch cattle farms. This includes farmers, suppliers of 
sensors, model developers and service suppliers who currently are not participating in 
the program. The ambition is to extend this also to other countries. Interesting work 
concerning ontologies and semantics has already been done by the project agriOpenLink 
(Tomic et al, 2014).

Based on the methodology, the InfoBroker is being developed as a generic platform for 
making cow-centric data available. The suppliers of sensor data, as well as the model 
developers, will subsequently have to adopt a cow-centric approach. The real-time 
models translate the retrieved sensor data into work instructions (also called Standard 
Operating Procedures, SOP’s) that can be applied instantly in practice by the dairy farmer 
or his employees. In figure 1 a schematic overview of the architecture is depicted. The 
platform is currently being used by 7 farms, but has been designed to at least support the 
more than 15000+ Dutch dairy farms in real-time.

Figure 1: Schematic architecture
Below a number of graphs which give an indication of the amount of data that has 
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been made available via the InfoBroker (November 2014 up to January 2015). 

Figure 2: Number of cows (left column) and number of sensor fields (right column), 
with the total numbers (top row) and the active ones (bottom row)
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Figure 3: Number of stored measurements over time

The setup of the SDF 1.0 program resulted in the following metrics:
- 7 farms were participating, with 180 – 700 cows per farm (see also table 1).
- In average there were circa 1800 actively monitored2 cows, with circa 51000 

active sensor fields (see figure 2). 
- This is an average of 28 different sensor fields per cow.
- More than 1 year of sensor data is gathered, resulting in 325 million 

measurements (figure 3) which equals to 23 Gb of stored measurement data.

The developed architecture and InfoBroker platform of figure 1 is used by several 
real-time models, like young stock rearing (Ipema et al, 2014), heat detection 
(Kamphuis et al, 2014) and transition (not yet published).

Conclusions and Future work

This paper recommends a platform (architecture and approach) for near real-time 
large scale (sensor) data to provide Precision Livestock Farming. The platform gives 
access to the sensor data of approximately 1800 actively monitored cows (and a 
history of an additional 1700 cows), with an average of 28 sensor fields per cow. The 
platform is used by several near real-time models to create work instructions (SOP’s) 
for farmers on individual cow level in the field of young stock rearing, heat detection 
and transition.

Future work
In the follow-up program SDF 2.0 the transition is made from a “Proof of Concept” 
(SDF 1.0) to a “Proof op Practice”. That means the developed real-time models using 
the InfoBroker will be used in a 50 - 60 additional farms (with an outlook to the 
15000+ farmers in the Netherlands).

2  If sensor data for a specific cow in a specific month is available via the InfoBroker, 
this cow is considered to be actively monitored.  
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In order to implement the semantical integration, Linked (Open) Data technics will 
be used as a mean for standardizing the exchange of sensor data.

Next to this, the use of data-driven analyses of the cow centric data will be explored, 
e.g. to what extend can this support the farmer with concrete work instructions in 
Precision Livestock Farming?
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Abstract

The aim of the Dutch Smart Dairy Farming project is to develop decision support 
models for operational support in farm management. This project started in 2012 
and involves collaboration between several institutions and companies in the dairy 
chain. The project has three focus areas: animal health, fertility and feeding. The 
objective of the ‘animal health’ focus area is to optimise young stock rearing as a 
basis for extending the life of cows. Lowering the annual replacement rate, which is 
currently about 30%, has a significant positive impact on financial results. The main 
objectives of this young stock rearing project were to develop state-of-the-art tools 
which would help the farmer to optimise growth and development of young stock. 
Milk feeders and water drinkers combined with weighing scales were used for data 
collection at individual calf level. Daily data about milk intake, milk feeder visits, 
water intake and body weight were used to build detection models that generate 
alerts when measured values deviate and indicate a possible health problem. Body 
weight measurements were also used to determine the growth rate of a calf and to 
produce an alert if this deviated too much from a desired growth rate. All alerts were 
translated into messages with work instructions for the farmer. Weekly feedback 
from the farmer indicated that almost 60% of the messages were correct. It is 
suggested that the large number of wrong messages (false positives) can be reduced 
by applying more advanced analysis techniques.

Keywords: young stock, milk feeder, water intake, body weight, detection model

Introduction

The ‘Smart Dairy Farming (SDF)’ project was launched in the Netherlands in 2012. 
As part of this project, companies in the dairy chain cooperate in the development of 
sensor technology and decision support models for operational on-farm management 
and relevant information is exchanged between the dairy chain partners. 
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Dairy farmers are supported in the care of individual animals, with the objective 
of achieving good health, a longer life and a longer productive lifetime for the 
cow. Sensors and other technological tools, decision models and advice products 
are developed and applied in order to achieve these goals. The parallel aim is to 
contribute to a more sustainable dairy chain. 
The project has three focus areas: animal health, fertility and feeding. The work 
being carried out within the ‘animal health’ focus area is aimed at optimizing 
young stock rearing as a basis for long-lived cows. In dairy farming about 30% of 
the dairy herd is replaced annually. Lowering the replacement rate has a significant 
positive impact on the financial result (Mohd Nor et al., 2012). Less replacement 
means a longer lifespan and thereby an increase in the lifetime production per 
cow. Proper development during rearing has a positive effect on milk production 
(Soberon et al., 2012).
The focus of this project was to recognise and properly address the problems that 
arise in young stock rearing. This paper only considers rearing during the first 4 
months, in particular the suckling and weaning period.
The objective of this research was to demonstrate the possibilities for generating 
information on milk intake, water intake and growth of individual calves in the 
first 100 days of life in order to support the farmer on a daily basis with dedicated 
instructions for managing these animals.

Material and methods

Devices and data collection
The current real time system was developed for young stock from birth until the 
age of 100 days (weaning period). It uses data from a dairy farm where about 75 
new-born calves of the HF/FH breed are kept for rearing annually. Figure 1 shows a 
schematic layout of the barn in which these calves were housed. 

Figure1: Schematic layout of the young stock barn.
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Pens 1 and 2 each had a calf feeder station (Delaval, Förster Technik, Type:TAP5-
SA2-27-F1/400). In the calf feeder stations the daily amount of milk provided for 
each calf depended on its age: from the age of 14 to 22 days the amount increased 
from 5 to 6 kg, from 23 to 47 days the amount remained constant at 6 kg, and from 
48 to 73 days of age the amount decreased from 6 to 1 kg. Pens 2, 3 and 4 each had 
a water drinking station with a water meter (Condis RTK Qn1,5 with pulse output, 4 
pulses per litre). Weighing floors (Gallagher 3E2363 Weigh Scale W610, accuracy: 
± 1%) were installed in the milk feeding stations in pen 1 and 2 and in the water 
drinking stations in pen 3 and 4. Pens 1, 2 and 3 had a straw bed with space for 5-10 
calves each. Pen 4 had 12 cubicles and a slatted floor. In pens 1, 2 and 3 calves had 
ad lib. access to All-in-One pellets at the feeding fence; in pen 4 a good quality grass 
silage was available ad lib.
The calves were placed in pen 1 at the age of 14 days. Calves were successively 
transferred to the next pen depending on the weaning time and the available space in 
the pens. The following data were collected at each visit to a milk or water feeding 
station: calf ID, date and time of visit, milk or water intake and body weight. This 
information was converted on a daily basis into totals per day for milk and water 
intake, total and rewarded visits to a milk feeding station and average body weight. 
Table 1 gives an overview of the data collected for four age periods of 25 days. Milk 
feeder data for the age period 0-25 d only refer to the last 10-11 days of this period 
because calves entered pen 1 at the age of 14 days. The table is mainly intended to 
provide insight into the level of the variables used in this research.

Table 1: Mean and standard deviation of variables used in the development of 
detection models over 4 age periods (41 calves per age period).

Age period Variable 0-25 d 26-50 d 51-75 d 76-100 d

Weight1 (kg) 46.5 (4.33) 61.2 (5.46) 84.8 (8.36) 109.8 (8.64)

Growth rate (g.d-1) 0.315 (0.129) 0.580 (0.121) 0.948 (0.214) 0.993 (0.212)

Milk intake2 (kg.d-1) 5.5 (0.17) 5.9 (0.09) 2.9 (0.37)

Rew. milk station visits2 (d-1) 3.9 (0.35) 4.1 (0.21) 2.1 (0.30)

All milk station visits2 (d-1) 14.7 (5.40) 15.0 (4.19) 13.7 (3.41)

Water intake (kg.d-1) 7.4 (3.70) 17.1 (5.28)

1 at last day of age period
2 only over days calves were able to visit milk feeding station
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The average birth weight of the calves was 38.6 kg (standard deviation 4.00 kg). The 
growth rate increased from 0.315 g.d-1 in the first 25-d period to 0.993 g.d-1 in the last 
period. The variation in body weight and growth rate between calves was quite large.
Milk was only available to the calves in the first three periods. As expected, the daily milk 
intake in each period reflected the programmed amounts according to the milk ration 
scheme. The number of rewarded visits followed the amount of milk made available 
each day and was clearly lower in the age period 51-75 days when the availability of milk 
was phased out. The total number of visits to a milk feeding station was about 4 times 
the number of rewarded visits. Moreover there was considerable variation (standard 
deviation) between calves with regard to the total number of visits. The total number of 
visits is a sign of the eagerness of the calf (Svensson & Jensen (2007) and might therefore 
be of interest as a parameter to indicate calf activity.
In the age period 51-75 days the average daily water intake was 7.4 kg.d-1. The large 
variation in water intake between the calves during this period is striking, and 
indicates that there is a big difference between calves in terms of their ability to 
adjust to water at weaning. Water intake increased significantly during the age period 
76-100 days, corresponding with an expected increased intake of solid feed. This 
increase in water consumption in the last two age periods corresponds with the 
findings of Huuskonen et al. (2011).

Data analysis and modelling

The recorded data, as summarised in Table 1, were used to model normal behaviour 
of a variable. Sensor data must be converted into alerts to make the system applicable 
as management information for the farmer. This was achieved by pre-processing the 
data and analysing it using detection models. In a first step, the data were corrected 
for errors caused by missing and incorrect measurements. Detection models than 
produced calf-specific alerts for the univariate variables milk intake, all milk station 
visits, rewarded milk station visits, water intake and body weight. The models for 
all milk station visits, rewarded milk station visits and water intake produced alerts 
if the deviation between running average and actual value of the variable was larger 
than the standard deviation (calculated over the previous seven days) times a factor. 
The milk intake model produced an alert if the actual milk intake on one or two 
consecutive days was more than 4 kg lower than the programmed quantity. 
Two types of weight alert were produced, one for weight outliers (sudden lower 
weight) and one for growth trend deviations. Weight outlier alerts were triggered if 
the weight on two consecutive days was lower than might be expected based on the 
running average weight over the previous 7 days. Trend deviations were calculated 
for both weight and growth by comparing the running means (7 days) of the measured 
and the normative values. An alert was only produced if the running means for both 
weight and growth were a certain factor below the normative values. 
The method for determining whether a new measurement value will or will not fit the 
models will be explained on the basis of charts (Figure 2). This figure gives the daily 
recorded parameter values for one calf. 
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Figure 2: Graphical presentation of individual calf data with alerts for deviating 
values. a. Milk intake and milk ration in kg per day (red triangle is alert for low milk 
intake); b. Water intake in kg per day (red triangle is alert for low water intake); c. 
All and rewarded milk station visits per day (red triangles are alerts for low visiting 
frequency); d. Average daily body weight and reference body weight (red triangles 
are alerts for decreased water intake; green diamond is alert for too low weight and 
growth compared with reference weight and growth).
The programmed daily milk ration is shown as a green line in Figure 2a. Based on a 
deviation of more than 4 kg on two consecutive days, this calf received an alert (red 
triangle) on age day 53. 
Milk visit alerts were produced according to the detection models described. In 
Figure 2c alerts (red triangles) for lower total visits were produced on days 31 and 
46; this calf had no alerts for too few rewarded visits. 
The water intake detection model generated an alert for the calf in the example 
(Figure 2b) on day 82 (red triangle) because the intake was too low. 
In Figure 2d an alert (red triangles) for a sudden lower weight was produced on days 
40 and 83-85 because the weight had decreased on at least two consecutive days.
Alerts for growth trend deviations were produced if both weight and growth were 
too far below normative values. An alert for a deviation in growth trend was only 
produced on a defined day of age. Here this is on day 42. On this day an alert was 
produced for the calf in Figure 2d (green diamond) because its weight and growth 
rate did not follow the normative values for weight and growth rate at a satisfactory 
level (factor used: 85%).  
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Standard operating procedures
For real time application, alerts produced by the models were converted into Standard 
Operating procedures (SOP). These gave the farmer instructions about what to do if a 
certain alert was produced. For the young stock rearing application, three SOPs were 
developed for calves up to the age of 100 days. 
SOP YC1 <Teach calf to use milk feeder station> was generated when a calf received a 
milk intake alert within the first 5 days on the feeder. This means that this calf probably 
had problems in using the feeder and needed assistance from the farmer in learning to 
do so. 
SOP YC2 <Check health , treat calf> was generated when a calf received one or more 
alerts for milk intake, total number of visits, total number of rewarded visits, sudden 
weight deviation or water intake. The farmer was supposed to check the health status of 
calves that received this SOP message. He could look up in the system which parameter 
or combination of parameters were responsible for the message. The severity of the 
deviation was also displayed.
SOP YC3 <Adapt weaning schedule> was generated for a calf of 42 days of age that 
received an alert for a growth trend deviation. This message meant that the farmer 
should consider extending the weaning schedule, i.e. delaying weaning.

ICT architecture
The data collected at each visit to a milk or water feeding station were automatically 
stored in an external database and made available via an information broker (Vonder 
& Donker, 2014). The information in the database was used offline to develop the 
abovementioned software for generating alerts when anomalies occur in the data 
streams for an individual animal. This software ran online (in real time) at scheduled 
times each day and presented the abovementioned SOPs to the farmer in an internet 
application. The SOP messages given in 2014 were analysed with regard to the 
underlying alerts. The messages were also discussed with the farmer on a weekly basis. 

Results and discussion

In 2014 there were, on average, 20-21 calves within the age category up to 100 days 
on the farm every day. In total two SOP YC1 messages (Teach calf to use milk feeder 
station) were produced, which means that in general the calves quickly learnt to adapt 
to the milk feeding station by themselves. The procedure for introducing a new calf 
into a group is also important in this respect; the farmer immediately brings the calf to 
the milk feeder and teaches it to use the device.
SOP YC2 (Check health, treat calf) produced 563 messages in 2014. This means that 
7.5% (1 or 2) of the calves in the age category up to 100 days received an SOP YC2 
message each day. An SOP YC2 message was generated when at least one of the 
parameters milk intake, total number of visits, total number of rewarded visits, body 
weight or water intake produced an alert. Table 2 gives an overview the parameter 
alerts that were responsible for the SOP YC2 messages.
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Table 2: Overview of the SOP YC2 messages with the underlying parameter alerts.

Number of parameter alerts per SOP
1                      2                3 or 4 Total

SOP messages (n) 510 51 2 563

Frequency (n) of alerts for underlying parameters:

Milk intake 34 15 2 51
Rewarded milk feeder visits 28 32 2 62

All milk feeder visits 204 31 2 237
Body weight 170 17 1 188
Water intake 74 7 0 81

All 510 102 7 619

Less than 10% of the SOP messages were based on alerts from two or more 
parameters. Most messages were based on an alert from just one parameter. The 
highest numbers of alerts were produced by the parameters ‘all milk visits’, ‘body 
weight’ and ‘water intake’. It was not easy to judge whether an SOP message was 
true or false. The weekly feedback from the farmer indicated that almost 60% of 
the messages were correct. The most frequently mentioned causes for the true alerts 
were respiratory and lung problems, heat stress, coccidiosis and transfer to another 
pen. In the farmer’s opinion, the large number of incorrect messages, or in other 
words false positives, that occurred were mainly caused by ‘water intake’ alerts. The 
fact that a large number of the SOP messages were based on only one parameter alert 
indicates that more advanced analysis techniques, where multiple parameters are 
processed together, should be used. It is expected that a multivariate analysis will 
give better detection results (De Mol et al., 1997). 
The growth trend at the age of 42 days was analysed for a total of 73 calves. SOP 
YC3 messages (Adapt weaning schedule) were generated for 22 (30%) of these 
calves. This was partly due to the lower birth weight of the calves on this farm (36.8 
kg) in comparison with the birth weight estimated with the normative growth curve 
applied (44.6 kg). This has led to consultations between the farmer, feed adviser and 
researchers, resulting in recommendations for adaptations to the underlying rules for 
generating SOP YC3.

Conclusions

The project so far has shown that is feasible to automatically collect various relevant 
data from individual calves on a farm. It was also possible to provide the farmer 
with instructions for dealing with the calves if the measured data showed deviations. 
However, the number of irrelevant messages (false positives) was too high, which 
showed there is a need for improvements to the decision support software employed. 
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Abstract

Sensor systems for oestrus and disease detection are increasingly used on dairy farms. 
It is, however, not known whether using sensor systems also improves production, 
health, reproduction and economic performance of the farm. The first objective of 
this study is to investigate the effect of sensor systems on milk production, days to 
first service and somatic cell count of the herd. The second objective is to investigate 
the impact of investment in sensor systems on several cost components and revenues. 
Data on production, health and reproduction over the years 2003-2013 was available 
for 414 Dutch dairy farms with sensor systems on an automatic milking system 
(n=103), with sensor systems on a conventional milking system (n=49) and without 
(n=262) sensor systems. In addition, farm accounting data of 217 dairy farms with 
sensor systems on an automatic milking system (n=54), with sensor systems on 
a conventional milking system (n=36) and without (n=127) sensor systems was 
available for the years 2008-2013. 
Having sensor systems was associated with a higher average production per cow on 
farms with an automatic milking system, and with a lower average production per 
cow on farms with a conventional milking system in the years after investment. Farms 
with an automatic milking system had on average 12,000 cells/ml higher somatic 
cell count after adoption of the sensor system whereas farms with a conventional 
milking system had on average 10,000 cells/ml lower somatic cell count. 
Total capital costs and milk revenues increased after investment in sensor systems 
on farms with an automatic milking system. Labour costs did not decrease after 
investment in sensor systems.

Keywords: dairy, sensors, economic, milk production

Introduction

A sensor system can be defined as a device that measures a physiological or behavioural 
parameter of an individual cow and enables automated, on-farm detection of changes in 
this condition that is related to a health event and requires action by the farmer (Rutten 
et al., 2013). So far, research on sensor systems mostly focused on the development of 
the sensors and the detection performance (see for a review Rutten et al., 2013). 
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It was found that the use of sensor systems can improve oestrus and disease detection 
performance. It is, however, not known whether using sensor systems also improve 
measures of health, reproduction and production such as the average days to first service 
and the average SCC. So, it is not known whether the use of SCC sensors improve the 
average SCC of the herd, and whether the use of sensor systems for oestrus detection 
result in a lower average days to first service of the herd. Probably, the use of sensor 
systems is associated with  an increase in the milk production level of the herd as well 
as it is known that a shorter calving interval results in a higher milk production (Auldist 
et al., 2007) and that a high SCC is associated with milk production losses (e.g., Halasa 
et al., 2009). 
Farmers mentioned that reducing labour and easing management were important 
reasons for investing (Steeneveld and Hogeveen, 2015). This would mean that the 
dairy farmers who invested in sensor systems use their labour more efficiently after 
the investment in sensor systems. Therefore, probably a change in labour costs can be 
observed. The economic effects of investing in sensor systems was only investigated 
in normative studies (Bewley et al., 2010; Rutten et al., 2014), and no empirical studies 
were performed yet on the economic effect of investing in sensor systems. 
The first objective of this study is to investigate the effect of sensor systems on milk 
production, days to first service and SCC of the herd. The second objective is to 
investigate the impact of investment in sensor systems on several cost components and 
revenues. 

Material and methods

Data
In the Netherlands, in 2013 a survey was conducted about the use of sensor systems at 
dairy farms. A link to the survey was sent by email to 1,672 Dutch dairy farmers. The 
list with email addresses was provided by a Dutch accounting agency (Accon AVM, 
Leeuwarden, the Netherlands). The farms were located all over the Netherlands, but 
the majority was located in the north of the country. In total, 512 farms completed the 
survey (response rate of 30.6%), 202 farms indicated that they have sensor systems and 
310 farms indicated that they did not have sensor systems. For the farms with sensor 
systems information was available on the type of sensor system, whether the sensor 
system was part of an AMS and the year of investment. More information about the 
data collection is described by Steeneveld and Hogeveen (2015). 
In total, 414 farms (152 with sensor systems and 262 without sensor systems) gave 
permission to use the measures of health, reproduction and production that CRV 
(Cattle Improvement Cooperative, Arnhem, the Netherlands) has about their farms. 
CRV provided information about yearly averages for milk production, SCC and 
reproduction of those 414 farms for the years 2003 to 2013. An overview of the sensor 
systems available at the 152 farms with sensor systems is provided in Table 1.
In addition, for 217 out of the 512 dairy farms Accon AVM provided accounting data for 
the years 2008 to 2013. Data of 54 farms with sensor systems on an automatic milking 
system, 36 farms with sensor systems on a conventional milking system (CMS) and 127 
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farms without sensor systems was available The accounting data included information 
on revenues (e.g., revenues from milk and other farm activities), depreciation (e.g., 
on buildings and machinery), fixed costs (e.g., costs for maintenance of buildings and 
machinery), variable costs (e.g., costs for feed, breeding and energy and water) and 
general farm information such as the number of cows, number of hectares, amount of 
milk quota and the available full-time equivalent (FTE). 

Table 1: Overview of sensor systems present at farms with an automatic milking 
system (AMS) and a conventional milking system (CMS). 

Type of sensor system at the farm No. of AMS 
farms (n=103)

No. of CMS 
farms (n=49)

Electrical conductivity sensor 101 20
Colour sensor 64 1
Somatic cell count sensor 15 0
Lactate dehydrogenase (LDH) sensor 2 1
Activity meters or pedometers for dairy cows 47 46
Progesterone sensor 1 1
Milk temperature sensor 52 3
Weighing platform 32 3
Fat and protein sensor 23 0
Rumination activity sensor 11 10
Temperature sensor 6 9
Beta-hydroxybutyrate (BHB) sensor 2 1
Urea sensor 1 1
Other sensor systems 4 4
Activity meters or pedometers for young stock 13 17

Analyses on effect on production, reproduction and health
In total 3 statistical analyses were performed to investigate the effect of sensor 
systems on production (milk production per cow), reproduction (days to first 
service) and health (somatic cell count). In the first analysis, average yearly 
production per cow was the dependent variable and year, percentage growth in 
herd size and whether the farm have sensor system were included as independent 
variables. In the second analysis, average SCC was the dependent variable, 
and year, percentage growth in herd size, and whether the farm has a sensor 
system for mastitis detection were included as independent variables. In the third 
analysis, the average days to first service was the dependent variable and year, 
percentage growth in herd size and whether the farm has a sensor system for 
oestrus detection for dairy cows were included as independent variables. In all 
analyses, growth in herd size was defined as the percentage increase or decrease 
in number of cows in comparison with two years earlier. Whether the farm has a 
sensor system for the years in the data was defined as follows: 0=years without 
sensor system for farms who never invest in sensor systems, 1=years before 



Precision Livestock Farming ‘15312

the investment in sensor system on AMS farms, 2=years after the investment in 
sensor system on AMS farms, 3=years before the investment in sensor system on 
CMS farms, 4=years after the investment in sensor system on CMS farms. Herd 
was included as a random effect.

Analyses on costs and revenues
Average values for all costs and revenues over the years 2008 to 2013 were determined 
for farms that never invested in sensor systems, for AMS farms before and after the 
investment in sensor systems and for CMS farms before and after the investment. 
Total capital costs included fuel costs, expenses and depreciation on buildings, 
expenses and depreciation on machinery and equipment, and miscellaneous costs. 
Total variable costs included costs for roughage, concentrates, substitutes for 
concentrates, milk products, minerals, fertilizer, pesticides, breeding, health care, 
energy and water, manure removal and miscellaneous costs. Total labour costs 
included costs for contract work, paid labour and calculated costs for own labour, 
which was calculated by using the available FTE and assuming 52 weeks, 40 hours 
a week and a hourly rate. The hourly rate was different for the years 2008 to 2013, 
and varied between €19.80 and €21.89 (CBS, 2014a). Total revenues included milk 
revenues, livestock revenues, revenues from other farm activities and miscellaneous 
revenues. To compare costs and revenues of the years 2008 to 2013 it was necessary 
to recalculate the variables on costs (total labour costs, total capital costs and total 
variable costs) and revenues. For that purpose, price indices obtained from Dutch 
economic institutes (CBS, 2014b; LEI, 2014) were used and the year 2008 was 
defined as the base year. 

Results and Discussion

Having sensor systems was associated with the average yearly production per cow. 
AMS farms with sensor systems had a 189 kg higher average production per cow after 
the investment, while CMS farms with sensor systems had a 428 kg lower average 
milk production per cow after the investment in sensor systems. These results are 
consistent with previous research that found that milk production increased with an 
AMS. The increase is due to a higher milking frequency (e.g., Kruip et al., 2002). It 
was, therefore, hard to determine whether the increased milk production was caused 
by the increased milking frequency or by the use of sensor systems. 
CMS farms with sensor systems had a lower milk production in the years after 
investment in sensor systems. This is an unexpected observation. Most likely, the 
reason behind the decreased milk production is that 96% of the farmers with sensor 
systems and a CMS indicated that the investment in sensor systems went together 
with another major change at the farm, such as a new barn and/or a new milking 
system (Steeneveld and Hogeveen, 2015). Most likely, these changes have led to 
a drop in milk production which could not be compensated by the use of sensor 
systems. Because almost all farmers indicated that there was a major change at the 
farm in the year of investment in sensor systems it was not possible to separate the 
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effect of the sensor system and the effect of the other major change. It might be 
expected that at the longer term, the milk production will be increasing again, but we 
do not have enough long-term data to confirm or reject such a hypothesis.
Having a mastitis detection sensor system, year and growth in herd size were 
associated with the average SCC of the herd. AMS farms had, on average, an increase 
in SCC of 12,000 cells/ml after the investment. CMS farms with a mastitis detection 
system had, on average, a decrease in SCC of 10,000 cells/ml in the years after 
the investment (Figure 1). Because all AMS farms have mastitis detection sensor 
systems, results of our study can be directly compared with earlier studies on the 
effect of the introduction of AMS on SCC. Many aspects change when farms start 
milking with an AMS, and one of the changes is that farmers are not present anymore 
during the milking process and have to use the mastitis detection sensor systems to 
detect clinical mastitis. These detection models are not perfect (e.g., Rutten et al., 
2013). It is interesting to see that CMS farms with mastitis detection sensor systems 
have a lower SCC after the investment. When using mastitis detection sensors in 
a CMS, the farmer is present to check the alerted cows immediately. Moreover, 
also non-alerted cows with mastitis can be found as the farmer still can visually 
inspect the cows before milking. In addition, on CMS farms the investment in 
mastitis detection sensor systems is made deliberately, and, most likely, farmers use 
it therefore intensively (Steeneveld and Hogeveen, 2015) resulting in more attention 
for mastitis detection and, therefore, a lower average SCC.

Figure 1: Estimated average SCC for farms who never invested in mastitis detection 
sensor systems, for farms with an automatic milking system (AMS) before and after 
the investment in mastitis detection sensor systems and for farms with a conventional 
milking system (CMS) before and after the investment in mastitis detection sensor 
systems. Values represent model predictions, and bars represent SE.
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Having oestrus detection sensor systems did not have an effect on the days 
to first service. It is frequently mentioned that using oestrus detection sensor 
systems results in an improved oestrus detection (e.g., Kamphuis et al., 2012), 
but current results show that the dairy cows are not inseminated earlier. It is 
possible that the farmers detect the oestrus better but still use the same rules on 
when to start inseminating as without oestrus detection sensor systems, which 
results in equal days to first service. For instance, starting to inseminate cows 
after a voluntary waiting period is such a rule. Another reason for a lack of effect 
might be the motivation to invest. Most farmers invested in sensor systems for 
oestrus detection to improve the oestrus detection rate as well as to reduce labour 
(Steeneveld and Hogeveen, 2015). This means that the farmers are investing 
in sensor systems to ease management at the farms, and are thus less focused 
on improving reproduction measures of the herd. A final reason for not finding 
an effect on days to first service can be that the majority of the investments in 
oestrus detection sensor systems was in recent years (Steeneveld and Hogeveen, 
2015), which means that the positive effect of improved oestrus detection has 
yet to come.
During the years 2003 to 2013 the average number of cows on farms that never 
invested in sensor systems was 95. In the years before investment in sensor 
systems on AMS farms the average number of cows was 91, and this number 
increased to 104 cows in the years after investment. In the years before investment 
in sensor systems on CMS farms the average number of cows was 123, and this 
number increased to an average of 126 cows in the years after investment. An 
overview of the costs, revenues and profit on farms without sensor systems, on 
farms with sensor systems at an AMS and on CMS farms with sensor systems 
is provided in Table 2. A separation is made on the costs, revenues and profit 
in the years before and after the investment in sensor systems on both AMS 
and CMS farms. Total capital costs, total labour costs, total variable costs and 
total revenues were €11.28, €12.38, €18.55, and €46.28 per 100 kg of milk 
on farms without sensor systems. After investment in a sensor systems at AMS 
farms the total capital costs increased significantly from €10.49 to €15.08 per 
100 kg of milk. This increase was due to the significant increase in depreciation 
on buildings, expenses on machinery and equipment and fuel costs. Labour 
costs (contract work, paid labour and own labour) and variable costs did not 
significantly change after investment in sensor systems on AMS farms. Total 
revenues were higher after the investment in sensor systems on AMS farms, 
especially due to higher milk revenues. On CMS farms there were no differences 
in costs, revenues and profit between the years before and after the investment 
in sensor systems. 
A decrease in labour costs was expected after investment in sensor systems. The 
results show, however, no decrease in labour costs after investment in sensor 
systems on both AMS and CMS farms (Table 2). The costs for own labour were 
determined by using the FTE, and not finding a decrease in FTE might have several 
reasons. First, farms in the current dataset may be more focused on increasing in 
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size than on having more free time thus showing no decrease in FTE as they plan 
a transition to more cows. This movement to an increased size probably means 
that the released labour when starting using sensor systems is put into other 
farm activities that coincides with increasing in size. Another explanation for no 
change in FTE, could be that labour savings after investment in sensor systems 
are not as large as first expected. It is clear that some labour requirements are 
reduced, but those may be replaced with other labour requirements (interpreting 
sensor data and checking alerts), which results in the net labour change being 
ambiguous. There are no studies that investigated the change in labour time after 
investment in sensor systems. Finally, we used a very rough measurement to 
evaluate the changes in labour use. The FTE data were provided by the farmers 
themselves and they may record a full FTE regardless of the actual hours worked 
each year, which may be reduced by using sensor systems but still considered 
full time by most. A significant increase in total capital costs was observed after 
investment in an AMS (Table 2). Other studies evaluating investing in an AMS 
reported an increase in capital costs as well (e.g., Steeneveld et al., 2012). Also 
a significant increase in milk revenues was observed after investment in an AMS 
(Table 2), and this may be due to more than two milkings per day (e.g., Kruip et 
al., 2002). Milk revenues were higher in the years after investment in an AMS. 
Because of higher capital costs as well, the profit was lower in the years after 
investment in an AMS. 

Conclusions

Having mastitis detection sensor systems are associated with a decreased average 
SCC on CMS farms and with an increased average SCC on AMS farms in the 
years after the investment. Having sensor systems was associated with a higher 
average production per cow on AMS farms, and with a lower average production 
per cow on CMS farms in the years after investment. Having oestrus detection 
sensor systems did not improve the reproduction performance. Total capital 
costs and milk revenues increased after investment in sensor systems on AMS 
farms. A decrease in costs for own labour after investment in sensor systems was 
observed, but this decrease was not significant on both AMS and CMS farms.
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Abstract

A modern cowshed contains a large number of autonomous and semi-autonomous 
systems. These systems aim to reduce the amount of human resources required. 
However, the information from these systems has not been very well managed. 
Typically, there is no useful integration or data exchange between systems from 
different manufacturers and the information presented to users is often limited.

We have developed Cowlab ACIS (Advanced Cattle Information System), which 
combines data from different measurement systems to a central database in real-time 
(e.g. feeding, milking, animal positioning). The system has three aims: 1) centrally 
store and organize all research data for efficient use and analysis, 2) to be used as 
a daily management tool in research farms 3) serve as an information management 
platform for research, daily operations, and demonstration on dairy farms. The system 
is linked to the national database of animal recording and a milk analysis laboratory. 
The use of the system has decreased the amount of time and effort required for daily 
data handling by the farm staff, and enabled researcher’s access all relevant data 
from a single system. The system gives automatic reports combining the information 
from different subsystems and gives simple alarms from hardware failures. In the 
future, we plan to refine the automatic alarm system further. Furthermore, the system 
will be used to study the utilization of Precision Livestock Farming (PLF) in daily 
dairy management in practical conditions and demonstrate the benefits of efficient 
data use to local farmers.
 
Keywords: Farm information system, dairy management

Introduction

The current trend in farm systems appears to be towards larger farm sizes, both in 
Finland (Lehtonen & Pyykkönen, 2005; Luonnonvarakeskus, 2015; VYR, 2015) and 
abroad (Eurostat, 2015a). However, at the same time, the number of farm workers 
is not increasing, and thus there is a trend towards increased automation to enable 
a single worker to accomplish more (Eurostat, 2015b; Seeneveld and Hogeeven, 
2015). This holds true for many types of farming, including the cattle industry. A 
modern dairy cowshed contains a large number of autonomous and semi-autonomous 
robots for feeding, grooming, and milking of cows as well as management of fecal 
excretions.
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The increasing automation of cowsheds increases the amount of data required as 
input for controlling the systems and the amount of data produced as output. The 
output data can then be used, for example, to analyze the state of the cowshed, or to 
maintain situation awareness (Endsley, 2000; Smith & Hancock, 1995) of the cattle 
tenders and thus help them to make informed decisions on future activities. As cattle 
farming is becoming more and more mechanized the importance of the data gathered 
by the various systems increases. As the number of cattle increases, the cattle tenders 
have less time to interact with each individual animal and thus must use the data to 
maintain their awareness of the current situation in the cowshed (Rutten et al., 2013).
The data can also be used for controlling the automation systems. However, most 
cowshed automation systems use their own proprietary data management methods, 
store the data in non-standard formats, and do not include public interfaces for 
external data access or sharing. As long all the systems are from the same vendor, 
data can be shared between the systems. However, interoperability between 
different vendors is severely lacking. This is a problem in many cowsheds, 
where the automation systems have been bought at different times from different 
vendors, and thus are not able to share data automatically. This, in turn, forces the 
cattle tenders to either work without data sharing between systems, or to manually 
transfer data. Both approaches will induce extra work that could be avoided with 
better inter-system communication.

The problem is especially severe in research cowsheds where data gathering is an 
important part of the research process.
The interoperability problems were a considerable source of additional work at 
the Natural Resources Institute Finland (Luke) CowLabTM research cowshed at 
Maaninka, Eastern Finland. CowLabTM is a freestall barn which houses 100 dairy 
cows in 4 groups. Cows are milked with a herringbone parlour, fed with roughage 
and separate concentrate feeders. The barn has slatted floors and natural ventilation.  
CowLabTM has several modern measurement systems for automatically measuring 
animal behavior and physiology.

As the feeding, milking, drinking, and other CowLabTM systems have been 
acquired from various vendors, there was no centralized ICT infrastructure. Thus, 
the cowshed staff needed to manually transfer data between different systems in 
order to collect all the information required for both the daily management of 
the cattle, and for research purposes. In order to rectify the problem, the ACIS 
(Advanced Cattle Information System) system was built to collate the data from 
the various systems and present it in a standardized manner. In addition, the ACIS 
system would act as a central data repository, thus simplifying the management of 
research data.
After successful implementation and deployment of the system at the CowLabTM 
site, the ACIS system has been installed at Luke cattle research cowsheds at Ruukki 
and Minkiö. Overall, the experiences with the system have been positive, although 
several challenges are still open.
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Materials and Methods

Livestock farming requires interaction and assessment of the animals in order to 
ascertain their current needs, as well as to spot animals that may require special care. 
The work thus requires constant observation, decision making and corresponding 
actions. A way to represent this cycle is the OODA loop (Boyd, 1996), which was 
originally developed for describing decision making in combat operations. The 
model has then been adapted to several other uses (Grant, 2005; Middelfart, 2007; 
Shahbazian et al., 2001; von Lubitz et al., 2008). The OODA loop consists of four 
phases: Observation, where the actor gathers information; Orientation, where the 
actor assesses the information gathered; Decision, where the actor selects a course 
of action; and finally Action, where the decision is put into use. After action, the 
loop moves back to the Observation phase. In OODA there typically are several 
interacting loops, and the loops can also be nested. In one action phase of a long-term 
OODA loop, there can be numerous loops of shorter OODAs. 
The second part, orientation, is the most important part of OODA, since “it shapes 
the way we observe, the way we decide, the way we act” (Boyd, 1987). From the 
point of view of knowledge management, the orientation phase is where the data 
gathered is combined with the user’s expertise to create and utilize knowledge for 
decision making (Alavi & Leidner, 2001). However, the orientation phase requires 
the correct data – the correct observations – before it can be successfully used. This 
is the focus of the ACIS system: to automatically gather all the data the cattle tenders 
require, and to provide this data to all the people who require it in a form that supports 
decision making. 

In the OODA loop, the ACIS system is situated primarily in the “Observation 
phase”, as it collates the data from the various existing automation systems and 
provides the cowshed personnel with one place it can all be viewed. The system 
allows the personnel to observe the current and past state of the cowshed, and thus 
complements the observations the personnel make while working with the animals. 
The visualizations and statistics gathered by the system will also help the personnel 
during the Orientation phase by providing the necessary background data to support 
decision making. An example of how the user can examine ACIS weight statistics is 
shown in Figure 1.
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In Figure 1, anomalous weight measurements are colored red, and the user can thus 
quickly see what parts of the statistics they need to concentrate on. It is thus easy to 
focus on those animals that may require special care or at least more monitoring than 
normal. In the case of weighing it is also relatively simple to notice incorrect data, as 
extreme animal weight changes are typically not possible.

Figure 1: Weighing results for a number of cows, with anomalous results emphasized 
in red

The ACIS system

An overview of the ACIS system can be seen in Figure 2. The system can be divided 
into three important parts: the gateway, the database, and the user interfaces. The 
system runs on a Windows 2012 server and uses a Firebird 2.5 database to store the 
data.

Data enters ACIS through the ACIS Gateway, which gathers the appropriate data 
from every automation system in the cowshed. The gateway works a Windows 
service, which polls the servers for all cowshed automation systems at given time 
intervals. For each system connected to ACIS, there is a system-specific back-end 
that reads the data from the service in a service-specific way and sends new data to 
ACIS in a standard format. This standard format is then read by a general front-end 
that adds that data to the ACIS database. For example, data from the Nedap Cows 
system (Nedap N.V, The Netherlands) is read from the database, while data from 
Intensec RIC (Insentec B.V, The Netherlands) is read from an ASCII log file. More 
complex solutions are also used, such as reading the data directly from the bus of 
an automation system. In addition to gathering data from the information systems in 
the cowshed, ACIS also has interfaces to the national cattle registry as well as a milk 
analysis laboratory run by Valio Ltd (Finland). The specific systems connected to 
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ACIS through the gateway vary depending on the deployment site. The three research 
cowsheds where ACIS is currently deployed all contain different equipment from a 
number of vendors, and thus considerable amount of customization is required for 
the gateway module to work at each location.

All the data gathered by the system is stored in the ACIS Database. 

The database is designed around the idea of the life-cycle of a cow in a research 
cowshed, and the data gathered from the animal during its tenure in the shed. As 
larger volumes and various types of data are gathered from research cows than from 
cows in a typical commercial cowshed, the data stored at the ACIS database is a 
superset of the data stored at most commercial farms. The database contains all data 
about the daily life of the cow, including feeding, drinking, milking, and weighing, 
and data about less frequent events, such as calving, medication, animal movement 
between testing groups, etc. An important data element that is currently not included 
in the central database is the movement data measured using accelerometers for the 
animals.

The amount of raw data gathered by movement sensors is considerable, and thus it 
was decided that this data should be preprocessed before combining it with the rest 
of the cattle data. Work on this is still ongoing. The data gathered to ACIS is shown 
to the users using several different ACIS User Interfaces. There are currently three 
different user groups identified in ACIS: the cattle tenders, the researchers, and 
system administrators. Each user group has their own user interface (UI). In addition 
to the interactive UI, ACIS system sends users alerts of events that may require 
immediate attention.
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Figure 2. General diagram of the system.

The cattle tender UI includes access to the information most likely required during 
daily cowshed operations, as well as means to insert data. While ACIS tries to 
minimize manual data input, it is still required for recording events that are not 
automatically monitored (e.g. calving), or in cases that the automatically gathered 
data contains errors.

The UI for researchers contains robust methods for accessing all the data in the 
system, including the possibility of fetching data from the database using SQL 
queries. The administrator UI contains functionality required for maintaining the 
ACIS system and its users.
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Results and Discussion

The ACIS system has been able to combine majority of the research information 
gathered at the three research cowsheds maintained by Natural Resources 
Institute Finland. At all locations, the data that was previously contained in 
several independent systems and thus needed to be combined by hand is now 
automatically gathered to one central system. At Maaninka CowLabTM data is 
gathered primarily through two commercial systems. The Nedap Cow system 
includes basic data for each animal, about milking, weighing, and concentrate 
feeding. The Insentec RIC system includes data from roughage feeding. In 
addition, the ACIS system at Maaninka contains information about milk analysis 
provided by Valio Ltd, and manually inserted information   regarding animal 
health observations.
In the near future we are planning to include to ACIS data by Ubisense indoor 
positioning system, and Rumiwatch pedometers and rumination halters.
At the Minkiö and Ruukki sites, ACIS is connected to the local automation 
systems, which differ from the setup at Maaninka.
At all three cowsheds the cattle tenders felt that the deployment of the system 
helped their work, as less time was needed for data management and thus more 
time was freed for tending the animals. Furthermore, the automatic data gathering 
has decreased the amount of errors in the research data, since it has eliminated 
errors caused in manual data transfer between systems.
The researchers felt that the system made their work easier, especially since 
automatic data gathering improved the availability of up-to-date information 
about ongoing experiments. Before the deployment of ACIS the animal data was 
combined by hand, which was dependent on the work load of the cowshed staff. 
Thus the newest data available for the researchers was at times several weeks old, 
which made it challenging to follow experiments. Furthermore, since the ACIS 
system is able to combine data from several sources, it has made the gathering 
of research data easier for researchers, as they no longer need to try to combine 
the data from various sources. Automatic data transfer between different systems 
also increases reliability, and enables the use of centralized backups.
The current version of the ACIS system is, however, not suitable for general 
deployment outside Luke. As there are no open data exchange standards between 
the systems provided by various commercial vendors, the data gathering part of 
ACIS has to be specifically customized for each operating environment. Thus each 
new system that is connected to ACIS requires considerable amount of resources 
in order to develop the system-specific end of ACIS Gateway. In essence, as 
there typically are no public data interfaces, we need to find out how each system 
stores its data and develop a method to read it automatically. The non-standard 
method of access is also vulnerable whenever a system is updated. If the update 
contains some changes to the data management practices, the methods created 
for ACIS gateway to access the data may suddenly disappear, and thus access to 
the system ceases until modifications to the gateway have been done.
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Conclusions

Modern cattle farming research is dependent on large amounts of data gathered 
from various automation systems in a cowshed. These systems are typically 
provided by various commercial vendors, and thus are not able to share data. This 
means that the research – and production – data must be collated manually. Manual 
data gathering is prone to errors caused by carelessness and delays due to the 
busy schedules of the personnel. Thus the data is not gathered in a timely manner, 
and its reliability decreases. The need for manual data gathering also reduces the 
amount of time available for other work, such as animal husbandry.
The Cowlab ACIS system developed at the Maaninka CowLab™ at Natural 
Resources Institute Finland demonstrates how automatic data gathering methods 
save considerable resources, and improve the process of conducting research in 
several ways. Automation provides the data in a timely manner and reduces the 
number of errors in the data sets.
Introduction of systems such as ACIS is, however, hindered by the closed, 
commercial ICT systems used to control the various automation systems in 
modern cowsheds. As there are no widely deployed standards and most systems 
have no public APIs for data sharing, general solutions to the data gathering 
problem are impossible to implement. Any data collation system deployed in such 
an environment needs to be adapted to all the existing systems, which includes 
considerable amount of resources in order to develop methods for reading the data 
from each relevant data source.
The work may also be hindered if the ICT architecture in the cowshed has not been 
developed as a whole from the very beginning. Adding data collation in a system 
that consists of several separate parts that are not designed to work together – 
neither on the data sharing level nor on the system use level – is challenging. Thus, 
there is an urgent need to develop open standards and infrastructure best practices 
in modern cowsheds. As the average size of cowsheds increases, so does the cattle 
tenders’ dependency on the data gathered by various automation systems.
If they cannot view this data as a whole, their ability to maintain awareness of the 
current situation in the cowshed decreases. In the end, this has consequences both 
for animal health and for the profitability of the farm.
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Abstract

There is a growing global awareness of welfare conditions in animal production and 
a trend towards more intensive production, often perceived to have lower welfare 
conditions, resulting in a need for more precise monitoring. Monitoring methods based 
on image and sound analysis are attractive to farmers and other stakeholders as they 
have potential to improve animal welfare, increase technical results and minimise the 
carbon footprint. However, most farmers and other stakeholders (e.g. vets) do not 
currently have the skills and time to utilise these technologies effectively. It is time-
consuming to combine and analyse the data resulting from different sensors in different 
formats and frequencies. 
As part of the EU-PLF project, the authors developed a visualisation tool to bring 
together scattered data, analyse the data and present them to the end user in an easy-
to-use format. The aim of the EU-PLF project is to create added value for the farmer, 
improve animal welfare, and reduce emissions through the application of Precision 
Livestock Farming (PLF) techniques such as sensors and information technology. Data 
were collected at five broiler farms and ten pig farms across Europe. At the farms, a 
number of variables were automatically measured including climate data (temperature, 
relative humidity and ventilation rate), production data (feed supply, water consumption 
and animal weight), environmental data (dust and ammonia), and data coming from 
cameras and microphones. Simultaneously, animal welfare was assessed regularly by 
trained assessors (three times per flock for poultry and every month for pigs). All the 
data were gathered, stored and processed on a daily basis, and visualised on a website.
Emphasis was placed on reducing the time between data acquisition and delivery of 
value-added products to farmers, and providing training so that the end users could 
understand how to interpret the information. The invited farmers actively participated 
in evaluating the usefulness of the information, resulting in a web-based visualisation 
tool that is practical and useful for both farmers and other stakeholders (e.g. vets, 
advisors, research).

Keywords: precision livestock farming, data visualisation, broilers, pigs, farmer, training.
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Introduction

The world population is expected to grow to 9.15 billion by 2050 according to the 
latest projections of the United Nations Population Division. The current population 
is 7 billion, suggesting an increase of over 34%. In former lower income countries, 
in particular, the population in 2050 is likely to have higher economic potential. This 
will have an impact on worldwide demand for animal products, which is expected to 
increase by more than 40% in the next 15 years (FAO, 2007). Strikingly, the number 
of livestock farmers is decreasing while the demand for livestock is increasing. This 
leads to larger farms and more intensive production.

In future years, modern farmers will be under great pressure to care for a large number 
of animals in order to maintain an economically viable business. Society in general 
believes that animals are entitled to receive individual attention while, for reasons 
of scale, farmers have less time to observe each individual animal extensively. It is 
practically impossible for most European farmers to satisfy society’s demand that 
they should have a strong relationship with their animals. This contradiction results 
in social and economic consequences for all the stakeholders involved, particularly 
for animals and farmers. Furthermore, there is an increasing awareness and concern 
about animal welfare and health. Today’s consumers are more convinced that animals 
kept for food production should be raised, treated and slaughtered in a more humane 
way and should have a life worth living (Wathes et al., 2007). While Europe has 
invested in developing standardised methodologies for assessing and scoring animal 
welfare at farm level (Blokhuis et al., 2010), there is still a long way to go to actually 
improve animal welfare in intensive production systems. There is a growing global 
awareness of welfare conditions in animal production and a trend towards more 
intensive production, resulting in a need for more precise monitoring.

Nowadays, a range of technologies are available that potentially can help farmers 
with real-time monitoring of each individual animal. Information and computer 
technologies offer huge potential. Continuous automatic monitoring of the varying 
needs of individual live farm animals at every moment and anywhere is called 
Precision Livestock Farming (PLF) (Berckmans, 2004). This results in “early 
warning systems” which improve the management of individual animal needs at any 
time (Kashiha et al., 2013). The use of modern technology offers several advantages, 
such as providing individual animals with more attention and care and automatic 
welfare monitoring methods based on imaging and sounds. PLF has the potential 
to improve animal welfare, increase the technical results, and minimise the carbon 
footprint. Sound and image analysis are interesting non-invasive technologies for 
monitoring a group of animals without interfering with their natural behaviour.
The significant potential offered by automatic, continuous measurements on farms 
using modern technologies has been demonstrated at six European Conferences on 
PLF and in peer-reviewed conference proceedings: ECPLF 2003 in Berlin, Germany 
(Werner and Jarfe, 2003), ECPLF 2005 in Uppsala, Sweden (Cox, 2005), ECPLF 
2007 in Skiathos, Greece (Cox, 2007), ECPLF 2009 in Wageningen, the Netherlands 
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(Lokhorst and Groot Koerkamp, 2009), ECPLF 2011 in Prague, Czech Republic 
(Lokhorst and Berckmans, 2011), and ECPLF 2013 in Leuven, Belgium (Berckmans 
and Vandermeulen, 2013). Despite the great potential of PLF, most farmers and other 
stakeholders (e.g. vets) do not currently have the skills to utilise these technologies 
effectively. It is time-consuming to combine and analyse the data derived from 
different sensors in different formats and frequencies.

The aim of this work was to create a tool based on PLF technologies that has added 
value for farmers and their animals, enabling farmers to improve their technical 
results, ensure animal welfare, and potentially reduce emissions. The authors have 
developed a visualisation tool to bring together scattered data, analyse the data 
and present them to the farmer in an easy-to-use format. The visualisation tool is 
constantly adapted based on feedback from farmers. The aim of the EU-PLF project 
is to deliver a validated blueprint, proven through extensive field studies, for an 
animal- and farm-centric approach to innovative livestock farming in Europe.

Materials and methods

To demonstrate the potential of PLF systems on-farm, a number of PLF technologies 
were implemented at ten fattening pig farms and five broiler farms. The farms were 
selected by the technology providers (Fancom, Soundtalks). The farms were selected 
on the basis of a number of selection criteria.
All potential farms were selected and scored based a list of criteria:

•	 Location in at least five different countries, 2 pig farms in Hungary, 2 pig 
farms in Spain

•	 Climate control system compatible with data collection: Fancom=1; 
Other=0.5; None=0

•	 Feed control system compatible with data collection: Fancom=1; 
Other=0.5; None=0

•	 Farm Manager System: Fancom=1; Other=0.5; None=0
•	 Al least 4 identical compartments of 100-200 pigs per compartment in 

same or similar pig house: Yes=1; More or less=0.5; No=0
•	 Reliable internet connection: >5MB=1; 1-5MB=0.5; <1MB=0
•	 History of severe respiratory disease problems: Yes=1; No=0
•	 Distance to local assessors: <200km=1; 200-500km=0.5; >500km=0
•	 Light level in the compartment: Good=1; Adequate=0.5; Poor=0
•	 Ability to connect to the reporting system in the slaughterhouses: Yes=1; 

Not clarified=0.5; No=0
•	 Willingness of the farmer to cooperate and spend time on the project: 

High=1; Medium=0.5; Low=0
•	 Willingness to allow external people to access the farm: High=1; 

Medium=0.5; Low=0
•	 Ability to act as an ambassador for PLF technologies: High=1; 

Medium=0.5; Low=0
•	 Familiarity with the use of a PC: High=1; Medium=0.5; Low=0
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Table 1 shows an overview of the farms selected in different countries.

Table 1: Selected farms in the EUPLF project.

Farm Country Species
Farm 1 Netherlands Poultry
Farm 2 Netherlands Pigs
Farm 3 Spain Pigs
Farm 4 Spain Pigs
Farm 5 Hungary Pigs
Farm 6 Hungary Pigs
Farm 7 Netherlands Pigs
Farm 8 United Kingdom Poultry
Farm 9 Northern Ireland Pigs
Farm 10 Spain Poultry
Farm 11 United Kingdom Poultry
Farm 12 France Pigs
Farm 13 France Pigs
Farm 14 Italy Pigs
Farm 15 Italy Poultry

On each farm, the systems installed monitored a number of selected key indicators, 
dependent on the species, representing at least one of the domains welfare and 
health, environmental load and productivity. The systems used were eYeNamic™ 
(Fancom®, broilers, pigs), Sound Monitor (Soundtalks®, pigs, broilers), and the 
existing sensors originally installed on the farms (e.g. temperature sensor). The 
PLF technologies installed collected and stored data automatically at specific time 
intervals. The data derived from the different sensors had a specific format and 
sampling frequency for each sensor. The data from the existing sensors were stored 
every 15 minutes whereas the raw eYeNamic data were stored every minute. The 
sound data were stored every five minutes (for example the number of coughs within 
the last five minutes).
The eYeNamic™ camera system was used on both pig and poultry farms. Images 
were recorded from a top-down perspective. Animal shapes were automatically 
segmented from the background floor area. Further image analysis translated the 
acquired images into indices of distribution and activity (Kashiha et al., 2013). 
These indices are a measure of the animals’ position and movement, and can help in 
monitoring and studying basic animal behaviour. The camera system was installed 
on all five broiler farms (four cameras per farm) and all ten pig farms (four cameras 
divided over four compartments).
The Pig Cough Monitor™ (PCM) was developed by Soundtalks® and validated as 
a tool for automatic pig cough detection in a pig house by Guarino et al. (2008). The 
PCM was installed in four compartments on each of the ten pig farms.
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On most farms, the existing climate and feed control systems were from Fancom®. 
On these farms additional software was installed to sample climate and feed data. 
These data were different for each farm as there is a big variety in climate and 
feed control systems and sample options. The authors depended on the existing 
installations and configurations for the availability of these data.
Several manual welfare assessments were performed on every farm (broilers: 3 
times per flock, pigs: every month). The welfare assessment consisted of several 
measurements defined by the Welfare Quality protocol (Blokhuis et al., 2010). 
Tables 2 and 3 provide an overview of assessment data recorded on the pig and 
poultry farms. 

Table 2: Data overview of the manual welfare assessments for pigs

Sensor type Continuous measures Welfare assessments

Existing sensors

Number of animals Coughing
Mortality Sneezing

Indoor temperature Tail biting
Outside temperature Wounds on body

Feed supply

eYeNamic Activity & distribution

Sound monitor Number of coughs

Table 3: Data overview of the manual welfare assessments for poultry

Sensor type Continuous measures Welfare assessments

Existing sensors

Number of animals Plumage cleanliness
Mortality Litter quality

Indoor temperature & humidity Dust sheet test
Outside temperature Panting / huddling

Ventilation rate Stocking density

Water intake Lameness / hock burn / 
foot pad dermatitis

Feed consumption Avoidance distance test

Weight & growth Qualitative Behaviour 
Assessments

eYeNamic Activity & distribution
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The data derived from the different sensors were processed, combined and aggregated 
(mean, maximum or minimum) to give one value per day for each variable.

For convenience, the variables were grouped into 3 logical groups: production, 
climate and behaviour. The production variables calculated per day were: feed 
supply, water supply, daily animal loss, growth, weight, number of weighings, 
weight uniformity and number of animals. The climate variables calculated 
per day were: internal and external temperature, relative humidity, maximum 
internal temperature, minimum internal temperature, CO2 concentration, 
static pressure difference. The behavioural variables calculated per day were: 
number of coughs, mean activity index, mean distribution index, % of total time 
resting, % of total time very active, variance of activity index, and variance of 
distribution index. For most of the poultry farms the results of the (simplified) 
welfare quality assessments were also visualised. The daily data were computed 
each night on the local farm PC. The results were automatically uploaded to an 
online data server.
A logbook is built into the visualisation tool for record keeping of events which 
occurred during production. These records are stored on the online data server.

Data visualisation

The visualisation used web2py (www.web2py.com). Web2py is a free, open-
source web framework for agile development of secure database-driven web 
applications, implemented in Python (www.python.org) (van Rossum, 1995). 
Web2py is a full-stack framework, meaning that it contains all the components 
needed to build fully functional web applications. Web2py encourages the 
developer to separate data representation (the model), data presentation (the 
view) and the application workflow (the controller).
Highcharts (www.highcharts.com) (Di Pierro, 2011) was used for the graphics. 
Highcharts is a charting library written in pure JavaScript, offering an easy way 
of adding interactive charts to your web site or web application.
The visualisation tool is hosted at pythonanywhere (www.pythonanywhere.com). 
Pythonanywhere makes it easy to create and run Python programs in the cloud. 
There is storage space and users can configure their own webservers. These 
tools make it possible to produce a visualisation which can be used on different 
platforms (Windows, Mac, desktop, mobile, tablet) in a very short time with a 
minimum amount of code.

Results and discussion

The development resulted in a visualisation tool that is specific to each farm. 
Each farm has different variables available. Figure 1 shows an example of the 
visualisation tool with one of the welfare measures on a poultry farm: foot pad 
score. 
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Figure 1: Example of visualisation of the welfare measure foot pad score at a poultry 
house.
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Figure 2 shows an example of the visualisation tool for the production, climate and 
behavioural data for a poultry farm (continuous data). 
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Figure 2: Example of the visualisation of production, behavioural (Data PLF sensors), 
and climate data of a poultry house.
After the first version of the visualisation tool was up and running, farmers were 
invited to attend a one-day training session to familiarise themselves with the tool 
and the data. Feedback from farmers was also used to improve the tool. Table 4 
shows the participants who attended the training session.

Table 4: Participants attending the training day and use of the online visualisation 
tool

Farm Country Animal 
type

Present at 
training*

Data in 
visualisation 

tool**

Visits 
visualisation 

tool†

Use 
of the 

logbook

Tool 
used by 
farmer§

farm1 Netherlands Poultry - P, B, C ++ no no
farm2 Netherlands Pigs ++ P, B, C +++ yes yes
farm3 Spain Pigs + B ++ no no
farm4 Spain Pigs + B + no no
farm5 Hungary Pigs + B + no no
farm6 Hungary Pigs + B - no no
farm7 Netherlands Pigs ++ P, B, C ++ yes yes

farm8 United 
Kingdom Poultry ++ P, B, C + no no

farm9 Northern 
Ireland Pigs - P, B, C + no no

farm10 Spain Poultry ++ P, B, C +++ yes yes

farm11 United 
Kingdom Poultry ++ P, B, C*** ++ yes yes

farm12 France Pigs + B + no no
farm13 France Pigs + B ++ no no
farm14 Italy Pigs ++ B + yes‡ no
farm15 Italy Poultry ++ B, C ++ no no

* - = not present at training, + = a representative (e.g. vet, contact person) present at 
training, ++ = farmer present at training
** P = Production data, B = behavioural data, C = Climate data
*** Production and climate data in visualization tool after training
† - = no visits, + = some visits, ++ = many visits, +++ = a lot of visits (measured with 
Google analytics)
‡The logbook is only used by participants in the project other than farmer
§The tool is considered to be used if there are visits and if the logbook is used by the 
farmer
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Of the 15 farmers who participated in the project, seven attended the training 
session. For some farms a representative (e.g. contact person) was present. None of 
the farmers who were absent on the training day use the visualisation tool. Of the 
farmers who attended the training day, four out of seven use the tool. Of the farmers 
who attended the training day and do not use the tool, two do not have complete 
production and climate data, making the tool less attractive. Only one farmer who 
is not using the tool has complete production, climate and behavioural data. This 
farmer already makes extensive use of existing visualisation tools and PLF data. For 
this farmer, the new visualisation tool probably does not have enough added value 
over and above the existing visualisation tool.
It seems that use of the visualisation tool is dependent on several factors such as 
training/education of the end user, the data available in the visualisation tool, and the 
added value provided by the visualisation tool compared to existing tools.

Conclusion

The results indicate that training is essential when it comes to using the visualisation 
tool. Furthermore, the results indicate that behavioural data alone is not sufficient for 
the farmer to make use of the tool. A visualisation tool like this also has to provide 
additional information over and above existing visualisation tools.
It is clear that, in the future, a lot can be done to make the visualisation tool more 
attractive to farmers. The farmers can receive better training. Work will be conducted 
to investigate how to make behavioural data alone more useful for farmers; for 
instance by extracting other, more interesting, variables from these data. This will 
also ensure that the visualisation has more added value compared to existing tools.
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Abstract

Sensor measurements, such as milk yield, concentrate intake, activity, rumination 
and body weight, can be used to detect metabolic disorders in dairy cows. In an 
on-farm study, different types of sensor were installed and evaluated on three 
dairy farms during a period of up to two years. On two farms, cows were milked 
in an automatic milking system, and the third farm used conventional milking. 
Each farm was equipped with a different set of sensors. Sensor data were pre-
processed to convert values per measurement into one aggregated value per cow 
per day.

Alerts for a single variable were based on a change in level (e.g. decrease in 
activity), a change in trend (e.g. unexpected decrease in milk yield) or a difference 
in index (e.g. excessive body weight before calving compared with the average 
weight). To improve test characteristics, a combined alert was created by using 
the number of individual alerts per cow per day. A combined alert was triggered 
when the number of alerts exceeded a threshold. Farmers’ recordings of diseases 
were used as reference data. This resulted in a sensitivity (percentage of detected 
cases) of up to 83% for metabolic disorders. The specificity (percentage of healthy 
cows classified as healthy) was too low for practical application. Alerts were 
combined in Standard Operating Procedures to improve the test characteristics. 
Other multivariate analysis methods might lead to further improvements in 
sensitivity and specificity.

Keywords: automated monitoring, sensitivity, multivariate analysis, dairy cows, 
sensor data

Introduction

The health status of dairy cows should be monitored closely in order to maximise 
profitability and cow welfare. However, increasing farm sizes and automation, 
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such as automatic milking systems, have reduced human-animal contact, 
giving the farmer fewer opportunities to determine potential health problems 
(Poikalainen et al., 2013). On the other hand, technological innovations, such as 
sensors, can also assist the farmer with this task. To be useful for farmers, sensor 
data must be converted into alerts by means of detection models. A detection 
model of this nature was developed within the Smart Dairy Farming project (De 
Mol et al. 2014). Smart Dairy Farming is a project which aims to develop decision 
models and advice products, in order to help dairy farmers to make better choices 
in their cow management practices. This should make a positive contribution 
to the welfare and longevity of dairy cows. Three topics (transition period, 
fertility and calf rearing), were selected for investigation as part of the Smart 
Dairy Farming project. The research described in this paper focuses on transition 
cows. The research on transition cows in Smart Dairy Farming focuses on the 
transition period (starting three weeks before parturition until three weeks after 
parturition) and specific metabolic diseases, but also takes the whole lactation into 
account. For example, diseases during lactation have their origin in the previous 
transition, or an unwanted physical condition may influence performance in the 
next transition period (higher risk of specific metabolic diseases.

This paper describes the application and performance of different sensors for 
the detection of metabolic and other diseases within the Smart Dairy Farming 
project. Possible methods of improving performance by multivariate analysis are 
discussed.

Material and methods

Farms
Within the Smart Dairy Farming project, sensor data were collected continuously 
for two years (2013 and 2014). The three farms reported on here focused on 
transition, and the animal management practices on these farms are described in 
Table 1.
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Sensors
Within the Smart Dairy Farm project, different sensors were used to measure 
behaviour, output and feeding characteristics. The type of sensors was farm-
dependent; an overview of the sensors used on the different farms is presented in 
Table 2.

Table 2 Overview of the types of sensor on the three transition farms within the 
Smart Dairy Farming project (AMS = Automatic Milking System, CF = Concentrate 
Feeder, RMS = Rotary Milking System)

Sensor Farm A Farm B Farm C
Behaviour

activity per 2 hr(1) (-) X X X(4)

activity per 15 min(2) (-) X(4)

AMS visits (time of visit) X X
CF visits (time of visit) X X X

Output
body weight per AMS/CF visit (kg) X(5) X(5)

body weight per RMS visit (kg) X(6)

milk yield per milking (kg) X X X
somatic cell counts per milking (SCC) (cells/ml) X

milk fat and protein per milking (%) X X
milk temperature per milking (°C) X X

electrical conductivity per quarter per milking (mS/cm) X X
Feeding characteristics

concentrate ration per day (kg) X X X
concentrate leftovers day (kg) X X X

rumination activity per 2 hr(1) (min) X X X(4)

eating time per 15 min(2) (sec) X(4)

rumen pH per 10 min(3)(-) X(7) X(7)

rumen temperature per 10 minutes(3) (°C) X(7) X(7)

(1) SCR, Israel
(2) Velos Nedap, The Netherlands
(3) Smaxtec, Austria
(4) each cow had either an SCR sensor or a Velos sensor
(5) weight per milking was recorded by the AMS (Lely, The Netherlands); weight 
measurements every 5 seconds were combined with recorded visits to the CF to give 
the median value per CF visit
(6) weights were recorded when cows passed a scale on the route to the RMS
(7) 68 cows on Farm A and 49 cows on Farm C were given a Smaxtec bolus a few 
weeks before expected parturition; sensor data were available for 60 or 180 days 
(depending on the version of the bolus)
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Data pre-processing
The detection model generated alerts when a sensor variable differed too much 
from the expected value. In order to achieve this, the values per measurement were 
first aggregated to one value per cow per day. Activity, rumination activity and 
eating time were totalled over 24 hours. The visits (to AMS or CF) were divided 
into rewarded and unrewarded visits and the number per day was calculated. The 
median body weight was calculated. The milk yield per milking was aggregated 
to a daily yield by dividing the milk yield from the first milking of a day into a 
fraction for the previous day and the current day proportionally with the time. 
Milk SCC, fat and protein content, milk temperature and electrical conductivity 
were averaged over the milkings per day. The rumen pH values per day were 
summarised as a level and slope by applying the method of Colman et al., 2012. 
The level was the average level and the slope related to the variability: the higher 
the slope, the lower the variability. Rumen temperature was aggregated by taking 
the 90th percentile.

Calculation of drinking bouts
Rumen temperature decreases sharply when the cow is drinking (Ipema et al. 
2008). This made it possible to identify drinking bouts from the rumen temperature 
recordings. A drinking bout started each time the temperature fell below a certain 
threshold. The drinking bout ended when the rumen temperature increased to the 
previous level. This method was validated on Farm C where visits by dry cows to 
a drinking point were recorded (to measure weight) and could be compared with 
calculated drinking bouts.

Detection model
The method used to generate univariate alerts was the method described by De 
Mol et al. (2014):

•	 level alerts were produced when the value was outside a confidence 
interval (based on a moving average and standard deviation for preceding 
values);

•	 trend alerts were produced when the change in successive values was 
different from what might be expected;

•	 index alerts were produced on specific days, such as the day of calving, 
in several situations, e.g. when the weight loss was much higher than 
average weight loss.

Index alert for milk yield 
A different index alert was developed for milk yield in the first days of lactation, 
when level alerts may give inadequate results. The milk yield of cows of second 
or higher parity was expected to be higher than the milk yield in the previous 
parity. The ratio of milk yields of a cow in successive parities on each of the 
first 10 days in milk was compared with the expected ratio. An index alert was 
produced when the ratio was outside the 90% confidence interval:
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Standard Operating Procedures
The alerts produced by the detection model were used to generate Standard 
Operating Procedures (SOPs) which comprised instructions to the farmer on how 
to respond to cows with abnormal values. Three types of SOP were implemented:

•	 Check cow: cow might be ill, based on the number of level alerts per 
cow per day, e.g. for milk yield, rumination and weight. Specific alerts 
were defined based on the stage of lactation and a combination of alerts. 
Examples are: a “Check locomotion” SOP was provided in case cows 
during lactation generated activity-related alerts ; a “Check for ketosis” 
SOP was provided in case a cow did not perform well at the start of the 
lactation, and an alert for mastitis was provided in case a cow generated 
a milk conductivity alert. The aim was to use a combination of alerts to 
improve the sensitivity and specificity.

•	 Adapt concentrates: to prevent an unwanted weight development such 
as a weight increase in the dry period; the SOP generated recommended 
increasing or decreasing the amount of concentrates based on weight 
trend alerts and concentrate leftover alerts.

•	 Dry cow: change management to facilitate drying off of a cow; based on 
milk yield and concentrate intake. This generated SOPs relating to the 
action to be taken before drying off, e.g. reduce concentrates, reduce the 
number of milkings or give the cow a basic drying-off ration.

The farmer could change the status of an SOP, depending on the action performed: 
open (no action), in process, implemented (as it stood or adapted) or cancelled.

Reference data
Recordings of cases of disease, oestrus and observations by the herdsman or 
veterinarian were used as reference data. Diseases were categorised as mastitis, 
lameness, metabolic disease (milk fever, ketosis, left displaced abomasum) or 
other. Oestrus and insemination were also taken into account as the symptoms 
might be similar to disease symptoms. Therefore the days around oestrus and 
insemination were excluded from the specificity calculation. Each case was 
classified as either True Positive (TP) if one or more alerts was produced during 
a defined period or False Negative (FN) if there were no alerts. The sensitivity 
was calculated as the percentage of TP cases.
Cases with missing or insufficient data in the defined period were excluded. Each 
day outside the defined periods was either True Negative (TN) if there were no 
alerts or False Positive (FP) if an alert occurred. The specificity is the percentage 
of TN days. Days with missing or insufficient data were excluded.

Results and discussion

The detection performance results for three farms are shown in Table 3. Only 
cases with sufficient data were included in these sensitivity results, therefore 
cases of milk fever in the first days of lactation were excluded. Only days with 
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sufficient data were used to calculate the specificity, which explains the varying 
number of days included.
The detection performance was variable, depending on the alert and the farm. 
Some alerts were more useful than others, but no alert performed satisfactorily 
with a high sensitivity and a high specificity. Combining alerts should improve 
the performance (Rutten et al., 2014). The SOPs were developed as a method of 
combining alerts.
There are also big differences between the farms. Very few metabolic disorders 
were recorded at Farm B: only six cases on the same day relating to dry cows 
(probably a preventive treatment). The sensitivity on Farm C was very low, 
mainly due to insufficient data; however, there is no clear explanation for this.
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Two new alert types were included in these results. The number of drinking bouts 
(based on rumen temperature) may decrease in the event of a metabolic disorder. The 
performance was better than the performance of the comparable pH level and slope, 
and rumen temperature. It is difficult to assess the performance of the index alert for 
milk yield as no metabolic disorder could be classified. But practical experience with 
milk yield data from the farms indicates that it is worthwhile to generate an alert for 
a lower than expected milk yield even if no case of disease was recorded.
The farmers started to use the SOPs on July 20th, 2014. The number of SOPs per 
farm in 2014 is presented in Table 4.

Table 4 Number of SOPs in 2014 per farm, SOP type and status.

Farm A Farm B Farm C
Check 
cow

Adapt 
conc.

Dry 
cow

Check 
cow

Adapt 
conc.

Dry 
cow

Check 
cow

Adapt 
conc.

Dry 
cow

Open 1523 128 111 644 11 20 144 144

In process 4

Implemented 
exactly 28 2 7 2

Implemented 
adapted 12 1

Cancelled, 
not relevant 38 1 1 9 2

The number of SOPs is much lower than the number of alerts. SOPs may be a useful 
means of aggregating alerts. Unfortunately, the status of an SOP was not recorded by 
the farmer in most cases. This makes it difficult to evaluate the quality of the SOPs. 
Farm C has a different concentrate feeding system (‘dynamic feeding’); therefore 
SOPs for adapting concentrates were not relevant.
In a follow-up research project the completion of SOPs will be recorded better, 
making it possible to evaluate and improve the system.

Conclusions

Sensors can be used for automatic detection of metabolic and other diseases in dairy 
cows. However, the performance of sensors is variable and it is not sufficient to use 
only one type of sensor. Combining sensor variables in SOPs is a useful method of 
presenting abnormal results to the farmer with possible solutions. The performance 
of the SOP method must be improved; this is part of a follow-up research project.
New options for level alerts, such as drinking bouts based on rumen temperature, 
have an added value as their performance is good compared to other level alerts.
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Impact of abrupt weaning at housing on leukocyte distribution, neutrophil 
function, lymphocyte immune phenotypes, and acute phase protein response of 
suckled beef calves – biomarker discovery
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Abstract

Sixteen, spring-born, single suckled, castrated male calves of Limousin × 
Holstein-Friesian and Simmental × Holstein-Friesian dams respectively, were 
used to investigate the effect of weaning on total leukocyte and differential 
counts, neutrophil functional activity and lymphocyte immunophenotypes. On 
the day (d) of weaning at housing (d 0), calves were assigned to treatment; (i) 
abruptly weaned (W:n = 8) or (ii) non-weaned (controls) (C:n = 8).  Blood was 
collected on d-7, 0, 2, 7, and 14 to determine total leukocyte and differential 
counts. Lymphocyte immunophenotypes were characterised using selected 
surface antigens (CD4+, CD8+, WC1+ (γδ T cells), MHC Class II+ lymphocytes), 
and the functional activities of neutrophils (surface expression of L-selectin 
(CD62L), phagocytic and oxidative burst activity) were investigated using flow 
cytometry.  Treatment×sampling time interactions (P < 0.05) were detected for 
total leukocyte and neutrophil counts, all lymphocyte subsets, mean fluorescence 
intensity of CD62L+ neutrophils, and percentage neutrophils performing 
phagocytosis.  On d2, total leukocyte and neutrophil count increased (P < 0.001), 
and percentage CD4+ and CD8+ lymphocytes, percentage phagocytic neutrophils, 
mean fluorescence intensity of CD62L+ neutrophils decreased (P<0.05) in W 
compared with baseline (d0), whereas they were unchanged (P>0.05) in C.  On 
d2, percentage WC1+ lymphocytes decreased (P<0.05), whereas percentage MHC 
class II+ lymphocytes increased (P<0.05) in W and C, however the magnitude of 
change was greater in W than C. Weaning resulted in increased neutrophil counts 
and impaired trafficking and phagocytic function. The results suggest that there 
was a greater transitory reduction in immune function at housing in abruptly 
weaned than non-weaned beef calves. The profile of changes reported in this 
study should serve as a basis to direct future biosensor research in the early 
detection of stress-susceptible animals that often succumb to severe BRD. The 
ultimate goal of biomarker discovery is usually the development of a blood test 
that can be used in a pen-side environment to identify animals with pre-clinical 
signs of disease, and or stress.  

Keywords: cattle, weaning, stress, haematology, immune phenotypes.
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Introduction 

Weaning is an inherent husbandry practice in cow-calf beef production systems 
that imposes physical, psychological, and nutritional stressors on calves.  Integrated 
calf-to-beef production systems, such as seasonal grass-based systems, often 
combine weaning and housing (drennan and McGee, 2009) whereas non-integrated 
systems often combine weaning with additional stressors such as transportation and 
marketing, prior to entry into feedlots (Duff and Galyean, 2007).  Alterations in 
calf behaviour (Price et al., 2003; Haley et al., 2005), hormonal mediators of stress 
(Lefcourt et al., 1995; Blanco et al., 2009) and consequently alterations in immune 
function (Hickey et al., 2003; Arthington et al., 2005; 2008) are evident post-
weaning.  Furthermore, weaning is considered to be a predisposing factor to bovine 
respiratory disease (BRD) (Callan and Gary, 2002; Snowder, 2009). Neutrophils 
provide the first line of cellular defence against pathogens, whereas lymphocytes are 
of pivotal importance in cell-mediated and humoral immunity (Paape et al., 2003; 
Janeway et al., 2005).  Although studies have examined neutrophil and lymphocyte 
function and distribution following transport (Riondato et al., 2008; Buckham-
Sporer et al., 2007) none have investigated the direct effects of weaning on these 
immune variables in beef calves.  Additional information on the immune status 
of newly weaned calves at a time when pathogen exposure is heightened may be 
useful for identifying animals likely to succumb to disease/infection.  Thus, the 
objectives of the study were to examine the effect of abrupt weaning at housing on 
i) peripheral leukocyte and differential counts, ii) granulocyte positive neutrophils 
and lymphocyte immunophenotypes, iii) phagocytic and oxidative burst activity, and 
surface expression of CD62L of neutrophils, and iv) the acute phase protein response 
in beef calves.

Materials and methods

Animal management and experimental design

Sixteen, spring-born (mean date of birth (s.d); 23 March (18.2) d) single-suckled, 
castrated, male calves of Limousin × Holstein-Friesian and Simmental × Holstein-
Friesian dams and Simmental and Limousin sires, respectively, were used in this 
study.  Cows and calves were rotationally grazed together on a predominantly 
perennial ryegrass-based sward from April until housing in a slatted floor shed 
at the end of the grazing season (13 November).  On the day of housing (d 0), 
calves were moved to a handling yard adjacent to the paddock.  Calves (mean 
age (s.d.) 235 (18.2) d; mean weight (s.d.) 310 (31.1) kg) were blocked within 
genotype, age, and weight and then randomly assigned with block to one of two 
treatments (i) abruptly weaned (W; n = 8) or (ii) non-weaned (control) (C; n = 
8).  Weaned calves were housed in pens without their dams (4 calves per pen), 
whereas non-weaned (control calves) were housed with their dams (2 cow-calf 
pairs per pen).  Space allowance within the pens was equal for animals.  Pens 
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were equipped with automatic drinkers and animals were offered grass silage 
ad libitum.  Cows that were separated from their calves were housed and had no 
auditory or visual contact with their calves.

Blood Collection 
Blood was collected into vacutainers (Vacuette, Cruinn Diagnostics, Ireland), 
containing the appropriate anticoagulant for subsequent haematological and 
flow cytometric analysis via direct jugular venipuncture using mild restraint 
in a holding chute at day (d) -7, 0 (housing), 2, 7 and 14.  Blood collection 
occurred prior to allocation to treatment on d 0, and all sampling was performed 
in the same facility.  Blood samples were transported to the laboratory, stored at 
ambient temperature and processed within 3.5 h.

Total leukocyte, neutrophil, lymphocyte, monocyte, eosinophil, and basophil 
were determined from K3EDTA anti-coagulated blood (6 mL) using an automated 
haematology analyzer (ADVIA 2120, Bayer Healthcare, Siemens, UK) equipped 
with software for bovine blood.
Acid citrate dextrose anti-coagulated blood (8 mL) was used for leukocyte 
immunostaining using a whole blood assay (Weber et al., 2001).  The phagocytic 
and oxidative burst activity of neutrophils was determined in lithium heparin 
anti-coagulated blood (8 mL) using the Phagotest kit and Bursttest (PhagoBurst) 
kit (Orpegen Pharma, Heidelberg, Germany) following the manufacturer’s 
instructions, with modifications [58], on a Partec CyFlow SL flow cytometer 
(Partec Gmbh, Münster, Germany).  Duplicate tests for each sample were 
performed.

Flow cytometric analysis

Immunophenotypes.  A minimum of 30,000 events were acquired and analyzed 
using FloMax software (Partec GmbH, Münster, Germany).  Lymphocytes and 
neutrophils were gated from all other leukocyte populations based on their 
forward and side scatter characteristics on dot plots and were confirmed using 
CD45 (pan leukocyte) staining.  The percentage lymphocytes staining positive 
for CD4, CD8, WC1, and MHC class II, and percentage of neutrophils staining 
positive for G1 was recorded.  Surface expression of CD62L was recorded as 
mean fluorescence intensity (MFI) of CD62L-staining positive neutrophils.  
A threshold for positive staining cells was set using histograms identifying 
irrelevant isotype controls and PBS-0.01 (w/v) % BSA only treated leukocytes.

Phagocytic and oxidative burst activity assays.  
Data were acquired from 15,000 cells per sample and analysis was carried out 
using FloMax software (Partec Gmbh, Münster, Germany).  For each sample, the 
percentage phagocytosis positive and oxidative burst positive cells within the 
neutrophil gate were recorded.
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Acute phase protein response (fibrinogen and haptoglobin)
Blood collected into vacutainer tubes containing lithium heparin (8 mL) and 
sodium citrate (4.5 mL) was used to determine the concentration of haptoglobin 
and fibrinogen, respectively.  Concentration of plasma haptoglobin was measured 
using an automatic analyzer (spACE, Alfa Wassermann, Inc., West Caldwell, NJ, 
USA) and commercial assay kit (Tridelta Development Ltd., Wicklow, Ireland) 
according to the manufacturer’s procedure. Concentration of fibrinogen was 
measured using an automatic analyzer (spACE, Alfa Wassermann, Inc., West 
Caldwell, NJ, USA) using a previously described method (Becker et al., 1984). 

Results

Total leukocyte and differential counts
There was a treatment × sampling time interaction (P = 0.01) for total leukocyte 
count whereby on d 2 it increased (P = 0.004) in W and returned to baseline 
(d 0), whereas C did not differ (P = 0.9) from baseline (d 0) (Table 1).  There 
were treatment × sampling time interactions for neutrophil (P < 0.0001) and 
lymphocyte (P = 0.002) counts (Table 2).  On d 2, neutrophil count increased 
(P < 0.0001) and lymphocyte counts decreased (P = 0.008) in W, whereas C did 
not differ from baseline (Table 2).  There were no effects (P > 0.05) of treatment 
and sampling time, or treatment × sampling time interactions for monocyte, 
eosinophil and basophil counts (Table 1). 
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Table 1. Effect of abrupt weaning at housing on total leukocyte and differential 
counts in beef calves.

Day (d) relative to housing P-values1

Cell type 
(×103cells/μL) -7 02 2 7 14 T S T×S

Total 
leukocytes

C 10.3 ± 
0.61

10.5 ± 
0.31

10.8x ± 
0.47

10.5 ± 
0.92

10.3 ± 
0.32 0.03 0.0005 0.01

W 10.6a 
± 0.62

10.3a 
± 0.31

13.3b,c,y ± 
0.47

11.2a,c 
± 0.92

10.2a 
± 0.32

Neutrophils 
C 2.8 ± 

0.11
2.9 ± 
0.17

3.2x

 ± 0.65
2.9 ± 
0.64

2.5 ± 
0.23 0.006 <0.0001 <0.0001

W 2.7 ± 
0.11

2.5a ± 
0.18

6.6b,y ± 
0.68

2.7a ± 
0.64

2.7a ± 
0.24

Lymphocytes
C 7.0 ± 

0.19
6.7 ± 
0.21

6.6x ± 
0.22

6.8 ± 
0.49

6.9 ± 
0.36 0.3 0.0006 0.002

W 6.9 ± 
0.19

6.9a ± 
0.22

5.2b,y ± 
0.22

7.3a ± 
0.49

6.7a ± 
0.37

Monocytes
C 0.64 ± 

0.10
0.46 ± 
0.05

0.59 ± 
0.07

0.54 ± 
0.11

0.47 ± 
0.05 0.5 0.1 0.16

W 0.60 ± 
0.11

0.48 ± 
0.06

0.59 ± 
0.06

0.59 
± 0.10

0.50 ± 
0.05

Eosinophils
C 0.29 ± 

0.05
0.33 ± 
0.10

0.31 ± 
0.12

0.59 ± 
0.11

0.35 ± 
0.07 0.3 0.06 0.4

W 0.21 ± 
0.05

0.31 ± 
0.11

0.38 ± 
0.13

0.29 ± 
0.10

0.24 ± 
0.07

Basophils
C 0.12 ± 

0.02
0.15 ± 
0.02

0.13 ± 
0.01

0.11 ± 
0.02

0.12 ± 
0.01 0.6 0.5 0.8

W 0.11 ± 
0.02

0.12 ± 
0.02

0.12 ± 
0.01

0.11 ± 
0.02

0.13 ± 
0.01

1T = treatment, S = sampling time, T × S = treatment × sampling time interactions.
W = abruptly weaned, C = non-weaned (control) calves. 
a,b,cWithin a row, least squares means without a common superscript differ (P < 0.05).
x,yWithin a column (day) for each variable, least squares means without a common 
superscript differ (P < 0.05). 2Baseline is defined as d 0 for each variable.

Granulocyte-positive cells
There was no effect of treatment (P = 0.1) or treatment × sampling time interaction 
(P = 0.2) for percentage of G1+ neutrophils but sampling time was significant 
(P < 0.0001).  On d 2 it increased (P < 0.001, mean (s.e.) 48.5 (1.71) MFI)) and 
subsequently returned to baseline (d 0; mean (s.e) 37.3 (1.7) MFI) by d 7 (Table 2).
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Table 2. Effect of abrupt weaning at housing on percentage G1+ neutrophils and 
CD62L+ neutrophils MFI1 in beef calves. 

Day (d) relative to housing P-values2

Neutrophils -7 02 2 7 14 T S T×S

G1+, %
C 27.6 ± 

0.68
27.3a ± 
0.83

35.0b,c,x ± 
0.77

30.8a,c ± 
0.84

27.7a ± 
0.85 0.1 <0.0001 0.2

W 28.9 ± 
0.68

27.4a ± 
0.83

41.9b,y ± 
0.77

31.4a ± 
0.84

28.2a ± 
0.85

CD62L+, 
MFI1 C 120.9 ± 

1.81
121.1 
± 1.91

119.8x ± 
2.31

122.3 ± 
2.02

120.4 ± 
1.49 0.1 <0.0001 0.002

W 122.6 ± 
1.81

122.2a 
± 1.91

107.0b,y ± 
2.31

119.3a ± 
2.02

121.3a ± 
1.49

1MFI = mean fluorescence intensity
2T = treatment, S = sampling time, T×S = treatment × sampling time interactions.
W = abruptly weaned, C = non-weaned (control) calves. 
a,b,cWithin a row, least squares means without a common superscript differ (P < 0.05).
x,yWithin a column (day) for each variable, least squares means without a common 
superscript differ (P < 0.01). 2Baseline is defined as d 0 for each variable.
Neutrophil functional activity

There was a treatment × sampling time interaction (P = 0.002) for MFI of CD62L+ 

neutrophils (Table 2).  On d 2, MFI decreased (P = 0.002) in W and subsequently 
returned to baseline, whereas C did not differ (P = 0.9) from baseline (d 0).  There 
was a treatment × sampling time interaction (P = 0.02) for percentage phagocytosing 
neutrophils (Table 3).  On d 2, percentage neutrophils performing phagocytosis 
decreased in W (P < 0.01), whereas C did not differ (P = 0.4) compared with 
baseline (d 0). Subsequently, they returned to baseline (P > 0.05).  There was no 
effect of treatment (P = 0.2) and sampling time (P = 0.5), or treatment × sampling 
time interaction (P = 0.7) for the percentage neutrophils positive for oxidative burst 
activity (Table 3).
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Table 3. Effect of abruptly weaning at housing on phagocytic and oxidative burst 
positive neutrophils in beef calves. 

Days (d) relative to housing P-values1

Neutrophils, % -7 02 2 7 14 T S T×S

Phagocytosis 
positive

C 87.2 ± 
2.00

88.8 ± 
1.98

79.4x ± 
3.20

87.4 ± 
2.48

89.6 ± 
2.18

0.003 <0.0001 0.02

W 87.0 ± 
2.00

89.6a ± 
1.98

61.3b,y 
± 3.20

79.7a ± 
2.48

89.3a ± 
2.18

Oxidative burst 
positive

C 36.5 ± 
3.93

36.6 ± 
2.14

45.1 ± 
4.83

46.1 ± 
5.24

40.3 ± 
5.82

0.5 0.2 0.7

W 34.7 ± 
3.93

37.0 ± 
2.14

41.3 ± 
4.83

37.2 ± 
5.24

40.1 ± 
5.82

1T = treatment, S = sampling time, T×S = treatment × sampling time interactions.
W = abruptly weaned, C = non-weaned (control) calves. 
a,b,cWithin a row, least squares means without a common superscript differ (P = 0.01).
x,yWithin a column (day) for each variable, least squares means without a common 
superscript differ (P = 0.03). 2Baseline is defined as d 0 for each variable.
Lymphocyte immunophenotypes

There was a treatment × sampling time interaction for percentage CD4+ (P = 
0.0002) and CD8+ (P < 0.0001) lymphocytes.  On d 2, percentage CD4+ and CD8+ 
lymphocytes decreased (P < 0.001) in W and subsequently returned to baseline (d 0; 
P > 0.05), whereas C did not differ (P > 0.05) from baseline (Figure 1a and b).  There 
was no effect of treatment (P = 0.3) or treatment × sampling time interaction (P = 
0.6) for CD4: CD8 ratio.  Sampling time was significant (P = 0.005), whereby CD4: 
CD8 ratio increased (P = 0.05) on d 7 compared with baseline (Figure 1c).
There was a treatment × sampling time interaction for WC1+ (P < 0.001) and MHC 
Class II+ (P = 0.002) lymphocytes.  On d 2, the percentage WC1+ lymphocytes 
decreased (P < 0.005) in W and C, however the decrease was greater (P = 0.008) 
in W (Figure 2a).  Subsequently, the percentage WC1+ lymphocytes returned to 
baseline (d 0) in both treatments (P > 0.05).  Conversely, on d 2, percentage MHC 
Class II+ lymphocytes increased (P < 0.01) in W and C but the increase was greater 
(P = 0.002) in W than C, before returning to baseline (d 0; P = 0.3) (Figure 2b).  

Acute phase proteins 
There were no effects (P > 0.05) of treatment or treatment × sampling time interactions 
for fibrinogen and haptoglobin. Sampling time was significant (P = 0.0002) for 
haptoglobin, whereby on d 2, concentration increased (P = 0.01) compared with 
baseline (means (s.e.) 0.48 (0.033) mg/mL versus 0.32 (0.023) mg/mL).  Sampling 
time was not significant (P = 0.3) for fibrinogen concentration (data not shown).
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Figure 1.  Effect of abrupt weaning at housing on percentage a) CD4+ and b) CD8+ 
lymphocytes (least squares mean ± SEM, %) and c) CD4: CD8 ratio (least squares 
means ± SEM) in beef calves.  W = abruptly weaned calves, C = non-weaned (control) 
calves.  a,b,cBetween days, least squares means without a common superscript differ 
(P < 0.05).  x,yWithin a day, least squares means without a common superscript differ 
(P < 0.05).  T × S = treatment × sampling time point interaction. Baseline is defined 
as d 0 for each variable. 
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Figure 2.  Effect of abrupt weaning at housing on a) WC1+ and b) MHC Class II+ 

lymphocytes (least squares mean ± SEM., %) in beef calves.  W = abruptly weaned 
calves, C = non-weaned (control) calves. a,b,cBetween days, least squares means 
without a common superscript differ (P < 0.001).  x,yWithin a day, least squares 
means without a common superscript differ (P < 0.01).  T × S = treatment × sampling 
time point interaction. Baseline is defined as d 0 for each variable.

Discussion

The immune variables measured in the present study showed that weaning together 
with movement of beef calves from a pasture environment to a housing environment 
elicited transient neutrophilia, impaired neutrophil phagocytic function, decreased 
peripheral lymphocyte count and altered immunophenotypes.  

In the present study, neutrophil surveillance and phagocytic activity were 
affected by weaning, however bactericidal activity was unaffected.  Post-weaning, 
peripheral neutrophil count increased which was most likely resultant of the 
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decreased surface expression of L-selectin as defined by the reduced MFI CD62L 
on blood neutrophils.  Reduction of this adhesion molecule from the surface of 
neutrophils, where it is constitutively expressed on resting cells prior to activation, 
suggests that weaning may have had a negative impact on the ability of these 
cells to roll along and adhere to the endothelium lining of vessels and thus, more 
cells remained in circulation as evidenced by neutrophilia.  Additionally, weaned 
calves had reduced percentage of neutrophils performing phagocytosis compared 
with control calves.  This transient depression in phagocytosis was short lived 
with cells recovering this function by 7 d post-housing.  In the present study, 
the decrease in percentage αβ T cells post-weaning was evidenced by transient 
decreases in percentage CD4+ and CD8+ lymphocytes.  Decreases in both peripheral 
CD4+ and CD8+ lymphocytes have been reported in calves at unloading after 14 
h truck transportation, following which they returned to pre-transport values by 
24 h (Riondato et al., 2008) and in beef steers following induction into a feedlot 
environment.  Our findings suggest that movement of beef calves from a pasture 
environment to a housing environment was able to elicit a transient increase in 
CD4+:CD8+ ratio.  This increase may reflect recovery of immune competence in an 
attempt to restore homeostasis following the initial reaction to the onset of stress.  
In the present study, percentage MHC class II+ lymphocytes in peripheral blood 
increased significantly in weaned calves and to a lesser extent in control calves 
indicating that a change in environment in combination and without weaning 
resulted in the activation of lymphocytes.  This increase in percentage MHC class 
II+ lymphocytes may be due to increased B cells or activated T cells in circulation. 
It is important to note that despite the numerous changes in leukocyte counts, 
neutrophil function and lymphocyte immunophenotypes observed, generally these 
perturbations were transient and homeostasis was restored by 7 d post-weaning.  
Additionally, changes in some of the immune-related biomarkers, namely the 
proportion of γδ T cells and MHC class II+ cells in peripheral circulation and 
the phagocytic function of blood neutrophils, were evident following change in 
environment alone.  Further research is warranted to investigate the potential use 
of these measures as prognostic biomarkers of stress sensitive and consequently, 
infection susceptible animals in response to other stressors. In line with previous 
study, total leukocyte count increased following weaning (Blanco et al., 2009).  
Monocyte, basophil and eosinophil counts were not sensitive to weaning or change 
in environment as evidenced by the unaltered profiles pre- and post-weaning. 
Previous studies have shown that weaning induces an acute phase protein response 
in beef calves whereas in the present study, although there was a numerical increase 
in fibrinogen and haptoglobin concentration, it was not statistically significant.  

Conclusions 

Abrupt weaning at housing affected total leukocyte, neutrophil and lymphocyte 
counts, lymphocyte immunophenotypes and functional activity of neutrophils 
in beef calves.  Neutrophilia was evident post-weaning, however, crucially, 
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the functional capacity of these cells to effectively traffic from the periphery and 
phagocytose bacteria was temporarily decreased.  Additionally, weaning resulted 
in a temporary reduction in lymphocyte subsets, most notably of γδ lymphocytes.  
Considered together, abrupt weaning transiently impaired immune function in beef 
calves and thus, in terms of immunocompetence, new and additional husbandry 
practices with the potential to induce stress in beef calves, such as housing, should be 
avoided immediately post-weaning. 
The benefit of monitoring biomarkers lies in their ability to reveal signs of disease 
before the onset of major symptoms. It is clear that this research will lead to a need for 
new diagnostic biosensor devices that can simultaneously measure multiple biomarkers 
from sera,  plasma or whole blood without complicated or time consuming sample 
preparation and equipment. For example, non-linear magnetophoretic (NLM) sensing 
can be used to screen biomarkers across a wide range of molecular weights directly 
from complex biological samples such as serum or plasma.
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Abstract

Lameness in dairy cows causes significant economic losses to modern dairy farms and 
has adverse effect on animal welfare. We have studied the effect of hoof lesions on the 
moving, lying and eating behavior of dairy cows.
The behavior of 25 dairy cows was measured over 3 weeks using Ubisense indoor 
positioning system, Rumiwatch pedometers and Insentec feed intake measurement 
system. Daily walking distance was calculated from the positioning data after median 
filtering, lying time and the number of steps were obtained from the pedometers and 
daily eating time and feed intake was calculated from feed intake measurements. The 
cows were housed in a freestall barn with slatted floors and a milking parlour. The cows 
were inspected for hoof lesions at the end of the experiment using the Finnish hoof 
health recording system. The effect of lesions on behavioral parameters was analysed 
using the Wilcoxon ranked sum test.
Hoof pathologies had clear effect on the daily walking distance and lying time of the 
cows, but there was no effect on the eating time or feed intake. Cows with sole ulcers, 
white line fissures or interdigital fibroma had significantly lower daily walking distance 
(-505m ± 115m difference) than healthy cows. The lying time of cows with sole ulcers 
or interdigital fibroma was higher than for healthy cows or cows with white line fissure.
The results indicate that positioning system brings added value to lameness studies and 
that different hoof lesions may affect the lying behavior differently. In the future we 
will focus on a longitudal measurements in order to study the behavioral changes in 
cows when hoof health changes.

Keywords: lameness, cow positioning, lying time

Introduction

Lameness in dairy cows causes significant economic losses to modern dairy farms and 
has adverse effect on animal welfare. Bruijnis et al. (2010) estimated that annual loss 
caused by foot disorders per cow is 66 € and 32 % of this sum arise from subclinical 
cases. Reduced milk production and culling are the main factors causing economical 
losses (Bruijnis et al. 2010). Indeed total losses in milk production are reported to 
vary between 270 and 574 kg over a whole lactation period (Huxley 2013). According 
Huxley’s review, other important factors causing economical losses are treatment 
costs, additional management time, discarded milk and impaired fertility.
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Early detection and effective treatment of the foot disorders may limit the 
economical losses. However, commonly used subjective methods for lameness 
detection are laborious and unreliable (Schlageter-Tello et al. 2014). It is also 
possible that locomotion score is not sensitive enough to detect all lesions (Tadich 
et al. 2010, Schlageter-Tello et al. 2014). Thus, popularity of development of 
automatic lameness detection systems has increased.
Hoof lesions and lameness affect the behavior of the cattle. Lame animals have 
increased lying time (Walker et al. 2008, Chapinal et al. 2009, Ito et al. 2010, 
Blackie et al. 2011, Alsaaod et al. 2012) and they stand and walk less (Walker 
et al. 2008) compared to sound animals. Various lesions may affect the behavior 
differently (e.g. lying time: Chapinal et al. 2009). Lameness affects also eating 
behavior; lame cows eat shorter time and in fewer bouts (Miguel-Pacheco et al. 
2014) and their eating rate is increased (Gonzales et al. 2008) compared to sound 
animals.
Day-to-day variation in the behavior can be used to detect lameness (de Mol et al. 
2013). Different activity and lying time measurements have been used in many 
lameness detection studies (e.g. Chapinal et al. 2009, Ito et al. 2010, Blackie 
et al. 2011, Alsaaod et al. 2012, de Mol et al. 2013). In Dutch report sensors 
enabling these kinds of measurements are found already in 41 % of farms with 
automatic milking system and in 70 % of the farms with conventional milking 
systems (Steeneveld & Hogeveen 2015).  Modern positioning technology allows 
also following of the spatial behavior of the farm animals (Spink et al. 2013). 
Combining this information with activity data could be advantageous in lameness 
detection (Ito et al. 2010).
We have studied the effect of hoof lesions on the moving, lying and eating behavior 
of dairy cows. This was a pilot study focusing on the first analysis of positioning 
data in relation to hoof lesions and comparing the correlation different behavioral 
measures.

Materials and methods

Animals and housing
The study was conducted in Natural Resources Institute Finland (Luke) (previously 
MTT Agrifood Research Finland), Maaninka on June 2014. The animals used in 
the experiment were of Holstein-Friesian and Ayshire breeds with parity between 
1 and 5, with daily milk yield (mean±SE) of 35.3±1.1 kg and were 170 ± 7.5 days 
in lactation. 
Cows were loose-housed in a curtain-wall barn with rubber-matted cubicles in 
two sections of 24 cows. Both sections have their own concentrate feeder and 12 
Insentec Roughage Intake Control -system (RIC) -feeders with barrier structures 
preventing stealing behavior (Ruuska et al. 2014). 

Data collection
The behavior of 25 dairy cows was measured over 3 weeks using Ubisense indoor 
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positioning system, Rumiwatch pedometers and Insentec feed intake measurement 
system. The cows were inspected for hoof lesions (sole ulcer, interdigital firbroma 
and white line disease) at the end of the experiment using the Finnish hoof health 
recording system. 
Ubisense real time location system (Ubisense, Germany) is based on Ultra Wide 
Band (UWB) radio signals. Animals are monitored by means of a collar-mounted 
tag (Ubisense Series 7000 Industrial tag) that transmits UWB pulses of extremely 
short duration and remote sensors (Ubisense Series 7000 IP Sensors) which enable 
location to be mapped by using Time-Difference-of-Arrival (TDoA) and Angle-of-
Arrival (AoA) techniques. System was validated for the cow barn environment in 
MTT Maaninka (Frondelius et al. 2014).
RumiWatch pedometer (ITIN+HOCH GmbH, Switzerland; RW) is an accelerometer 
based system that automatically measures cows’ lying, standing and walking times 
(Kajava et al. 2014). Additionally, pedometers record the frequencies of lying and 
standing up bouts and step amounts of cows. The pedometers were fastened to 
the right hind leg of the cows above the metatarsophalangeal joint as instructed 
by the manufacturer. Insentec Roughage Intake Control system (RIC) measures 
individual cow’s roughage intake and feeding time.

Data analysis

The positioning data was filtered using a 3-point median filter. Daily walking 
distance was calculated from the positioning data after filtering, lying time and 
the number of steps were obtained from the pedometers and daily roughage eating 
time and feed intake was calculated from feed intake measurements. The results 
were averaged per cow over the measurement period.

Sole ulcers and interdigital fibromas were grouped together as painful lesions for 
statistical analysis to get sufficient sample size. The effect of lesions on behavioral 
parameters was analyzed using the pairwise Wilcoxon ranked sum test with Holm-
correction. The correlations between different behavioral measures were analyzed 
using Pearson’s correlation. Data analysis was conducted using R 3.13 (R Core 
Team 2015).

Results and Discussion

There was no correlation (p=0.18) between the daily walking distance and the 
number of steps measured with the pedometer (Figure 1). This is not what was 
expected and can be caused by some of the cows stepping while eating or being 
milked. Lame cows are known to lift legs with painful lesions while standing 
(Pastell & Kujala 2007), which could further explain the disparity between step 
count and walking distance.
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Figure 1. The correlation between daily walking distance and number of steps per 
day (left) and daily lying time (right). IDF+SU = Combined group of interdigital 
fibroma or sole ulcer.

There was a moderate correlation (r=-0.57, p < 0.01) between daily walking distance 
and daily lying time (Figure 1). This suggests that while the measurements are 
correlated, there is still additional information in using a positioning system in 
addition to lying time measurements. It could however, be possible to predict lying 
time from positioning data based on time cows spend in the stalls.

The cows with interdigital fibroma or sole ulcer had lower daily walking distance 
and higher lying time than healthy cows (p < 0.05). There were no significant 
differences between cows with white line lesions and the other groups. There was 
also no difference in the daily step count, feeding time, feed intake or feeding rate 
between any of the groups.
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Figure 2. The effect of lesions on the lying time (A), daily walking distance (B), 
daily pedometer step count (C) and daily eating time (D). IDF+SU = Combined 
group of interdigital fibroma or sole ulcer. The long line in the beanplot (Kampstra 
2008) represents median, short lines represent individual cows and the outlines 
represent kernel density estimates of the distribution.

Conclusions

The results indicate that positioning system brings additional information 
compared to more established systems in lameness studies. The results also 
indicate that the type of hoof lesion also affects the changes in animal behavior.  
In the future we will focus on  longitudal measurements in order to study the 
behavioral changes in cows when hoof health changes in order to detect the 
animals in the need for treatment.
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Abstract

Body condition score is an indicator of cows’ health status based on visual or tactile 
inspection. Human assessment of body condition score is the main limiting factor 
as it is subjective and requires time and well-trained experts. The objective of this 
study was to explore the potential for using computer vision to assist human experts 
in this task and for efficient automation of the process of quantitatively estimating 
the body condition score of cows based on a 5-point scale, using images acquired 
with commercial low-cost digital cameras. Images were acquired using a camera 
mounted on a portable device 3 m above the ground, placed in a position which made 
it possible to capture images of the dorsal area of cows. The body condition score 
of each cow was estimated on site by 2 technicians and properly associated with the 
cows’ images. Cow shapes were extracted from the images automatically and aligned 
in a unique reference frame. Standard principal component analysis was applied to 
determine the components describing the many ways in which the body shape of 
different cows tends to deviate from the average shape. The proposed method was 
tested on a benchmark data set containing 286 images by means of the leave one 
out cross validation procedure. The error of the proposed method was compared 
to the performance of other estimation methods based on image evaluation which 
are reported in the literature. The experimental results confirmed the effectiveness 
of the proposed technique (error=0.26 body condition score points against human 
observation) which outperformed other state-of-the-art approaches proposed in the 
context of dairy cattle research.

Keywords: body condition score, digital imaging, body shape, dairy cows

Introduction

Body Condition Score (BCS) is widely considered an important tool for management 
of dairy cattle: it is a simple and repeatable system which is used to evaluate body 
fat stores and estimate cumulative energy balance through visual or tactile inspection 



Precision Livestock Farming ‘15 371

(Ferguson et al., 1994). The score range used by most dairy management advisors 
applies a scale from 1 to 5, with 1 representing emaciated cows and 5 representing 
obese cows (Ferguson et al., 1994).

Despite the general consensus among dairy practitioners with regard to the benefits 
of BCS evaluation on farms, traditional BCS evaluation techniques are not easily 
adopted because of the subjectivity in the judgment, which can result in different 
scores for the same cow under consideration, and the complex, not immediate, and 
time-consuming on-farm training of technicians. Furthermore, the measurements 
must be revised frequently for each cow, thus increasing the costs for farms.
Recent studies have addressed the question of BCS estimation directly from digital 
images. Ferguson et al. (2006) assessed the ability to assign a BCS to a dairy cow 
from digital photographs. In that study, human observers were able to assess BCS 
from digital photographs or a video taken from the rear of a cow at an angle of 0 
to 20 degrees relative to the tail head. Bewley et al. (2008) assessed the feasibility 
of using digital images to determine BCS, employing a semi-automatic estimation 
technique based on digital images. They used 23 anatomical points on a single image 
of the dorsal view to define the shape of the cow’s body. These points were selected 
manually and used to compute 15 angles around the hooks, pins and tail head, in 
order to describe the cow’s contour. Halachmi et al. (2008) tested the hypothesis 
that the body shape of a fatter cow is rounder than that of a thin cow and, therefore, 
may better fit a parabolic shape. The posterior part of the cow was considered and 
parabolic fitting was performed. The absolute differences between the real body shape 
and the fitted parabola were used to estimate BCS. Automation of this technique was 
further developed in Halachmi et al. (2013), however the use of a thermal camera 
is relatively expensive and a more robust way of representing cow body shape was 
needed.
Techniques which are able to describe a cow’s body shape in a reconstructive way 
have been developed. Among the visual cues used by the human visual system, the 
shape provides important information which allows humans to distinguish between 
objects of different categories (Belongie et al., 2002) as well as information that is 
relevant to an understanding of the differences in the appearance of an object within a 
specific class (Cootes et al., 1992). Azzaro et al. (2011) applied principal component 
analysis (PCA) to cow shapes which were extracted manually from the images and 
aligned in a unique reference frame to build a robust descriptor for automatic BCS 
estimation. However, this technique, based on manual labelling, requires time and 
training and might not produce consistent results. Partial least squares regression and 
Fourier descriptors applied to body shape signature were developed in Berkovich et 
al. (2013). Automatic extraction and prediction of body condition from images was 
successfully achieved without any manual intervention. Despite the clear advantages 
of using a low-cost camera and automatically extracting cow signature, results from 
the validation step showed a higher average error rate, a lower R2, and a higher rate 
of misclassified observations compared to other methods. Potential reasons might be 
associated with the calibration, the segmentation step or the inability to include the 
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hook area which could not be extracted under the research conditions.
The aim of the present study was to model the shape of a cow’s body by capturing 
deviation with respect to a “base” shape properly derived from a set of examples 
of automatically extracted shapes, then to use these deviations to describe the 
cow’s body shape in a reconstructive way. The BCS estimation is performed after 
training a regressor on the kernel PCA space of cow shapes. 

Materials and methods

Image acquisition 
Images of cows on a dairy farm were acquired by means of a commercial low-cost 
digital camera mounted on a portable device 3 m above the ground and placed in a 
position where it was able to capture images of the dorsal area of cows. The image 
acquisition system gathered a huge amount of data (approximately 172,800 images 
for each four-hour acquisition period) for analysis. The useful information (i.e., the 
cow is in the scene) was contained in a very small subset (about 40). To overcome 
this problem, a series of ad-hoc image processing algorithms were developed. First, 
filtering was performed by analysing the absolute inter-frame error between adjacent 
frames. When a cow passes below the camera the absolute inter-frame error typically 
has higher values than that obtained from the difference between two images without 
a cow (background). A peaks and valleys plot for a four-hour acquisition period was 
obtained. Each peak represented an image containing a cow whereas the valleys only 
related to the background. The filtering software identified the highest peaks and 
then a fixed number of images (200 in our experiment) were selected automatically 
around them. The mean absolute inter-frame error for the reduced subset was then 
used as starting point for local variance analysis (i.e. the variance was computed 
considering a sliding window of 20 elements). The plateau was strongly related to 
consecutive background frames and a background frame Bg was selected from this 
uniform region. Afterwards, the differences between all the selected frames and Bg 
were computed. The peak indicated the frame that differed more with respect to Bg: 
the corresponding frame therefore contained the whole cow. In order to cope with 
motion blur, out of focus, and other acquisition problems, five frames around the 
identified frame were selected. Finally the best frame was manually identified from 
the five frames.

Shape extraction and alignment
A fully automatic pipeline was implemented in JAVA to convert Red-Green-
Blue (RGB) images to Hue-Saturation-Value (HSV) colour space, which was 
approximately perceptually uniform compared to RGB space. Images were segmented 
using Statistical Region Merging (SRM), which uses the strategy of region growing/
merging techniques. Regions are sets of pixels with homogeneous properties and are 
iteratively grown by combining smaller regions, using statistical tests to decide the 
merging of regions. Shapes were then binarised by simple thresholding, followed by 
a regularisation process to remove noise.
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To obtain a consistent shape representation, the location, scale and rotational effects 
were filtered out by aligning the corresponding anatomical landmarks of the different 
shapes involved. Shape alignment was carried out by establishing a coordinate 
reference (position, scale and rotation, commonly known as pose) to which all shapes 
referred. The reference anatomical landmarks were the foreribs, the tail, and the right 
and left hook, as highlighted in Figure 1a. As first, shapes were translated to the 
origin (Figure 1b). Shapes were then rotated such that the left ileal tuberosity (hook 
bone) and the right ileal tuberosity (hook bone) had the same horizontal coordinate 
(Figure 1c). To perform translation and rotation of shapes, the middle point between 
the left and the right hook bone was taken into account, thus providing a fixed point 
of reference so that the shapes only differed in scale, which could be scaled to fit in 
a unit square (Figure 1d). The landmarks with minimum and maximum values for 
the x and y coordinates were used to scale the shape with respect to the x and y axis, 
respectively. 

A b

C d

Figure 1. Anatomical landmarks in a cow body shape (a), shape translation (b), shape 
rotation (c), and shape scaling (d).

Shape scaling makes the system invariant to scale. In this way, the system can be 
used independently of the distance from the camera to the ground without re-running 
any learning phase. After alignment, all standardised shapes referred to the same 
coordinate system (centered into the origin) and were described in terms of arc-
length parameterisation by uniformly sampling the contour of the shapes.
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Figure 2. Uniform sampling of the shape contour. Shapes are scaled to fit in a unit 
square. After alignment, all the shapes refer to the same coordinate system

Kernel PCA based shape analysis

Shapes are typically represented by locating a finite number of landmarks on the 
outline of an object. The mathematical representation for n landmarks located into 
the shape of an object is a 2n-dimensional column vector:

s=[x1, x2,…,xn, y1, y2,…,yn,]
T= [s1, s2,…,sn, sn+1, sn+2,…,s2n,]

T  (1)

Let S={s1,…, sm} a set of shapes and S’={ s’1,…, s’m} the set of shapes obtained 
through the alignment procedure. The mean shape of S’ corresponds to the vector that 
minimises the sum of the squared-error criterion function with respect to the shapes 
in S’. Hence, the sample mean 's  is the zero-dimensional descriptor of the dataset 
S’ and can be considered as a “prototype” of the data, in the sense that it is the most 
similar to all the samples in the dataset, but does not reveal any of the variability in 
the data. The modes of variations can be found by applying principal component 
analysis to the deviations from the mean 's (Cootes 1992). More specifically, taking 
into account the nn 22   covariance matrix C built taking into account the samples 
in S’, the modes of variation of the points of the shapes are described by the unit 
eigenvectors of C such that

    
(2)

where 
i  is the ith eigenvalue of C. The eigenvectors ie  of the covariance matrix 

corresponding to the largest eigenvalues describe the most significant modes of 
variations in the variables used to derive the covariance matrix.
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Kernel PCA is the extension of PCA to deal with non-linear cases using the kernel 
methods technique. The basic idea behind kernel methods is to map the data in the 
input space (S’ in our case) using a non-linear function   and then apply a linear 
method to undertake further analysis.

Let  nn RR2:  be a mapping function acting on the input space S’. Kernel PCA 
finds the principal axes by diagonalising the covariance matrix C built taking into 
account the samples in 'S . The modes of variation into the kernel space are described 
by the unit eigenvectors of 

C such that

                               
   

(3)

where 
i  is the ith eigenvalue of C . The eigenvectors 

ie  of the covariance matrix 
corresponding to the largest eigenvalues describe the most significant modes of 
variations in the variables used to derive the covariance matrix 

C . 

Note that PCA is a particular instance of the kernelised method and the possible 
mapping function is xx  )( .

In our experiments, we used standard PCA to model the shape of cows. 

Evaluation

The standard PCA based shape descriptor method described in this paper was 
evaluated by comparing it with other existing methods of BCS scoring using digital 
images (Bewley et al., 2008, Halachmi et al., 2009, and Azzaro et al., 2011) from the 
selected database.

In the first study, the authors considered the symmetry of the cow shape to obtain 
seven composite angles averaging the left and right angles of the shape. The related 
proposed models are reported below:

       (Bewley 1)

            (Bewley 2)

where yij is the jth BCS of the ith cow estimated by technicians, m, b1, b2, b3, b4, b5, 
are the regression parameters, Cowi is the identifier of the ith cow, eij is the residual 
error, HAij is the average hook angle, PHAij the average posterior hook angle and 
TDij is the average tail head depression. In this experiment, the term Cowi was not 
taken into account in testing the models since this value does not provide anatomical 
information which is useful for BCS estimation. 
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In the second study, the posterior part of the cow was considered and a parabolic 
fitting was performed. The absolute differences between the real body shape and the 
fitted parabola were used in the BCS estimation as follows:

       (Modified Halachmi)

where Bfit is the best fit reached in the herd, MAE is the mean absolute error, and 5 is 
a normalisation factor. In our evaluation phase, we implemented a modified version of 
Halachmi. Parabolic fitting and BCS estimation were performed considering only the 
labelled points because we did not use a thermal camera to acquire images and therefore 
shape extraction from those images was a complex task not addressed in this study.

The mean BCS estimation error was defined as:

   

where N is the number of images (i.e. 286), and BCSest and BCStec are the BCS values 
estimated from digital images and the mean BCS manually evaluated by technicians, 
respectively. 

In Azzaro et al. (2011) PCA and kernel PCA were used to model the shape of cows. 
Specifically they used a linear ( xx  )(Linear  for ][ 21,xx=x ) and a polynomial 
mapping function ( ]2,,[)( 21

2
2

2
1 xxxxPolynomial  x ).

In order to assess the effectiveness of the methods, the Leave One Out Cross Validation 
(LOOCV) procedure (Webb, 2002) was used. Each run of LOOCV involved a single 
observation of the dataset as a test, and the remaining samples as training data. This 
was repeated to guarantee that each sample was used once as the test data. The 
average error rate was computed taking into account all runs. 

Results and discussion

During the experiment, 172,800 images were gathered. The automatic filtering process 
resulted in a final set with 10,400 images. Some of the images for an acquisition 
period could not be used because of blurring and dirtiness due to automatic washing 
of the barn. The final dataset therefore contained just 286 manually chosen images, 
corresponding to 29 different cows. 

The eigenvectors 


 n
i 1}{ei  that could be used to describe the shapes were computed 

using PCA. Assuming zero mean, any shape in the training set mapped into the 
kernel space through   can therefore be generated as a linear combination of the 
eigenvectors obtained through PCA. 
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This means that the eigenvectors 


 n
i 1}{ei  constitute a basis of the space of shapes 

into the space )( 'S  which can be used to generate new samples. Unseen shapes in 
the space can be generated by changing the values of each component 

ia  taking 
into account the fact that its variance is represented by 

i . Since most of the sample 
of the training set lies within three standard deviations of the mean, the suitable range 
for 

ia  is [  ii  3,3 ]. The range of each 
ia  can be used to detect outliers.

Given a training set of cow shapes, principal component analysis was applied after 
alignment and hence each shape '

js  was described using the vector ],...,[ ,1,



 njjj aaa  . 

The shape descriptors of the training set can be used together with a linear regressor 
to build a system for BCS estimation:

                                    (4)

Given the descriptors of the shapes in the training set, the regression model can be 
fitted by using a least squares method. The learned parameters ],...,,[ 10 nwww  are 
then used to infer the BCS of new shape samples describing them by using the basis 

],...,[ 1


nee  learned on the basis training set.

Validation
In the validation step, BCS was estimated by applying the five different models 
to the images in the training set and errors were averaged for all runs of LOOCV. 
Among the methods, the Modified Halachmi method reported the biggest error 
(0.98), whereas errors for both Bewley 1 and Bewley 2 models, linear and polynomial 
kernel PCA proposed in Azzaro et al. (2011) and our model were 0.33, 0.32, 0.31, 
and 0.26, respectively. The Modified Halachmi approach was not able to provide 
satisfactory results: the parabolic fitting might not be accurate enough as it was 
performed considering only the labelled points. Bewley 1 and Bewley 2 models 
obtained similar results (model 2 was slightly better than model 1). Berkovich et al. 
(2013) reported an average error rate of 0.34. The method proposed in this paper, 
although not referring to the same testing set, performed better than the other state-
of-the-art methods in estimating BCS.

Conclusions

The cow’s body shape was described by considering the deviation from the average 
shape in the space. The method produced a description of the shape for use in 
automatic estimation of BCS. Experimental results confirm the effectiveness of the 
proposed approach.
Body condition score estimation systems which operate fully automatically (with no 
user intervention) or at least semi-automatically (with minimal user intervention) are 
desirable in order to reduce the time and costs involved in traditional BCS estimation 
techniques. Moreover, these systems can produce an objective evaluation of BCS in 
a way that is less invasive for the cows.

011,11,, ... wwawawaBCS jnnjnnjj  
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Automatic extraction of the whole shape is also useful to build a more robust model 
for BCS estimation by using more, automatically extracted anatomical points.
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Abstract 

Automated oestrus detection systems are becoming a mainstream technology 
on dairy farms. A previous study demonstrated that these systems generate 
heat alerts too early or too late in comparison to progesterone-defined oestrus 
events. That study, however, included only 30 cases. The current study used 
successful inseminations as reference to evaluate sensitivity of heat detection 
systems. Data were collected on two farms from January through July 2014 and 
included insemination records and heat alerts from three different automated heat 
detection system. One system was implemented on both farms, and each farm had 
a second, different, heat detection system running simultaneously. Insemination 
records were used to identify successful inseminations (n = 282; 153 on Farm 1 
and 129 on Farm 2). The day each system generated heat alerts was compared 
with the day of successful insemination to calculate the sensitivity for successful 
inseminations. Sensitivity was also assessed per parity (1, 2 or ≥3) and per 
lactation stage (≤56 and >56 days in milk) within each system. Using a two-day 
time window (day of successful insemination and previous day) for a system to 
generate an alert, sensitivities were 35%, 87%, and 94% for system A, B, and 
C, respectively. Systems had lower sensitivity levels for heifers (parity 1) and 
system B appeared to have higher sensitivity levels for successful inseminations 
during the first 56 days of lactation. Despite small differences in sensitivity 
levels for the different parity groups and lactation stages, there appeared to be 
no differences of practical relevance. Results suggested no necessity for parity 
specific or lactation stage specific algorithms to improve detection performance 
of heat detection systems.

Keywords: automated heat detection, performance, timing of alerts

Introduction

Farmers generally aim for their cows to have a calving interval of one year as 
this interval is considered to be economically optimal (Inchaisri et al., 2011). To 
achieve this one-year calving interval, it is important that the first insemination 
is between 40-70 days after calving (Inchaisri et al., 2011). To inseminate cows 
at the right time – that is, when they are in oestrus- it is important for farmers 
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to look for cows displaying visual signs of oestrus-related behaviour, e.g., the 
willingness to stand while being mounted (Eradus et al., 1992). However, visual 
detection of this oestrus-related behaviour requires experience, diligent attention 
and time (Harris et al., 2010) and these requirements become challenging as 
herd sizes continue to increase. Accordingly, the interest for and adoption of 
automated heat detection systems is increasing. Edwards et al. (2014) conducted 
two surveys amongst 500 New Zealand dairy farmers. The first survey was 
conducted in 2008 and the second in 2013. Whereas none of the surveyed farmers 
said to have adopted automated detection systems in 2008, already 10% of the 
farmers surveyed in 2013 is working with this technology on their farm. Another 
25% of the surveyed farmers in 2013 indicated to be interested in investing in 
this technology (Edwards et al., 2014). It is estimated that ~20% of Dutch dairy 
farmers also use automated heat detection (K. Huijps, 2015, CRV, Arnhem, The 
Netherlands, personal communication). These percentages imply that automated 
heat detection is becoming a mainstream technology on modern dairy farms. 
There are three factors underpinning the success of automated heat detection. 
Firstly, the output of these systems is associated with a clear management 
action for farmers (‘order semen and inseminate cow’). Secondly, for the Dutch 
farming situation, the investment in these systems are proven to be economically 
beneficial (Rutten et al., 2014). Lastly, there is scientific evidence that these 
systems perform well under field conditions with sensitivities ranging between 80 
to 90% in combination with a specificity of >90% (Rutten et al., 2013). Whereas 
sensitivity levels are higher than those reported for visual detection (e.g., Rutten 
et al., 2014), the specificity levels still require visual confirmation of generated 
heat alerts. It can be challenging for farmers, however, to distinguish between 
true positive and false positive alerts.
Progesterone profiling is a widely used method to define a peri-ovulatory event 
and it is often used as Gold Standard (Rutten et al., 2013) despite the measure 
being an expensive one. Kamphuis et al. (2014) reported that 84% of heat alerts 
were generated plus minus three days around a progesterone-defined oestrus 
event. This was considered to be not accurate enough. Surprisingly, sensitivity 
levels were much lower (~50%) compared to reported levels of ~80% in 
literature (e.g., Kamphuis et al., 2012). This was not caused by missed oestrus 
events due to abnormal progesterone profiles, since the profiles did not differ 
between cows that were correctly detected by heat detection systems and those 
that were missed (Kamphuis et al., 2014). That particular study included only 30 
progesterone defined oestrus events. Consequently, the options were limited to 
further study whether heat detection systems differed in performance between 
different parities or lactation stage. 
The Smart Dairy Farming project, a Dutch initiative to develop innovative tools 
that aid in dairy cow health, reproduction and feeding strategies, offered the 
opportunity to conduct a new study using successful inseminations as proxy 
measure for an oestrus event to study whether commercially available detection 
systems differ in their accuracy for heat detection within certain groups of cows. 
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Materials and Methods

Two farms located in the northern part of the Netherlands and participating in the 
Smart Dairy Farming project (www.smartdairyfarming.nl) were enrolled in this 
study. Farm characteristics are summarized in Table 1. Farm 1 milks ~450 dairy 
cows using a conventional milking parlour. Farm 2 milks ~250 cows automatically 
using four milking units. For both farms, for the time period running from the 1st 
of January through the 31st of July 2014, data on artificial insemination events 
were retrieved from the Dutch breeding company CRV (Arnhem, the Netherlands). 
Information included farm identification number, cow identification number, and date 
of insemination. For the same time period, for both farms, automatically generated 
heat events were retrieved from the management systems. Information included farm 
identification number, cow identification number and date of generated heat alert.

Table 1. Farm characteristics of two farms enrolled in the Smart Dairy Farming project

Farm 1 2
Herd size 450 250
Milking system Conventional Robotic (4 units)
Milk production/cow/year 9,500 kg 9,800 kg

Cows included for analyses
Cows with ≥1 successful inseminations 145 119
Total number of inseminations 293 208
GS positive inseminations 153 129
Cows with system A 145 n/a1

Number of alerts from system A 352 n/a
Cows with system B 145 38
Number of alerts from system B 532 117
Cows with system C n/a 119
Number of alerts from system C n/a 887

1n/a = not applicable

Defining successful (GS positive) inseminations
The date of a successful insemination was defined using insemination records. In 
case of one single insemination record within the data collection period (cow A, 
Figure 1), that particular insemination was assumed to be successful and labelled 
‘Gold Standard (GS) positive’ in case the insemination occurred >56 before the end 
of the data collection period. In case of multiple inseminations, the difference in days 
between two inseminations were computed. If this was ≤56 days, the insemination 
was assumed to be unsuccessful (insemination 1 for both cows B and C, Figure 1). 
If this was >56 days, the insemination was assumed successful and consequently 
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labelled ‘GS positive’ (second insemination cow C, Figure 1). The last insemination 
within the data collection period was labelled ‘GS positive’ if it occurred >56 days 
before the end of the data collection period (second insemination cow B, Figure 1). 
If not, the insemination was assumed to be unsuccessful (third insemination cow 
C, Figure 1). These selection criteria led to 145 cows with at least one GS positive 
insemination on Farm 1 with a total of 293 inseminations within this group of cows 
(Table 1). For Farm 2, these criteria led to 119 cows with at least one GS positive 
insemination and a total of 208 inseminations within this group (Table 1). Only 
successful inseminations were included for further analyses, resulting in 153 GS 
positive inseminations on Farm 1 and in 129 GS positive inseminations on Farm 2. 

Heat alerts generated by automated heat detection systems 
Three heat detection systems were used in this study (system A, B, and C). All 
three systems are commercially available technologies and monitor, amongst other 
information, cow’s activity to generate heat alerts. On Farm 1, all cows were fitted 
with both systems A and B. On Farm 2, all cows were fitted with system C whereas 
a proportion of the herd (n = 87) were also fitted with system B. Heat alerts were 
retrieved on a daily basis. Days without alerts were labelled ‘0’; those with an alert ‘1’.

Figure 1. Definition of successful inseminations that serve as Gold Standard positive 
days for an oestrus event.
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Determining accuracy of detection systems
The GS positive inseminations were combined with heat alert data by farm, 
cow identification number and date. Two time-windows were applied to assess 
sensitivity (SN) of the automated heat detection systems. The first time-window 
considered a heat alert as true positive (TP) when generated on the same day 
as the GS positive insemination. Gold Standard positive inseminations that did 
not receive an alert on the same day were considered false negative (FN). The 
second time-window considered a heat alert as TP when generated on the same 
day or the previous day of the successful insemination. In case multiple alerts 
were generated during this second time-window, these were considered as one 
TP alert. Again, GS positive inseminations that did not receive an alert within 
this second time-window were considered as FN. The TP and FN alerts were 
used to calculate the SN of the automated heat detection systems for both time-
windows using SN(%) = 100 x (TP / TP+FN). Sensitivity levels were calculated 
per system, but also per parity (1, 2 or ≥3) and per lactation stage (≤56 and >56 
days in milk) within each heat detection system.

Results

The 153 GS positive inseminations on Farm 1 included 145 cows; all these cows 
were fitted with both automated heat detection system A and B (Table 1). The 
129 GS positive inseminations on Farm 2 included 119 cows that were fitted 
with automated heat detection C; 38 of these cows were also fitted with heat 
detection system B (Table 1). The number of GS positive inseminations included 
for further analyses ranged between 129 and 194 per automated system (Table 
1). Most heat alerts were generated by system C (n = 887) and the least by system 
A (n = 352) (Table 1).
Generated heat alerts were plotted graphically in relation to the date of GS positive 
inseminations to achieve greater insight into the timing of generated heat alerts, 
where the day of GS positive insemination was set at day 0 (Figure 2). Most 
heat alerts were generated on the GS positive insemination day itself. System C 
generated a considerable amount of alerts the day after GS positive insemination 
(Figure 2). System A alerted for 46 out of 153 GS positive inseminations on the 
same day, resulting in a SN of 31%. Including the previous day increased SN to 
35% as eight additional GS positive inseminations received an alert. System B 
alerted for 113 out of the 194 GS positive alerts on the same day (SN = 58%). 
Increasing the time-window to include the previous day also increase SN to 87% 
as 59 additional GS positive inseminations received an alert. System C had a SN 
of 92% when using the shortest time-window. Increasing the time-window to 
include the previous day too, included an additional 2 GS positive inseminations 
and improved SN to 94%.
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Figure 2. Number of heat alerts generated by system A (black bars), B (dark grey 
bars), and C (light grey bars) around the day of successful insemination (day 0). 
There were 153, 194, and 129 successful inseminations on day 0 for system A, B, 
and C, respectively.

Table 2 summarizes the parity and lactation stage distribution per automated heat 
detection system for the GS positive inseminations. System B has not been allocated 
to heifers on Farm 2. Table 3 summarizes the SN per parity and per lactation stage for 
the different systems using the second time-window (day of GS positive insemination 
and previous day). All three systems had the lowest SN for parity 1, but it appeared 
that the SN for parity 1 was considerably lower for system A. System A and C had 
the highest SN for parity 2. In general, system A had considerable lower SN for all 
three parity classes compared to system B and C. Also for lactation stage, system A 
had the lowest SN levels for both lactation stages. System C appeared to have similar 
SN levels for both lactation stages. System B seemed to perform better in detecting 
successful inseminations in the first 56 days in lactation, but also has a high SN for 
those later in lactation.

Table 2. Parity and lactation stage distribution of Gold Standard positive inseminations 
per automated heat detection system

Distribution Gold Standard positive inseminations for system
A B C

Parity
1 39 39 31
2 33 50 30

≥3 81 105 68
Lactation stage (days in milk)

≤56 25 30 11
>56 128 164 118

Total 153 194 129
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Table 3. Sensitivity (SN) of three automated heat detection systems per parity and 
per lactation stage using the two-day time-window (same day and previous day of 
Gold Standard positive insemination)

Parity SN (%) of system
A B C

1 23 85 90
2 48 90 97

≥3 36 90 94

Lactation stage (days in milk)
≤56 44 100 91
>56 34 87 94

Discussion and Conclusion

This paper describes the sensitivities of three commercially available automated heat 
detection systems using successful inseminations as reference. Applying a two-day 
time-window (day of GS positive insemination and the previous day) sensitivities 
were 35%, 87%, and 94% for system A, B, and C, respectively. Similar to Kamphuis 
et al. (2014), system A had a much lower sensitivity compared to the other two 
systems. Further detailed research of the data suggested that this lower performance 
was, at least partly, caused by technical problems in data exchange that resulted 
in missed generated heat alerts. These problems came to day-light after thorough 
research of the raw data and indicate the need to develop systems that automatically 
identify faulty collars or errors in data exchange. As a result of these technical 
problems, sensitivity levels of this particular system are likely to be underestimated 
and cannot be compared with the other two systems or with results from literature. 
Results from system A are, thus, not taken into consideration in the remainder of this 
document.
The two remaining detection systems differed in their frequency of generating alerts 
(an hourly vs. a two-hourly frequency). Because insemination data were recorded at a 
daily level, heat alerts were also summarized into a daily frequency where days with 
at least one heat alert were labelled ‘1’ and those without any alerts were labelled ‘0’. 
However, analysing the data at a daily-level had the potential consequence that a heat 
alert appearing after the insemination was considered TP, whereas in reality this heat 
alert would be too late. Subsequently, the reported SN levels may be overestimated. 
Using (milk) progesterone as reference for oestrus events is a  widely accepted gold 
standard to calculate sensitivity and specificity levels for automated heat detection 
systems. Kamphuis et al. (2014) reported that 84% of heat alerts were generated 
plus minus three days around the progesterone-defined oestrus events. Sensitivities 
reported in that study were <50%, much lower than sensitivities reported in literature 
that used milk progesterone as reference (Hockey et al., 2010; Kamphuis et al., 
2012). Results reported in Kamphuis et al. (2014), however, were based on 30 cases 
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only because (milk) progesterone is a very expensive and labour intensive method to 
retrieve reference data. To increase the number of gold standard positive events, the 
current study used successful inseminations as reference data. Sensitivity levels for 
system B and C (87 and 94%, respectively) were in line with levels reported by Rutten 
et al. (2013). Using successful inseminations as reference was useful to increase 
gold standard positive events and to study practical implications of automated heat 
detection systems but it should be realized that the used approach also resulted in 
exclusion of data from cows that were in oestrus but were not (1) detected by the 
system, (2) observed or confirmed by the farmer, (3) inseminated correctly, or (4) 
inseminated at all due to management considerations. The data used, thus, has its 
limitations and issues, and perhaps led to an overestimation of sensitivity levels. 
Sensitivities reported in this study, thus, should be interpreted with care. Moreover, 
using successful inseminations didn’t allow for further collaboration on false positive 
attentions for assessing specificity levels of the automated detection systems. 
Results from the current study suggested that both heat detection systems B and C 
have high SN levels. Both systems had lower SN levels for heifers (parity 1) but there 
were no apparent differences between parity levels. The same accounted for lactation 
stage: no real differences were found although system B appeared to perform better 
in detecting heats in the first 56 days in milk. All in all, despite small differences in 
sensitivity levels there appeared to be no difference of any practical relevance for 
the different groups of cows (parity or lactation stage). It should be noted that this 
study only included cows with at least one successful insemination; cows without 
successful insemination were excluded for further analyses. These cows, however, 
may be cows that have problems affecting conception and it can be expected that 
older cows (with a higher parity) and cows further in lactation dominate this excluded 
group of cows without any successful insemination. Based on the results found in 
this study it appears that no parity specific or lactation stage specific algorithms are 
necessary to improve detection performance of heat detection systems. It may be of 
interest, however, to study those cows without any GS positive insemination in more 
detail to confirm this conclusion. 
The objective was to compare the accuracy of different commercially available 
systems and to study whether this accuracy differed between different groups of 
cows. With all the limitations, this study did demonstrate that there appeared to be 
no difference between groups of cows. Data collection, however, is on-going. Future 
research will confirm or refute this observation statistically in the near future with 
a larger amount of data, using the same definition of GS positive oestrus events. 
This larger dataset will also allow for researching cows without a single GS positive 
insemination, and to analyse at a more detailed (hourly vs. daily) level.
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Abstract

The objective of this study was to compare timed artificial insemination (TAI) and 
automated activity monitoring (AAM) as reproductive management strategies on 
commercial dairies.  Between September 2012 and June 2014, 523 cows from 3 
commercial herds completed the study.  Before enrollment, resumption of ovarian 
activity was confirmed and body condition score (BCS) was evaluated.  Eligible cows 
(BCS between 2.50 and 3.50 and no recorded, clinical metabolic diseases in the current 
lactation) were balanced for parity and predicted milk yield then randomly assigned 
to 1 of 2 treatments: TAI or AAM.  Ovulation synchronization using G7G-Ovsynch 
and Resynch occurred up to 3 times for all cows assigned to the TAI treatment.  
Cows assigned to the AAM treatment received a leg-mounted accelerometer (AfiAct 
Pedometer Plus, S.A.E. afimilk, Kibbutz Afikim, Israel) and were bred according to 
estrus alerts created by the system algorithm for up to 90 days after the voluntary 
waiting period (VWP).  Timed artificial insemination cows experienced a 15.4 day 
shorter time to first service (6.6 ± 0.8 and 21.9 ± 0.8 days after the VWP for TAI and 
AAM, respectively).  Automated activity monitored cows experienced a 13.7 day 
shorter service interval (42.1 ± 0.7 and 28.5 ± 0.8 d for TAI and AAM, respectively).  
No treatment effect on first service conception rate, services per pregnancy, pregnancy 
loss, days to conception, proportion of pregnant cows at 90 days past the VWP, or rate 
of pregnancy establishment existed.  

Keywords: reproductive management, automated estrus detection, automated activity 
monitoring, timed artificial insemination 

Introduction

Estrus detection efficiency has been identified as a major limiting factor in dairy 
reproductive performance.  The effectiveness of traditional, visual estrus detection is 
reduced by short estrus periods and influenced by the timing, length, and frequency of 
observation.  Timed artificial insemination (TAI) has successfully been implemented 
on many farms as a replacement for visual estrus detection.  Unfortunately, lack of 
protocol compliance (i.e. missed injections) often reduces the success of TAI (Galvão 
et al., 2013).  Additionally, consumer concerns surrounding hormone use could limit 
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this management option in the future.  One alternative to TAI is automated estrus 
detection (AED) technologies.  Parameters with potential for AED include mounting 
events, activity levels, lying time, feeding time, rumination, body temperature, and milk 
or blood progesterone levels.  Challenges associated with AED include determining 
how and when to intervene with anovular cows and determining the best time to 
inseminate relative to behavioral changes (Fricke et al., 2014).  Another drawback 
associated with AED, as identified in producer surveys, is the large investment cost 
and uncertainty in payback period (Russell and Bewley, 2013; Borchers and Bewley, 
2014).   

Materials and Methods

Study Design

This study was conducted on three commercial dairy herds in Kentucky (USA).  Mean 
milking herd size and rolling herd average milk production of herds A, B, and C were 
261 and 12,230 kg, 190 and 11,040 kg, and 432 and 9,400 kg, respectively, at the 
conclusion of the study.  To be considered eligible for this experiment, all cows had 
to meet specific health requirements.  First, cows had to have a body condition score 
(BCS) between 2.50 and 3.50 (1 to 5 scale; Ferguson et al., 1994).  Second, each cow 
was subjected to a routine reproductive exam by the herd veterinarian to verify normal 
progression of uterine involution (free of any clinical signs of metritis or pyometra) 
and the commencement of ovarian cyclicity (indicated by the presence of a corpus 
luteum or follicle greater than 9 mm in diameter).  Eligible cows were classified by 
parity (primiparous or multiparous) and predicted milk yield.  Assignment of cows 
to treatments (timed artificial insemination, TAI, or automated activity monitoring, 
AAM) followed, alternating alike herdmates (determined by parity and predicted milk 
yield classification).  Cows were assigned to a treatment group when they reached 17 
to 31 d before the end of the VWP, in 14 d intervals.  Cows were managed according 
to their assigned treatment until 90 d after the end of the VWP.  

TAI Treatment

Synchronization of ovulation in cows assigned to the TAI treatment involved a 
combination of protocols commonly referred to as G7G, Ovsynch, and Resynch.  The 
G7G presynchronization consisted of PGF2α (dinoprost tromethamine, Lutalyse; Zoetis, 
Florham Park, NJ; 25 mg intramuscular) and GnRH (gonadorelin diacetate tetrahydrate, 
Cystorelin; Merial Limited, Duluth, GA; 100 µg intramuscular) administered 9 and 
7 days before beginning Ovsynch, respectively.  The Ovsynch protocol consisted of 
GnRH on day 0, followed by PGF2α 7 days later, GnRH 56 hours later, and insemination 
16 hours after (Pursley et al., 1995)  .  Resynch began with GnRH one week before 
pregnancy diagnosis.  Cows received PGF2α at the time of open diagnosis, followed 
by GnRH and AI 56 and 72 hours later, respectively.  This method allowed up to three 
inseminations of TAI cows during the 90 day study period.  
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AAM Treatment

Cows assigned to the AAM treatment received an ankle-mounted, mechanical activity 
monitor measuring 9.2 x 7.4 x 2.4 cm and weighing 92 g (AfiAct Pedometer Plus, 
Afimilk, Kibbutz Afikim, Israel).  The monitor was attached to a rear leg at least 10 
d before the end of the VWP to establish the normal activity level of each cow.  The 
AAM system continuously recorded activity level using a 3-axis accelerometer that 
relayed information to a computer at each milking.  Steps per hour since the last 
milking and a 10 d backwards moving mean steps per hour were calculated after each 
data download.  An estrus alert was generated when the most recent measurement of 
a cow’s steps per hour exceeded her 10 d backward moving mean as determined using 
a proprietary algorithm, consistent across herds.  Herd managers were instructed to 
check the AAM alert list twice per day and breed AAM cows at every alert throughout 
the 90 day study period, unless specific management practices (i.e. pen changes, 
hoof trimming, etc.) indicated a false alert.  If an open cow experienced no AAM 
alert generation for a 39 ± 7 d period beginning at the end of the VWP, hormone 
intervention (PGF2α or GnRH) was permitted as directed by the herd veterinarian.  

Pregnancy Diagnosis

The herd veterinarian or a trained researcher conducted pregnancy diagnosis via 
ultrasound at 39 (herd B and herd C) or 40 (herd A) d post insemination for TAI cows 
and 39 ± 7 (herd B and C) or 40 ± 7 (herd A) d post insemination for AAM cows.  
Pregnancy loss was determined via a second ultrasound after 60 d pregnant.  

Statistical Analysis

The MIXED procedure of SAS 9.3(SAS Institute, Inc., Cary, NC) was used to 
analyze the effects of treatment, herd, parity, BCS, and selected interactions on days 
to first service, service interval, services per pregnancy, and days to conception.  The 
GENMOD procedure of SAS was used to analyze the effects of treatment, herd, parity, 
BCS, and selected interactions on first service CR, pregnancy loss, and proportion of 
cows pregnant at 90 d past the VWP.  Survival analysis was used to evaluate the effect 
of treatment on risk of pregnancy establishment using the PHREG procedure of SAS.  
The outcome variable was the day past the voluntary waiting period at which a cow 
conceived.

Results and Discussion

Time to First Service

Time to first service was 15.4 days less for the TAI treatment as compared to the 
AAM treatment (P < 0.01; Table 1).  This resulted from cows in the AAM treatment 
requiring natural estrus expression before the first insemination whereas insemination 
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of TAI cows occurred at a predetermined time.  Herd (P < 0.01) and the interaction 
of treatment and herd (P < 0.01) also affected time to first service.  This indicates 
that even when the same breeding strategies are used, herd compliance and attention 
to detail may affect results of both TAI and AAM.  Although all herds experienced a 
longer time to first service in AAM cows, that difference was greater in herd C (20.5 
d) than either herd A or B (14.2 and 11.3 d, respectively).  This may have been the 
result of delayed cow cyclicity or missed AAM alerts in herd C. 

Table 1: Summary of time to first service in days after the voluntary waiting period 
(TFS), first service conception risk (CR1), service interval (SI), days to conception 
in days after the voluntary waiting period (DC), services per pregnancy (SP), 
pregnancy loss (PL), and the proportion of cows pregnant at 90 d after the voluntary 
waiting period (P90) for three commercial herds in a study comparing timed artificial 
insemination (TAI) and automated activity monitoring (AAM).  Lowercase letters 
indicate significant differences within effect and row (P < 0.05).

Treatment Herd

n TAI AAM A B C

TFS 519 6.6 ± 0.8a 21.9 ± 0.8b 13.1 ± 0.9a 12.0 ± 1.0a 17.7 ± 1.0b

CR1 519 40.4 ± 3.1 41.5 ± 3.3 52.8 ± 3.5a 41.0 ± 4.2b 30.1 ± 3.6c

SI 286 42.1 ± 0.7a 28.5 ± 0.8b 35.3 ± 0.9 36.4 ± 1.0 34.3 ± 0.9

DC 338 30.2 ± 1.9 35.5 ± 2.0 26.7 ± 2.0a 34.7 ± 2.5b 37.2 ± 2.7b

SP 338 1.6 ± 0.1 1.6 ± 0.1 1.4 ± 0.1a 1.7 ± 0.1b 1.6 ± 0.1b

PL 379 12.1 ± 2.4 8.2 ± 2.1 9.3 ± 2.3 7.7 ± 2.5 13.8 ± 3.5

P90 523 64.9 ± 3.1 66.7 ± 3.1 73.0 ± 3.1a 73.1 ± 3.8a 49.2 ± 3.9b

Parity BCS

n Primiparous Multiparous 2.50 to 2.8 3.00 to 3.5

TFS 519 14.5 ± 0.9 14.0 ± 0.7 14.6 ± 0.8 13.9 ± 0.8
CR1 519 42.2 ± 3.6 39.8 ± 3.0 35.5 ± 3.3b 46.7 ± 3.1a

SI 286 33.7 ± 0.8b 37.0 ± 0.7a 35.3 ± 0.8 35.3 ± 0.8
DC 338 31.0 ± 2.1 34.8 ± 1.8 34.2 ± 2.2 31.5 ± 1.8
SP 338 1.5 ± 0.1 1.6 ± 0.1 1.6 ± 0.1 1.5 ± 0.1
PL 379 7.9 ± 2.2 12.6 ± 2.4 11.1 ± 2.6 9.0 ± 2.0
P90 523 68.1 ± 3.4 63.5 ± 2.9 59.9 ± 3.4 71.2 ± 2.9



Precision Livestock Farming ‘15394

First Service CR
 
First service CR did not differ between TAI and AAM treatments (P = 0.81; Table 1).  
Cows undergoing TAI in this study were subject to presynchronization (G7G) before 
first service, which should have enhanced fertility by reducing variation in time to 
ovulation.  The ability to use hormonal intervention on AAM cows not displaying 
increased activity may have offset some of the presynchronization advantage.  
However, hormone intervention was only used on 24.7% of AAM cows.  Herd and 
BCS did affect first service CR (P < 0.01 and P = 0.02, respectively; Table 1).  
 
Service Interval

Service interval was 13.7 d shorter for the AAM treatment as compared to the TAI 
treatment (P < 0.01; Table 1).  This resulted from the ability to rebreed open AAM 
cows as soon as the AAM system detected them in estrus again.  Conversely, TAI 
cows could not be rebred until after pregnancy diagnosis, regardless of observed 
estrus activity.  In practice, rebreeding TAI cows observed in estrus before pregnancy 
diagnosis is common.  Therefore, our study design may have affected these results.  
The effect of parity (P < 0.01) and the interaction between treatment and parity (P 
< 0.01) also affected service interval.  Primiparous AAM cows experienced a 6 d 
shorter service interval than multiparous AAM cows.

Services per Pregnancy

Services per pregnancy did not differ between TAI and AAM treatments (P = 0.74; 
Table 1).  The low services per pregnancy in this study were likely influenced by the 
specific criteria that a cow must have met to have been included (i.e. BCS between 
2.50 and 3.50, no clinical, recorded metabolic diseases, resumed cyclicity, etc.).  
Additionally, the current study design only allowed for a 90 d breeding period, 
limiting the number of insemination possibilities.  Herd did affect services per 
pregnancy (P < 0.01; Table 1). 

Pregnancy Loss

Pregnancy loss did not differ between TAI and AAM treatments (P = 0.20; Table 1).  
Although not statistically significant, the 3.9% reduction in pregnancy loss seen in 
the AAM treatment may hold some importance to a farmer.  Herd, parity, and BCS 
did not affect pregnancy loss (P ≥ 0.05; Table 1).

Days to Conception 

Days to conception did not differ between treatments (P = 0.05; Table 1).  This was 
despite a 15.4 d longer time to first service in the AAM cows.  This is likely the result 
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of cows in the AAM treatment having experienced a 13.7 d shorter service interval.  
Herd and the interaction of herd and treatment did affect days to conception (P < 
0.01 and P = 0.04, respectively).  Days to conception was greater for herd 3 AAM 
cows than TAI cows from all herds and AAM cows from herd A.  Again, this may 
have been the result of delayed cow cyclicity or missed AAM alerts in herd C. 

Proportion of Pregnant Cows at 90 d Past the VWP

The proportion of pregnant cows at 90 d past the VWP did not differ between TAI 
and AAM treatments (P = 0.67; Table 1).  The lack of difference between treatments 
is consistent with days to conception results, again indicating similar achievable 
performance from both breeding strategies.  Herd and BCS did affect the proportion 
of pregnant cows at 90 d past the VWP (P < 0.01 and P = 0.01, respectively; Table 1).

Risk of Pregnancy Establishment
 
The risk of pregnancy establishment was 1.6% less for AAM cows (hazard ratio 
= 0.98, 95% CI = 0.80 to 1.22), but was not significantly different from TAI cows 
throughout the 90 day study period (P = 0.88; Figure 1).  The lack of difference 
found between TAI and AAM when considering both days to conception and the 
proportion of pregnant cows at 90 d past the VWP supports this result.  

Figure 2:  Survival curve representing the proportion of cows not pregnant by 
days past the voluntary waiting period for cows bred according to timed artificial 
insemination (TAI) or automated activity monitoring (AAM).  The risk of pregnancy 
throughout the 90 day study period was not different (hazard ratio = 0.98; P = 0.88).
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Conclusions

Cows bred using timed artificial insemination experienced a shorter time to first 
service.  Cows bred based on automated activity monitoring experienced a shorter 
service interval.  No differences were observed between groups in either days open 
or risk of pregnancy establishment.  Based on these results, it was concluded that 
automated activity monitoring provides an effective alternative to timed artificial 
insemination. 
Although both reproductive management strategies produced similar results in 
this study, the economics of each system should be analyzed before adoption on 
a commercial herd.  The initial investment in AAM is large, but may be offset by 
reoccurring injection and labor costs associated with TAI.  
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Abstract

On dairy farms, management of calving is important for the health of dairy cows 
and the survival of new-born calves. Although an expected calving date is known, 
stockpersons will have to check their cows on a regular basis to determine the 
moment when a cow might start calving. A prediction that is more precise than 
the expected calving date could help a stockperson to improve detection of the 
start of calving. In the Dutch Smart Dairy Farming research project, a total of 200 
cows on one commercial farm were equipped with tags that measure rumination, 
activity and activity change every two hours. From February 2014 to July 2014, 
the exact timing of 91 calvings was defined using camera images of the calving 
pen that were recorded every 5 minutes. Two logit models were developed: a) a 
reduced model with the expected calving date as the independent variable and b) a 
full model that additionally included independent variables based on sensor data. 
The area under the receiver operator curve was 0.759 for the reduced model and 
0.944 for the full model. In the jack-knife validation procedure of the full model 
the specificity was estimated to be 89.8% (86.3%-93.3%) and the sensitivity was 
estimated to be 90.0% (70.4%-109.6%). There is potential for the prediction of 
the onset of calving with this sensor, although the scale of the current study was 
relatively small.

Keywords: Sensor technology, calving management, dairy farming.

Introduction

The calving process is physically challenging for a cow and, therefore, the cow has 
a higher risk of postpartum diseases such as mastitis, metritis and hypocalcaemia. 
If dystocia occurs during the calving process, the physical challenges will be larger. 
Furthermore, calves that are born after dystocia have a lower survival rate and 
higher disease occurrence (Barrier et al., 2013). Therefore, dystocia can be seen as 
a health and welfare problem in dairy farming and could have a negative impact 
on the perception of dairy farming by society in general. It has been estimated that 
dystocia occurs in up to one-third of calvings (Barrier et al., 2013). Whether dystocia 
occurs will depend on biology (breeding) and management (nutrition, etc.). For 
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instance, biological risk factors for dystocia are breed, parity and calf weight. Risk 
factors associated with management are housing and pre-calving movement (Mee, 
2008). Stockpersons can influence both biological and management risk factors, 
for example by changing the breeding strategy or management of calving. Where 
management of calving is concerned, timely assistance during calving is important 
in the case of dystocia as it could reduce the negative effects of dystocia on calves 
and dairy cows (Mee, 2008, Barrier et al., 2013). Timely assistance during calving 
is only feasible if a the stockperson observes cows prior to calving so that he/
she notices when a cow starts calving. In practice this means that stockpersons 
commence observation of pregnant cows for signs of calving when they approach 
their expected calving date (267-295 days after successful insemination) (Inchaisri 
et al., 2010)). 

Previous studies have indicated that prior to the onset of calving, cows feed and 
ruminate less frequently (Bar and Solomon, 2010) and transit more between lying 
down and standing up (Miedema et al., 2011b). Thus, there may be potential in 
using such activity changes to predict the onset of calving (Miedema et al., 2011b). 
Some sensors can measure activity and rumination and it appears to be possible to 
detect behavioural changes before the onset of calving (Bar and Solomon, 2010, 
Schirmann et al., 2013, Bucher and Sundrum, 2014). It has been observed using 
sensor measurements that cows spend less time ruminating in the last 24 hours 
before the onset of calving (Schirmann et al., 2013, Bucher and Sundrum, 2014). 
Time spent ruminating can be estimated with sensor technology; it may therefore 
be possible to predict the onset of calving using sensor data.

This study developed and validated a prediction model for the onset of calving in 
dairy cows using activity and rumination measures obtained by sensor technology.

Material and methods

On a Dutch dairy farm, 200 cows were equipped with the commercially available 
Qwes HR-tag (Lely Industries N.V. Maassluis). The tags were attached to the neck 
collar of the cows. For each two-hour time block, the tags recorded the number of 
minutes when the cow is ruminating, the activity and the change in activity. 

Stockpersons were asked to record the date and time when they noticed that a 
cow had calved. These records provided a rough estimate of the actual moment of 
calving. The exact calving moment was assigned by evaluating images taken by 
video cameras that took photographs of the calving pen every 5 minutes. Students 
were instructed to use the camera images to determine the onset of the calving 
process for each cow, and the stockperson’s records were used to reduce the number 
of images the students were required to screen. In the period from February 2014 
until July 2014, a total of 97 cows calved, and 91 of the calving moments were 
determined exactly based on camera images. Six cows were excluded because no 
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camera images were available to determine the exact moment of calving. Of these 
calving moments, the exact calving moments for 32 multiparous cows could be 
linked to sensor data and an expected calving date and were, therefore, included 
for further analysis.

Gold standard definition
When developing a model to predict the exact calving moment, a definition of the 
calving moment is essential. For a stockperson, the moment a cow has calved is not 
very informative, as potential dystocia should be detected and resolved shortly after 
the onset of calving. The length of the calving process varies and more problematic 
calvings will take longer. Therefore, the onset of the calving process is a better 
point to generate a calving alert because the stockperson can then check whether 
dystocia is present in good time. The onset of the calving process was therefore 
used as the gold standard. The onset was defined as the first camera snapshot which 
indicated that the cow was having contractions or had started labour. Although this 
moment was not clearly visible in all cases, it does represent the point when the 
stockperson should be informed.

Data analysis
The moments when calving started were combined with sensor data such that the 
onset of calving was linked to the 2 hour block of sensor data during which calving 
started. Sensor data were selected for 240 hours (10 days) before the onset of 
calving up to the hour that calving started. 

Expected calving date
For each cow, insemination data were available and were used to calculate the 
expected calving date (insemination date + 280 days). Expected calving dates 
were required to fall within the period from three weeks before to three weeks 
after the actual calving date. If there was no expected calving date within this six-
week period, it was assumed that the insemination was not recorded. The expected 
calving date was used to calculate the variable “days to expected calving date” ( Exp ). 
This variable was negative in the days prior to and positive in the days after the 
expected calving date. On the day of calving, every hour of the day between 00:00 
hours and the moment calving started had the same value for the variable “days to 
expected calving date”. The variable “days to expected calving date” did not make 
any distinction between the hour in which calving started and the hours prior to 
calving.

Sensor data
For each two-hour block of the day, the tags recorded three sensor variables ( iVar ): 
rumination ( 1=i ), activity ( 2=i ), and activity change ( 3=i ). As activity change 
was already a variable derived from raw sensor data, this variable was not processed 
any further. For the other two sensor variables a rolling mean was calculated over 
72 hours ( irollVar ) (equation 1). 
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(1)

Model variables ( iX ) at moment t were calculated by estimating the relative 
deviation of each observation from the rolling mean for 72 hours before (lagged 
value at moment 72t ) the current observation (equation 2). The first 72 hours 
of the dataset (days 10, 9 and 8 before calving) have no lagged value to calculate 
the relative deviation and were therefore removed from the data set after this data 
analysis step. The remaining dataset consisted of 168 hours (one week) before the 
moment of calving. 

(2)

Predictive model
Two logit models with the binary dependent variable “onset of calving” (1 = onset 
of calving and 0 = calving not started) were developed. The first model included the 
days to the expected calving date as the independent variable (reduced model) and 
the second model (equation 3) included the days to the expected calving date and the 
model variables derived from sensor data as independent variables (full model). The 
output generated by the models was the likelihood that calving has started.

(3)

Model evaluation
To evaluate the predictive performance of the models, receiver operating characteristic 
(ROC) curves were created for both models. The ROC curve uses a range of thresholds 
on tp  to produce alerts for each threshold. The alerts are classified as true positive, 
false positive, true negative or false negative. The corresponding sensitivity (SN) and 
false positive rate (FPR) are estimated from this classification, and an ROC curve is 
obtained by plotting the SN and FPR combinations for each threshold. Based on the 
ROC curve, a threshold value that equalled an FPR of 10% for the likelihood that 
calving has started was chosen and used to define alerts.

In order to prevent over-fitting of the model, a jack-knife procedure was used to 
validate the full model. In the jack-knife procedure (also known as leave one out cross-
validation) one cow was removed from the dataset and the logit model was then fitted 
to the remaining cows. The resulting model was used to predict a tp  for each two-
hour block and the previously defined threshold value was used to translate the tp
’s into alerts. Those alerts were then classified as true positive, false positive, true 
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negative or false negative with a time window of one two-hour block for the cow that 
was removed from the dataset. The sensitivity and specificity were also calculated. 
This process of removing a cow, fitting a model, and predicting was repeated until all 
cows had been used for validation once. The parameter estimates, alert classification 
(per cow) and model performance were recorded for each iteration of the jack-knife 
and used to calculate the overall mean and median values and estimate their respective 
95% confidence intervals.

All data analyses were performed in R 3.0.2 (Team, 2008) with the add-on packages 
plyr 1.8 (Wickham, 2011), Zoo 1.7-10 (Zeileis and Grothendieck, 2005) and ROCR 
1.0-5 (Sing et al., 2005).

Results and discussion

Figures 1 and 2 represent ROC curves for the reduced and full model, respectively. The 
area under the curve (AUC) was 0.759 for the reduced model and 0.944 for the full 
model. This indicates that the addition of sensor data to the model improved detection 
of the calving moment. For the full model the threshold value at an FPR of 10% was 
0.0048, so values of tp  above this threshold were considered to be calving alerts.

Figure 1: Receiver operating 
characteristic (ROC) curve for the 
reduced logit model predicting the 
onset of calving based on the days to 
expected calving date. The curve shows 
the sensitivity and false positive rate at 
different thresholds values (2nd y-axis) 
for the generated likelihoods that 
calving has started.

Figure 2: Receiver operating characteristic 
(ROC) curve for the full logit model 
predicting the onset of calving based on 
the expected calving date and variables 
derived from sensor data. The curve 
shows the sensitivity and false positive 
rate at different thresholds values (2nd 
y-axis) for the generated likelihoods that 
calving has started.
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Table 1 presents the jack-knifed parameter estimates for the full model. No overlapping 
confidence intervals were observed for these parameters, indicating that they are 
different from each other.

Table 1. Jack-knifed parameter estimates from the full logit model, summarised as 
the mean, median and standard error (S.E.) values over all jack-knife iterations and 
the corresponding 95% confidence interval (C.I.).

Variable Mean Median S.E. C.I. 5% C.I. 95%
Intercept -7.889 -7.819 0.071 -8.028 -7.751
Rumination -6.024 -5.959 0.091 -6.202 -5.847
Activity -4.509 -4.499 0.040 -4.588 -4.429
Activity Change 0.104 0.104 0.001 0.101 0.107
Days to calving 0.212 0.209 0.004 0.205 0.219

Figure 3 shows the jack-knifed parameter estimates of the full model for the 
intercept, rumination and activity as box plots. The outliers indicate that some cows 
had a strong influence on the parameter estimates. In particular, the intercept and 
rumination have one strongly influential cow. 

Figure 3: Box plots of the jack-knifed parameter estimates for the intercept, 
rumination and activity.
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Table 2 describes the results of the validation from the jack-knife procedure. 
The average sensitivity and specificity of the model were 90.0% and 89.8%, 
respectively. The corresponding 95% confidence intervals were 70.4% to 109.6% 
for mean sensitivity and 86.3% to 93.3% for mean specificity. The broader 
confidence interval for mean sensitivity is a consequence of the extreme variation 
in true positive alerts. As there is only one moment at which calving starts, all 
cows have either one true positive alert or one false negative alert. 

On average, 0.3 true positive alerts and 7.3 false positive alerts per cow were 
observed in the week prior to the onset of calving. This means that for each cow 
on a farm to which the model is applied, approximately one false alert will be 
produced per day. The number of false positive alerts might be reduced by only 
applying the model to the cows in the calving pen. If the model were applied to 
a large herd, the number of cows in the calving pen would also be large. In that 
case, one alert per cow in the calving pen would not be practical. Improvement 
of the model specificity would be necessary in order to develop a model that is 
valuable in practice. Using the model to detect calvings in which dystocia occurs 
might be more practical as these alerts will enable stockpersons to only check 
cows with expected problems. It may therefore reduce the workload. However, 
no behavioural differences have been observed between dystocic and normal 
calvings (Miedema et al., 2011a). Another point to note is that of the 91 cows, 
only 32 could be coupled to sensor data. This means that for about two-thirds of 
the cows no sensor data were available for use as the basis for a predictive model. 
There were two reasons for this: firstly, sensor malfunction and, secondly, the 
fact that the stockperson fitted heifers with tags after calving. There is therefore 
a need to reduce sensor malfunction for practical application. One problem was 
the location of the reader in the calving pen to read the data from the tags. It 
had to be positioned in an area which the cows visited regularly and where there 
was still a good connection between tag and reader. The SN was 90% which 
would seem acceptable in practice, however this should apply to the whole herd 
rather than only one-third of the herd. Possible improvements could be to filter 
or smooth the data prior to analysis and to collect other relevant data such as the 
effect of the sire on length of gestation.
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Table 2. Results of the jack-knife validation procedure, with the number of 
classified alerts per cow and the model sensitivity and specificity, summarised as 
the mean, median and standard error (S.E.) values over all jack-knife iterations 
and the corresponding 95% confidence interval (C.I.).

Mean Median S.E. C.I. 5% C.I. 95%

True positive 0.3 0.0 0.095 0.160 0.533

False positive 7.3 5.5 1.312 4.735 9.880

True negative 63.2 68.5 3.445 56.479 69.982

False negative 0.0 0.0 0.038 -0.037 0.114

Sensitivity 90.0 100.0 10.000 70.4 109.6

Specificity 89.8 92.8 1.792 86.3 93.3

Conclusions

There is potential to use activity and rumination data from sensors to predict the 
onset of calving. The full logit model developed in this study had a sensitivity of 
90% (70.4%-109.6%) and a specificity of 89.8% (86.3%-93.3%). At a specificity 
of 89.8% a stockperson will, on average, receive one false alert per day for 
each cow to which the model is applied. This number of false alerts needs to 
be reduced for practical on-farm application. The sensitivity of 90% would be 
acceptable for application in practice if the current results could be confirmed in 
a larger study involving a larger number of cows and farms.
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Abstract

The objective of this study was to monitor behavioral changes in prepartum dairy 
cattle and predict impending calvings through automated activity and rumination 
observation. Data collection for 29 primiparous and 46 multiparous Holstein 
dairy cattle occurred from September 2011 through May 2013 at the University of 
Kentucky Coldstream Dairy. The HR Tag (SCR Engineers, Ltd., Israel) was used to 
automatically collect neck activity and rumination data. The IceQube (IceRobotics, 
Ltd., Scotland) collected step number, hours lying, hours standing, lying bouts, and 
total motion data. Data collection occurred for 7 weeks prepartum and retrospective 
data analysis was performed using SAS (Cary, NC). Least-squares means were 
calculated from daily and bihourly data using the MIXED procedure. Lying behaviors 
and rumination most differed by day relative to calving. All behavioral data was 
assessed to predict calving events using machine-learning methods constructed 
and implemented using R version 3.1.0 (R Foundation for Statistical Computing, 
Vienna, Austria). Random forest, linear discriminant analysis, and neural network 
machine-learning techniques were used to predict calving events. Machine-learning 
techniques were applied to 21 d of prepartum behavioral data before calving events 
(n = 46). The most favorable results were achieved when the IceQube was analyzed 
in a neural network analysis (sensitivity, 100.0%; specificity, 93.5%). Changes in 
least-squares means and alerts relative to calving indicate these measures may be 
useful in predicting impending calvings without need for additional technologies or 
parameters. 

Key Words: calving prediction, technology, activity, rumination, lying behavior

Introduction

Calving time is a crucial and stressful point in lactation for a dairy cow. Traditionally, 
producers have used visual indicators to estimate calving time, and provide 
assistance. Visually observing calving indicators requires experienced laborers and 
nearly constant visual observation to estimate calving time. Automated monitoring 
would provide more timely and reliable means to predict calving. Methods 
quantifying maternal body temperature, tail raising incidence, and calf expulsion 
have previously been described in calving prediction, but many of these technologies 
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typically perform no function outside calving detection. In contrast, accelerometers 
used in other areas of production could provide a useful and objective behavioral 
measure to predict calving. Traditionally, these units have been used to characterize 
activity changes shown to increase around estrus for use in estrus detection (Farris, 
1954, Kiddy, 1977). Adding calving prediction to existing behavioral monitors 
would provide additional uses without additional measurements. This could increase 
producer technology usefulness and perception, potentially influencing technology 
adoption decisions (Borchers and Bewley, 2014). The objective of this study was to 
quantify lying behavior, activity, and rumination before calving and establish methods 
for detecting and predicting calving events using these parameters individually or in 
combination.

Materials and methods

Data collection for 20 primiparous and 37 multiparous prepartum Holstein dairy 
cattle occurred from September 13, 2011 through May 16, 2013 at the University 
of Kentucky Coldstream Dairy (IACUC Protocol Number: 2010-0776). Prepartum 
cattle were housed in a 9.15 x 21.34 m straw bedded-pack with constant access to 
3.64 hectares of pasture. A total mixed ration was delivered once daily. Behavior was 
quantified using two commercially available technologies. Technologies were fitted 
to each cow before the previous lactation and data were collected through cow dry 
periods. The HR Tag (SCR Engineers, Ltd., Israel) was used to automatically collect 
neck activity and rumination data in 2 h time increments using a 3-axis accelerometer 
and a microphone with microprocessor, respectively. The IceQube (IceRobotics, 
Ltd., Scotland) collected number of steps, time lying, time standing, lying bouts, 
and total motion data in 15 min time blocks using a 3-axis accelerometer. Data from 
both technologies were summed by day and 2 h time blocks for analyses. One month 
of prepartum behavioral data was used in analysis to allow all cows to have been 
housed in dry cow facilities for the duration of the study. 
At calving time, farm staff recorded cow identification number, calving date, calving 
time, and parity. Because all bihourly blocks began on evenly numbered hours, 
calving times were adjusted to the previous complete bihourly time block before 
calving events. Calf expulsion time was used to retrospectively generate the cow-
specific number of hours before calving, similar to the methods of Schirmann et al. 
(2013) where cows were compared by the number of hours before their individual 
calving events. 

Statistical analysis
Least-squares means of neck activity, rumination, and lying behavior parameters by 
both 2 h time block and day (for 21 d) were calculated using the MIXED procedure 
of SAS. Daily data for step number and total motion, and bihourly data for neck 
activity, total motion, and step were transformed using a natural logarithm. This was 
performed to meet normal distribution assumptions and was assessed through visual 
inspections of residual frequency distributions. Prepartum cows with incomplete data 
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sets, or providing influential outliers, were removed from the study. The remaining 
dairy cattle (15 primiparous and 31 multiparous; n = 46) were used in further analysis. 
Parity (primiparous or multiparous) and day before calving (served as fixed effects 
and cow served as a repeated subject for neck activity, rumination, and lying behavior 
parameter least-squares means by day. Days were described as the 24 h immediately 
before calving (Day0), 48 h before calving, (Day-1), 72 h before calving (Day-2), 96 
h before calving (Day-3), 120 h before calving (Day-4), 144 h before calving (Day-
5), 168 h before calving (Day-6), and 192 h before calving (Day-7). Significance 
was established at P < 0.05. Fixed effects of the bihourly least-squares means 
included parity (primiparous or multiparous), time block (12:00 AM to 11:59 PM by 
2 h blocks), and hour before calving. Cow served as a repeated subject. All 2-way 
interactions were tested and non-significant (P ≥ 0.05) interactions were removed 
using backwards stepwise elimination. All main effects were included in final models 
regardless of significance. Residuals plots were used to verify favorable variance 
distributions and to detect possible influential data outliers for each parameter. 

Algorithm development
Machine-learning techniques were applied to the data sets to predict calving. The three 
machine-learning techniques used for calving prediction were random forest, linear 
discriminant analysis, and neural network analysis. Machine-learning techniques 
were applied to 21 d of prepartum behavioral data, excluding the hour of calving 
(hour 0; n = 46 calvings). Algorithms attempted to predict the day of calving from all 
days (0, calved; or 1, did not calve). Parity and all available behavioral parameters 
monitored by the IceQube and HR Tag were used to predict calving events. Eighty 
percent of data were used as “training” set to train the algorithm, while the remaining 
20% data were used to evaluate the performance of the algorithms. A 4-fold, leave-
one-out cross-validation method, including 10 analyses per series, was performed 
for machine-learning methods to tune the algorithm during training phases. Trained 
algorithms predicted calving events using datasets exclusively for testing. True 
positives (correctly predicted calving day), false positives (incorrectly predicted 
calving day), true negatives (no alert and not calving day), and false negatives 
(no alert and calving day) were compiled and the sensitivity, specificity, positive 
predictive value, and negative predictive values used to evaluate machine-learning 
technique performance. All analyses were constructed and implemented using the 
<caret> package in R version 3.1.0 (R Foundation for Statistical Computing, Vienna, 
Austria).

Results and discussion

Daily and bihourly behavioral changes are presented in Table 1 and Figure 1, 
respectively. Time and parity two-way interactions were significant (P < 0.05) for 
neck activity, rumination, lying time, step number, and total motion mixed models 
for bihourly data. 
Preparturient cows ruminated less on the day of calving compared to the 7 d before. 
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In bihourly analysis from 10 h to 6 h before calving, rumination decreased from 20.8 
± 2.7 min/2 h time block, to 8.9 ± 2.7 min/2 h time block; a decrease of nearly 57% 
over 4 h. Lying bouts increased significantly on the day of calving compared to the 
day before calving. Lying bouts also increased between 12 h before calving and 2 
h before calving, from 1.3 ± 0.2 bouts/2 h to 2.4 ± 0.2 bouts/2 h. The 2 h block just 
before calving significantly increased in the number of bouts compared to the 4 h 
before calving (3.0 ± 0.2 bouts 0 h vs. 1.8 ± 0.2 bouts 4 h). 
In addition to an increase in the number of lying bouts, lying time decreased gradually 
over several days (Table 1). A significant decrease in lying time occurred the day 
before calving events (P < 0.05). As calving time approached, minutes lying became 
variable between bihourly time blocks (Figure 2e.). Bihourly rumination decreased 
gradually with several activity parameters becoming increasingly sporadic. Changes 
between 2 h blocks, and the total magnitude of change between in parameters, may 
negate offset variation. Lying time decreased sharply 6 h before calving events, 
coinciding with the lowest point in minutes ruminating. Schirmann et al. (2012) 
previously found an association between lying time and rumination with lying cows 
ruminating more. The findings of this study support this while adding this relationship 
to be of potential use in behavior-based calving detection. 

Table 1. Results of a study examining differences between daily least squares means 
before calving events for: a) neck activity, b) rumination (measured by the HR Tag; 
SCR Engineers, Ltd., Israel), c) natural logarithm of step number, d) total motion 
units, e) total hours lying, and f) lying bouts (measured by the IceQube sensor; 
IceRobotics, Ltd., Scotland) in prepartum dairy cattle (n = 46 calvings).1

Day before 
calving

HR Tag IceQube

Activity Rumination Step Number Total Motion Hours 
Lying

Lying 
Bouts

Day-7 403.1 ± 
22.1a

369.1 ± 
13.6a

2843.3 ± 
224.5a

11900.2 ± 
929.2a

11.1 ± 
0.4c

  9.5 ± 
0.6b

Day-6 382.9 ± 
22.2a

359.8 ± 
13.6a

2776.2 ± 
217.8a

11038.6 ± 
902.8a

11.1 ± 
0.4c

10.0 ± 
0.6b

Day-5 384.1 ± 
22.2a

347.2 ± 
13.6a

2746.2 ± 
215.7a

10805.5 ± 
894.5a

10.9 ± 
0.4bc

10.1 ± 
0.6b

Day-4 389.2 ± 
22.1a

349.2 ± 
13.7a

2667.4 ± 
207.8a

10633.7 ± 
853.4a

10.7 ± 
0.4bc

  9.5 ± 
0.6b

Day-3 394.8 ± 
22.1a

344.8 ± 
13.7a

2555.0 ± 
205.8a

  9977.9 ± 
840.6a

10.5 ± 
0.4bc

  9.5 ± 
0.6b

Day-2 397.5 ± 
22.0a

332.0 ± 
13.7a

2692.4 ± 
198.8a

10760.5 ± 
805.3a

10.0 ± 
0.4ab

  9.7 ± 
0.6b

Day-1 377.2 ± 
21.8a

324.1 ± 
13.7a

2733.5 ± 
198.8a

10509.8 ± 
805.3a

  9.1 ± 
0.4ab

10.1 ± 
0.6b

Day0 358.9 ± 
21.4a

211.9 ± 
13.6b

3274.3 ± 
198.8a

12449.5 ± 
809.4a

  8.7 ± 
0.4a

17.9 ± 
0.6a

1Rows displaying differing letters are significantly different (P < 0.05).
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Figure 1. Results of a study examining least-squares means of a) natural logarithm 
of activity (measured by the HR Tag; SCR Engineers, Ltd., Israel), b) rumination 
(measured by the HR Tag), c) natural logarithm of step number (measured by the 
IceQube sensor; IceRobotics, Ltd., Scotland), d) natural logarithm of total motion 
units (measured by the IceQube), e) total hours spent lying (measured by the IceQube 
sensor), and f) lying bouts (measured by the IceQube sensor) by hour before calving 
events in prepartum dairy cattle (n = 46 calvings).1

a)

b)

c) 
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d) 

e)

f)

1Columns displaying different letters are significantly different (P < 0.05).

Daily and bihourly data indicated many activity parameters (neck activity, step 
number, and total motion) differed in the hours before parturition, but were 
not significant. While these events may show large variation between hour 
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blocks, changes between hourly data points were consistently non-significant. 
Summarizing data by day may have offset variation between 2 h blocks, making 
behavioral changes undetectable. Changes in daily time blocks were significant 
for several parameters (rumination, lying bouts, lying time). Daily time blocks 
differed significantly on the day of calving for lying bouts and rumination, but 
lying time decreased gradually during the days before calving. These finding 
implicate smaller time blocks as more useful for detecting variations in behavior 
before calving. 

Machine-learning analyses
Calving prediction was performed by technology and data analysis technique 
on 20% of calving observations (n = 9). Alerts were created based upon events 
where machine-learning techniques correctly predicted the 24 hours 2 hours 
before calving (hour 2 through hour 24). Results are shown in Table 2. Machine-
learning techniques performed most consistently when parameters from the 
HR Tag and IceQube were combined, but the best results were obtained when 
IceQube was analyzed individually in the linear discriminant analysis. In all 
analyses, positive predictive values were far below specificity values, indicating 
a high number of false positives. These findings can be attributed to a few false 
positives potentially offsetting the small number of possible true positives.
Parameter combinations in calving prediction have previously been applied 
to data generated from existing behavioral monitors. Maltz and Antler (2007) 
described calving prediction methods using changes in daily step number, lying 
behavior, and number of times passing into a feeding area for 12 cows over 
7 d. Their method achieved a sensitivity of 83.3% and a specificity of 95.2%. 
In the described machine learning techniques, the HR Tag, the IceQube, and a 
combination of the two technologies exceeded the findings of Maltz and Antler 
(2007). 
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Table 2. Results of machine-learning techniques applied to HR Tag (SCR Engineers, 
Ltd., Israel; neck activity and rumination) and IceQube sensor (IceRobotics, Ltd., 
Scotland; lying bouts, lying time, standing time, step number, and total motion) daily 
behavioral data to predict calving events from 21 d of daily prepartum behavioral 
data (n = 46).1

Analysis Technology Sensitivity Specificity
Positive 

predictive 
value

Negative 
predictive 

value
Random 
forest HR Tag 33.3% 95.9% 30.0% 96.4%

IceQube 66.7% 97.0% 54.5% 98.2%
Combination2 88.9% 97.0% 61.5% 99.4%

Linear 
discriminant 
analysis

HR Tag 88.9% 89.3% 30.8% 99.3%

IceQube 77.8% 97.6% 63.6% 98.8%
Combination2 88.9% 97.6% 66.7% 99.4%

Neural 
network HR Tag 66.7% 85.2% 19.4% 98.0%

IceQube   100.0% 93.5% 45.0% 100.0%
Combination2 88.9% 95.9% 53.3% 99.4%

1Sensitivity = TP / (TP + FN) x 100, specificity = TN / (TN + FP) x 100, positive 
predictive value = TP / (TP + FP) x 100, negative predictive value = TN / (TN + FN) 
x 100; where TP = true positive, TN = true negative, FP = false positive, and FN = 
false negative
2Parameters from both the HR Tag and the IceQube were used in combination 
analyses.

Few technologies monitor rumination, lying behavior, and activity in combination, 
but a two-technology calving prediction approach could provide more consistent 
results. The IceQube sensor’s data also proved effective in predicting calving in the 
neural network analysis, achieving a sensitivity of 100.0%, a specificity of 93.5%, a 
positive predictive value of 45.0%, and a negative predictive value of 100.0%. This 
indicates ankle-mounted accelerometers characterizing activity and lying behavior 
to be viable alternatives in absence of rumination data. 
To the knowledge of the authors, no known technologies use machine-learning 
techniques in alert creation. This is because machine-learning techniques have 
difficulty performing in commercial settings as they must be “taught” using existing 
data. However, teaching these techniques could lead to more accurate and even 
farm-specific event prediction for not only calving prediction, but health and estrus 
detection. 
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The described prediction methods would provide calving alerts 2 hours before 
calving events. Modification of data summation time blocks could provide alerts in 
a greater time before calving, making alerts more useful to producers. Future work 
will need to establish machine-learning technique validity in a commercial setting 
for alert improvement. 

Conclusions

Behavior-based prepartum dairy cattle monitoring can provide additional uses for 
automated technologies already used to generate health and estrus alerts. Lying and 
rumination behavior differed most by day relative to calving and the application of 
these and activity parameters to machine-learning techniques provided promising 
calving prediction results from daily data. In absence of rumination behavior, activity 
and lying behavioral data could accurately predict calving events using machine-
learning techniques. To maximize calving prediction alert usefulness, future studies 
will need to focus on shortening data reporting timeframes to provide more timely 
calving alerts.
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Abstract 

Data were collected from 150 Holstein cows from November 2012 to March 2013 
on a dairy farm in Colorado, USA. Between 5 to 15 days (d) before calving, 
each female received an orally administered temperature sensing reticule-rumen 
(TSRR) bolus (Phase IV Engineering, Boulder, CO). The recorded TSRR data 
were sent to a computer equipped with the Temp Track® program (DVM Systems, 
Greeley, CO). Daily average TSRR were analysed, using PROC MIXED, from 
d -5 to d 0 before calving using the TSRR readings (A-TSRR) or only the 
readings of TSRR ≥37.7°C (W-TSRR). In order to identify the TSSR decrease, 
two methodologies for determining the baseline were created. Using these 
methodologies, prediction models were built for calving occurring within 24 
h or 12 h, totalling 4 prediction models, which were analysed by the Operation 
Characteristic Receptor (ROC analysis). The ROC analyses showed that the 
model built with the calculation methodology of baseline 2 and calving occurring 
within 24 h adjusted best for cows. The best sensitivity and specificity values 
were for the drop threshold of the TSRR ≥ -0.2ºC, regardless of the methodology 
of the baseline tested. In conclusion the TSRR and ROC analysis can be useful 
tools for calving prediction in Holstein cows.

Keywords: performance test, roc curve, specificity, sensitivity, technology

Introduction

Intensification of milk production is the result of producers seeking more 
technological advances, since production costs for dairy farms with a high level 
of technology adoption are 53% lower than those for dairy farms with a low level 
(El-Osta and Morehart, 2000; USDA, 2007). Between 2000 and 2005, increases in 
dairy cow inventory, adoption of automated systems, and selection of animals with 
greater productive potential were major changes in the US milk production industry, 
with animal productivity increasing by 8.2% (Khanal et al., 2010). However, sexual 
precocity of females and selection of bulls with a high calf birth weight increased 
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calving problems (Zaborski et al., 2009; Mee et al., 2011), affecting 22.6% of heifers 
and 13.8% of the US dairy herd (Mee, 2008), which resulted in lost milk production, 
reduced herd fertility, and increased risk of calf and/or dam death (McGuirk et al., 
2007).
Continuous monitoring of cows during calving can help to identify the appropriate 
moment for calving assistance, thereby decreasing calf deaths by 50% as well as 
reducing losses caused by dystocia (Bellows et al., 1987). Nonetheless, an increase in 
labour cost has made this kind of monitoring more cumbersome for cattle producers 
(USDA, 2007), making the adoption of automated monitoring technology a viable 
option.
Various monitoring technologies for calving have been used (Wright et al., 1988; 
Matsas et al., 1992; Streyl et al., 2011). However, difficulties in their use have 
made visualisation of cow behaviour the most frequent practice used to predict time 
of calving (Palombi et al., 2013). Previous studies have shown that cow body 
temperature falls by up to 1ºC before the start of the calving process (Lammolgia 
et al., 1997), and evaluation of different anatomic locations for temperature 
measurement – vagina, rectum, skin and reticulo-rumen – has confirmed that 
hypothesis, showing that body temperature could be used as a calving predictor 
(Aoki et al., 2005; Burfeind et al., 2011; Cooper-Prado et al., 2011). Some of 
these locations, such as the vagina and rectum, can show low functionality for 
the producer due to the need for constant manual checks of body temperature, 
as well as a greater probability of the occurrence of lesions in these regions. 
However, collection of reticulo-rumen temperature (TSRR) did not have these 
limitations because the sensor automatically collected TSRR readings, lodged in 
a location which does not cause damage to the animal, and made it possible to 
reduce daily labour requirements (Sievers et al., 2004). However, data collected 
by means of TSRR technology must be analysed in order to generate results 
which can be used by a dairy producer. Within this context, receiver operating 
characteristic (ROC) curves are used to generate these results, since they are 
statistical tools used for evaluation of models that predict events (Zweig and 
Campbell, 1993). Thus, the objectives of this study were to explore the use of 
changes in TSRR as a predictor of the timing of calving, determine a functional 
methodology to calculate and identify a change in TSRR, and explore different 
levels of TSRR change as a calving time predictor in Holstein cows.

Material and methods 

Animals and data collection

This experiment was previously submitted to and approved by the Colorado 
State University Animal Care and Use Committee. Between November 2012 and 
March 2013, data were collected from 150 Holstein cows from a commercial 
dairy farm in Platteville, Colorado, USA. Between -15 and -5 days (d) before 
calving, females were relocated to a maternity pen near the milking parlour, and 
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each female received an orally administered TSRR bolus (Phase IV Engineering, 
Boulder, CO). Each sensor was cylindrical in shape, weighed 150 g, contained a 
temperature sensor programmed to carry out a TSRR reading every hour (h), and 
stored up to 12 readings. The system was equipped with 2 antennae with a range 
of 90 m which were located within the maternity pen. The cows were within the 
range of the antennae between 2 and 3 times per day. Readings were sent to a 
computer equipped with Temp Track® software (DVM Systems, Greeley, CO) 
which stored the data collected by the TSRR monitoring system. 

Statistical analyses

The daily average TSRR from -5 d before calving to the day of calving (d 0) 
was computed using all TSRR readings (A-TSRR) or only readings from TSRR 
≥37.7°C (W-TSRR) to analyse the effect of day on TSRR. When the TSRR 
was ≤37.7°C, it was believed that the temperature decline was due to water 
consumption (Boehmer et al., 2009). These two data groups were analysed using 
the PROC MIXED procedure of SAS Version 9.3 (SAS Institute, Inc., Cary, NC), 
with d as a fixed effect. The A-TSRR and W-TSRR means were compared using 
Scheffe’s test (P < 0.05).
Only W-TSRR was used in all the statistical analyses described. This included 
12,351 readings from 150 cows. The data set was analysed with regard to the 
TSRR readings which occurred between 120 and 0 h before calving, with the 
objective of capturing changes in TSRR before calving, more specifically if a 
drop in TSRR occurred in animals which were about to calve. For each reading 
taken from a particular animal, two TSRR baselines (BL) were calculated: 1) 
baseline 1 (BL1) was the average TSRR for the previous 4 d at that same time of 
day, within a 1-h window (this calculation included up to 4 data points), and 2) 
baseline 2 (BL2) was the average TSRR for the previous 4 d at that same time of 
day, within a 5-h window (this calculation included up to 20 data points).
After generating baselines, the difference between current and baseline TSRR 
readings was calculated (for both BL1 and BL2). A negative value (i.e. drop) 
indicated that an observed TSRR was numerically less than the baseline. In order 
to capture a drop, or a series of drops, an average of three sequential TSRR 
values (current and previous two TSRR readings) were compared to both BL1 
and BL2 (i.e. TempChange). For both baselines, we created calving prediction 
models (CPM) for calving to occur within 12 or 24 h (BL1-24h, BL2-24h, BL1-
12h, BL2-12h) totalling 4 CPMs. Each CPM was a logistic regression model 
with an indicator of whether or not the animal would calve within the next 12 
or 24 h as the binary response, and the TempChange variable as the continuous 
predictor. Models were fitted using the glm function in the R statistical program 
(R Development Core Team, 2008) as described below:

Probability of calving =  e α+β (TempChange)          (1)
          1+ e α+β (TempChange)
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This logistic regression calculated the values of α and β. The objective was to 
estimate the β parameter, since this parameter would explain how TempChange was 
related to probability of calving. Specifically, we wanted to test the hypothesis β < 0, 
since this would indicate that a negative value of TempChange would produce a 
larger probability of calving. For all models fitted, β values were significantly less 
than 0 (P < 0.05). The ROC curves were used to test the ability of TempChange to 
predict calving. For the performance tests, sensitivity (Se) was the probability of a 
positive test given that a female would calve in the next 24 or 12 h, specificity (Sp) 
was the probability of a negative test given that the cow would not calve within the 
next 24 or 12 h, and accuracy (Ac) was the number of correctly classified events 
divided by the total number of events (Martinez et al., 2003; Kumar and Indrayan, 
2011). The ROC curve was analysed by calculating the Se and Sp for 3 different 
levels of TempChange: ≥ -0.2°C, ≥ -0.3°C, and ≥ -0.4°C. 
Each ROC curve, AUC, and all performance tests were processed by the R (R 
Development Core Team, 2008) statistics program using the verification function. 
PROC FREQ (SAS Inst., Inc.) with TABLE and BINOMIAL options was used to 
calculate intervals of the performance confidence test. The MANN-WHITNEY U 
test with a significance level of 0.01 was used to evaluate the CPM. For models with 
significant results, the AUC value was used as the criterion for determining whether 
a CPM was better at predicting calving than random guessing.

Results and discussion

Daily mean A-TSRR and W-TSRR for cows are shown in Table 1. Mean W-TSRR did 
not differ (P > 0.05) from d -5 to -2 before calving, while d -1 was lower (P < 0.05) 
than d -2, and d 0 (calving) was lower (P < 0.05) than the previous day. In the current 
study, it was observed that W-TSRR showed a drop in temperature 48 h before calving, 
corresponding with data observed in previous studies which investigated TSRR (Cooper-
Prado et al., 2011) and other anatomical areas (Aoki, 2005; Burfeind et al., 2011). The 
removal of TSRR below 37.7ºC reduced the mean standard error by nearly one-half, 
which enabled the statistical analysis to verify differences in W-TSRR between d -2, 
-1 and 0. This greater variation in data for A-TSRR can result from water intake which, 
depending on its temperature and volume, favoured the elevated standard error. Previous 
studies have noted that TSRR undergoes a daily variation associated with water intake 
(Dye, 2005; Cooper-Prado et al, 2011), which can cause a drop of up to 8.5°C in TSRR 
depending on temperature and volume of water consumed (Bewley, 2008).
It was observed that A-TSRR dropped at least 0.25ºC from d -1 to 0 (Table 1). However, 
upon analysing the W-TSRR data, we observed that the difference between d -1 and 0 was 
0.36ºC (Table 1). Furthermore, over a 48-h period a difference of 0.44ºC was observed 
from d -2 to 0, which was greater than that reported by Cooper-Prado et al. (2011) for 
Angus cows. Dairy cows present an even higher body temperature than beef cows as 
a result of metabolic heat produced by greater nutritional intake and milk production 
(Kadzere et al., 2002; Robertshaw, 2004). This may partially explain the difference in 
TSRR drop between breeds.
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Table 1: Mean daily reticulo-rumen temperature (TSRR; LS mean ± SE) for 5 d prior 
to calving (d 0) in Holstein cows using all TSRR values and only TSRR ≥ 37.7ºC

Day before
calving

All TSRR TSRR ≥ 37.7ºC1

Cows SE Cows SE

-5 39.45ª 0.026 39.76ª 0.014
-4 39.42ª 0.025 39.75a 0.014
-3 39.48ª 0.026 39.78a 0.014
-2 39.46ª 0.025 39.80ª 0.014
-1 39.28ª 0.025 39.72ª 0.013
0 39.03b 0.023 39.36b 0.013

a,bMeans within a row without common superscripts differ (P < 0.05). 1TSRR 
temperatures below 37.7°C were removed since they were considered to be affected 
by water intake (Boehmer et al., 2009).

The pre-calving drop in body temperature is a result of regulation of the obligatory 
thermogenesis (rate of basal metabolism) and facultative thermogenesis (production 
above the metabolism rate). These are activated by thyroid hormones and 
catecholamines (Silva, 2006), as well as sexual hormones which directly regulate 
facultative thermogenesis, furthering its inhibition or stimulation (Stachenfeld et al., 
2000; Hampl et al., 2006). During gestation the progesterone (P4) concentration is 
greater due to its production by the corpus luteum, with blood plasma values of 
2.5 to 14.0 ng/ml from the beginning to the final third of gestation and a gradual 
drop in the concentration to 1.0 and 1.5 ng/ml of blood plasma 1 day before 
calving (Wettemann and Hafs, 1973; Lammoglia et al., 1997; Shah et al., 2007). 
Nevertheless, the oestrogen (E2) concentration is between 3 and 30 pg/ml in blood 
plasma until midway through gestation, with a subsequent increase to between 250 
and 295 pg/ml 282 d into gestation (Smith et al., 1973; Patel et al., 1999). The 
increased P4 concentration during gestation acts on thermosensitive cells in the pre-
optic area of the hypothalamus, inhibiting neurons that are sensitive to heat and 
activating neurons that are sensitive to cold, which inhibits heat loss mechanisms and 
activates heat production mechanisms during gestation (Nakayama et al., 1975; Lin 
Tsai et al., 1988). However, the progressive increase in E2 concentration in the final 
third of gestation stimulates heat-sensitive cells in the regulation of P4 thermogenic 
modulation, favouring inhibition of cold-sensitive cells (Lin Tsai et al., 1992; 
Stachenfeld et al., 2000), which can cause a body temperature drop and, consequently, 
a drop in pre-calving TSRR. The results of performance tests are presented in Table 
2. The ROC analyses showed that the CPMs evaluated distinguished (P < 0.01) 
between females which will or will not calve within 24 or 12 h (Table 2).
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Table 2: Performance test (percent; 95% CI in parentheses) using reticulo-rumen 
temperature (TSRR) as a predictor of calving within 12 or 24 h in cows at three 
TSRR drop thresholds compared to two baselines

TSRR drop 
threshold

Performance 
Test1 Baseline 16 Baseline 27

24 h 12 h 24 h 12 h
≤ - 0.2°C Se.1 66 (64 – 68) 69 (67 – 71) 68 (67 – 70) 71 (69 – 73)

Sp.2 68 (66 – 68) 64 (63 – 65) 68 (67 – 69) 64 (63 – 65)
Ac.3 67 65 68 65

≤ - 0.3°C Se. 60 (57 – 61) 63 (60 – 65) 60 (58 – 62) 63 (60 – 65)
Sp. 75 (74 – 75) 71 (70 – 72) 75 (74 – 76) 73 (72 – 74)
Ac. 71 70 72 70

≤ - 0.4°C Se. 51 (49 – 53) 54 (51 – 56) 51 (49 – 53) 52 (49 – 55)
Sp. 80 (79 – 81) 77 (76 – 78) 80 (80 – 81) 77 (76 – 77)
Ac. 74 74 74 74

AUC4 0.718 0.707 0.737 0.721
Test MWU5 < 0.001 < 0.001 < 0.001 < 0.001

1Se = sensitivity, the probability of a positive test given that the heifer will calve in 
the next 24 or 12 h. 2Sp = specificity, the probability of a negative test, given that the 
heifer will not calve within the next 24 or 12 h. 3Ac = number of correctly classified 
events divided by total number of events.  4AUC = area under the curve. 5MWU Test 
= Mann–Whitney Test U (P ≤ 0.05). 6Baseline 1 = average of readings for 4 previous 
days using a 1-hr window from the current reading. 7Baseline 2 = average of readings 
for 4 previous days using a 5-hr window from the current reading.

Certain criteria were taken into account to determine the best temperature threshold for 
each model. If -0.4ºC was used as the best threshold for the beginning of the calving, a 
false prediction (high Sp) would rarely be made, but many of the cows that actually do 
calve would be missed when a smaller temperature change (low Se) is used. Likewise, if 
-0.2ºC was considered, a greater number of false predictions would follow (low Sp), but 
the model would still identify cows that will calve in that period (high Se). For certain 
areas of the ROC analyses, greater Se values are more important than greater Sp values 
(Kumar and Indrayan, 2011). Thus, use of the -0.2ºC threshold increases the number of 
animals monitored during calving, and there is no possibility of a female calving without 
the necessary supervision. The threshold value in the current study does not corroborate 
the results obtained by Aoki et al. (2005) and Burfeind et al. (2011), which verified 
better Se and Sp results for a -0.3ºC threshold. This difference could be related to the 
different anatomical areas evaluated (Hahn et al., 1990; Firk et al., 2002), while the 
heat produced by reticulo-rumen microorganisms provides a TSRR that is around 0.5ºC 
higher than body temperature (Bewley et al., 2008), which could explain the differences 
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between anatomical areas. Values of AUC from 0.71 to 0.74 were obtained for the CPM 
tested. Prediction models with AUC values above 0.51 were statistically significant; 
nonetheless, they may not be clinically predictable (Zweig and Campbell, 1993; Cook, 
2007). The CPM models tested showed AUC values with intervals that were considered 
usable by Zhu et al. (2010), which classified AUC values as poor (0.6 to 0.7), usable 
(0.71 to 0.8), good (0.81 to 0.9), and excellent (0.91 to 1.0) for predicting events.

Results from the current study showed that the CPM tested with calving occurring within 
24 h showed greater AUC values, regardless of the group or the baseline calculation 
methodology evaluated (Table 2). Greater AUC values indicate greater levels of true 
positives and smaller levels of false positives in the prediction model, increasing the 
prediction accuracy of the event (Kumar and Indrayan, 2011). The two baseline options 
included different AUC values; however, they did not affect CPM quality, indicating 
that the two options could be used to create a CPM. When using the methodology 
proposed to create baselines and drops (TempChange), we were attempting to capture 
the TSRR drop that occurred at the beginning of calving, and to avoid TSRR changes 
due to water intake (Boehmer et al., 2009). The model BL2-24 h was more suitable for 
cows. Despite the fact that different anatomical areas were studied, the AUC values 
were close to the observations made by Burfeind et al. (2011), who evaluated vaginal 
and rectal temperature in Holstein cows.

Conclusions

Results indicate that removing TSRR values below 37.7ºC and applying two baseline 
methodologies made it possible to visualise TSRR differences in the days preceding 
calving, and increased the accuracy of the prediction models tested. The TSRR and 
ROC analysis may be a useful tool in calving prediction for cows. A threshold drop 
of -0.2° C TSRR was considered more appropriate to predict onset of calving. 
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Abstract

The objective of this study, conducted from October 8, 2011 to May 15, 2013 at 
the University of Kentucky Coldstream Dairy, was to compare weekly mean lying 
time (LT), neck activity (NA), reticulorumen temperature (RT), and rumination 
time (RU) among three breed groups. Cows (n = 36; 12 Holstein, 12 crossbred, and 
12 Jersey) were matched by parity group (PG, 1 or ≥ 2 lactations), DIM, and milk 
yield (MY). Lying time, NA, RT, RU, MY, and maximum temperature-humidity 
index (THI) were recorded and averaged for each cow each day. Seventy days of 
LT, NA, RT, and RU data were required for inclusion in the study. Technology 
data were then averaged by week to give 10 consecutive weeks per cow. Mean (± 
SD) DIM, LT, MY, RT, RU, NA and maximum THI were 158.97 ± 112.57 days, 
11.06 ± 2.29 h/d, 28.66 ± 8.50 kg/d, 38.75 ± 0.57°C, 6.4 ± 1.2 h/d, 323.80 ± 71.89 
and 56.47 ± 11.73, respectively. The MIXED Procedure of SAS® (SAS Institute, 
Inc., Cary, NC) was used to evaluate fixed effects of breed, milk yield, parity, THI, 
and their interactions on LT, NA, RT, and RU with cow nested within breed as 
subject. All main effects remained in each model regardless of significance level. 
Stepwise backward elimination was used to remove non-significant interactions 
(P ≥ 0.05). The interaction of breed x PG and the interaction of maximum THI 
x PG were significant predictors of RT (P < 0.01 and P = 0.02, respectively). 
Increasing THI coincided with increasing RT. Reticulorumen temperature 
was greater for Holstein cows than Jersey and crossbred cows when adjusted 
for MY, implying that Jersey and crossbred cows may be more heat-tolerant 
than Holstein cows. Milk yield and RU were positively correlated (P < 0.01). 
Maximum THI and LT were inversely related: as THI increased, LT decreased. 
The CORR Procedure of SAS® was used to evaluate relationships among RT, 
RU, LT, NA, and MY. Rumination time was strongly correlated with MY (r = 
0.83, P < 0.01) while LT and NA were moderately correlated with MY (r = - 0.17, 
P = 0.02 and r = 0.26, P < 0.01, respectively). Reticulorumen temperature was 
not significantly correlated with MY (r = 0.01, P = 0.85). The physiological and 
behavioural differences among Holstein, Jersey, and crossbred cows observed 
in this study provide new insight into breed differences that can be useful for 
interpreting technology data.

Keywords: breed, lying time, neck activity, reticulorumen temperature, rumination 
time, milk yield
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Introduction

Cows of different breeds differ in milk yield, milk composition, live weight, body 
composition (Oldenbroek, 1984) and DMI (Palladino et al., 2010). Additionally, 
Auldist et al. (2004) observed that Jersey cows yielded 10% more cheese per kg of 
milk than Friesians using milk at a standardised fat:protein ratio. Because cows of 
different breeds differ in production and behaviour, using the same algorithms to 
evaluate these variables may result in undesirable results across breeds.

Precision dairy farming (PDF), or the use of technologies to monitor behavioural, 
physiological, or production indicators for individual animal disease, oestrus or 
welfare is becoming more widely adopted (de Koning, 2010, Svennersten-Sjaunja 
and Pettersson, 2008), partly to reduce physical labour and labour costs (Rutten et 
al., 2013). Lying time, rumination time, activity, temperature, and milk yield are a 
few examples of indicators that can be monitored with PDF technologies currently. 

Many PDF evaluation studies use Holstein cows because they are the predominant 
dairy breed. However, cows of different breeds may vary in physiological, 
behavioural and production responses to various stimuli, which may cause PDF 
technologies to work differently on cows of different breeds. To the authors’ 
knowledge, this is the first study to evaluate differences with PDF technology data 
among different dairy cattle breeds within the same herd. The objective of this 
study was to compare lying time, neck activity, reticulorumen temperature and 
rumination behaviour among breed groups, milk yield and temperature humidity 
index. 

Materials and methods

This study was conducted at the University of Kentucky Coldstream Dairy from 
October 8, 2011 to May 15, 2013 under IACUC protocol #2010-0776. Thirty-
six lactating cows (12 Holstein, 12 Jersey, 12 crossbred) were matched by parity 
group (PG; primiparous or multiparous), DIM and MY. General cow demographic 
information was obtained from PCDart (Dairy Records Management Systems, 
Raleigh, NC) records. Crossbred cows consisted of Holstein x Jersey crosses (n 
= 4), Holstein x Jersey x Swedish Red crosses (n = 7), and a Holstein x Jersey x 
Brown Swiss cross (n = 1).

The lactating herd was divided into 2 groups balanced by parity, cow volume 
(length x width x height), and DIM for a separate research study. Both groups 
were housed in freestalls, either sawdust-covered Dual Chamber Cow Waterbeds 
(Advanced Comfort Technology, Inc., Reedburg, WI) or sawdust-covered rubber-
filled PastureMat® (Promat, Ontario, Canada) mattresses. Cows shared a feed 
bunk, accessible from both pens. The lactating herd was fed a TMR of corn silage, 
alfalfa hay, alfalfa silage, whole cottonseed and grain mix daily at 5:30 and 13:30. 
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Cows were allowed pasture access for about 1 h/d at 10:00, weather permitting. 
Each group was milked 2X, at 04:30 and 15:30, in one of two double-two bypass 
parlours located in the same building.

The Milpro P4C™ (Milkline, Gariga di Podenzano, Italy) provided daily milk weights 
per cow (MY). The DVM Systems, LLC (Boulder, CO) bolus system monitored 
reticulorumen temperature (RT) using a passive RFID transponder (Phase IV 
Engineering, Inc., Boulder, CO) equipped with a temperature sensor queried twice daily 
by a panel reader placed in parlour entrances. HR Tag™ (SCR Engineers Ltd., Netanya, 
Israel) measured neck activity (NA) with a 3-axis accelerometer and rumination 
time (RU) with a microphone and microprocessor, summarised into 2-h time blocks. 
IceQubes (IceRobotics Ltd., Edinburgh, Scotland) measured lying time (LT) with a 
3-axis accelerometer, summarised into 15 minute time blocks. ProWeatherStation™ 
(Tycon Power Systems, Bluffdale, UT) weather stations in the freestall barn recorded 
daily temperature and humidity. Temperature humidity index (THI) was computed 
using the following formula (NOAA, 1976): THI = Temperature (°F) - (0.55 - (0.55 * 
Relative Humidity / 100)) * (Temperature (°F ) - 58.8). 

Redden et al. (1993) explained that vaginal temperature increased by 0.6 ± 0.3°C at 
oestrus and remained elevated for 6.8 ± 4.6 h. Restlessness and increased activity 
are signs of oestrus (Løvendahl and Chagunda, 2010, Van Eerdenburg et al., 1996). 
Because of variation from typical cow behaviour during oestrus, RU, RT, NA, LT 
and MY were removed the day before, of, and after an oestrus or breeding event. 
Oestrus determination was based on observations from the herd manager or farm staff. 
Rumination time, RT, NA and MY were only included for DIM between 15 and 400. 
Milk yield data were edited by removing all MY equal to 0, resulting from milking 
system misidentification. Milk yield data were also removed if the MY from that day 
divided by the cow’s 7 d backward moving rolling mean baseline was > 0.5 because this 
was probably the result of system misidentification. Bewley et al. (2008a) discovered a 
drastic 9.2 ± 0.2°C RT decrease when cows were drenched with a cold water treatment 
that did not return to the baseline temperature until after a 3-h observational period. 
Therefore, raw RT data were edited to remove RT potentially influenced by water 
intake by removing RT with Z-scores < -3 from the cow’s 7 d backward rolling mean 
baseline. Raw RU and NA data were removed when equal to 0, when the reader did 
not recognise the cows. Rumination time and NA data were further edited to remove 
values < the first percentile or > the 99th percentile of the entire data set, determined 
by the UNIVARIATE procedure of SAS® version 9.3 (SAS Institute, Cary, NC). Daily 
LT of 0 and 24, presumably because of a tag error, were removed from the analysis. 
Lying time data were further edited to remove values < the first percentile or > the 99th 
percentile of the entire data set, determined by the UNIVARIATE procedure of SAS® 
version 9.3. Lastly, LT greater than 3 or less than -3 standard deviations of their group 
average for LT were removed. Cows were required to have 70 consecutive days of 
recorded RU, RT, NA and LT to be included in the study. Rumination time, RT, NA and 
LT were averaged by day then by week to obtain 10 consecutive weeks of data per cow. 
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The MIXED Procedure of SAS® (SAS Institute, Inc., Cary, NC) was used to evaluate 
fixed effects of breed, MY, PG, THI and their interactions on RT, RU, LT and NA. 
The subject was cow nested within breed. All main effects were kept in each model 
regardless of significance level. Stepwise backward elimination was used to remove 
non-significant interactions (P ≥ 0.05). Rumination time, RT, NA, LT and MY were 
then averaged by cow over the study period and the CORR Procedure was used to 
evaluate relationships among RT, RU, LT, NA and MY.

Results and discussion

The results of the RT mixed model are displayed in Table 1. The interaction of breed 
x PG and the interaction of maximum THI x PG were predictors of RT (P < 0.01 
and P = 0.02, respectively). Least squares means results from the RT mixed model 
are displayed in Table 2. Least squares means RT for primiparous Holstein cows 
(39.43°C) was greater than RT for Jersey and crossbred cows of all parity groups 
(38.37°C, P < 0.01 for multiparous Holstein cows; 38.19°C, P < 0.01 for primiparous 
Jersey cows; 38.77°C, P = 0.02 for multiparous Jersey cows; 38.87°C, P = 0.04 for 
primiparous crossbred cows; and 38.87°C, P < 0.01 for multiparous crossbred cows). 
Least squares means RT for primiparous Jersey cows was less than RT for multiparous 
Jersey cows (P = 0.03) and primiparous crossbred cows (38.87, P = 0.01). Least 
squares means RT for primiparous crossbred cows was significantly greater than for 
multiparous Holstein cows (P = 0.02). Generally, cow body temperatures range from 
38.6 to 39.2°C with daily variation of 0.8 to 1.8°C (Piccione and Refinetti, 2003). 
However, physiological responses to ambient conditions are breed-specific because 
of body size, skin colour, sweating rate, respiration rate and heat production (Finch, 
1986; Kadzere et al., 2002). 

Table 1. Type III tests of fixed effects for the reticulorumen temperature mixed model 
using a passive RFID transponder equipped with a temperature sensor queried twice 
daily by a panel reader placed in parlour entrances.

Source Numerator df Denominator df F value P-value
Breed1 2 24 3.06  0.07
Parity group2 1 24 8.07 < 0.01
Maximum THI3 1 186 1.25 0.26
Milk yield (kg) 1 186 1.11  0.29
Breed x parity group 2 24 11.63 < 0.01
Maximum THI x 
parity group 1 186 5.49  0.02

1Breed: Holstein, Jersey, or crossbred
2Parity group: primiparous or multiparous
3Maximum THI: maximum daily temperature humidity index monitored by weather 
systems located in the freestalls
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Table 2. Least squares means (± SE) reticulorumen temperature (°C) within parity 
group and breed, using a passive RFID transponder equipped with a temperature 
sensor queried twice daily by a panel reader placed in parlour entrances.

Parity Group

Breed Primiparous Multiparous

Holstein 39.43 ± 0.19a 38.37 ± 0.12bd

Jersey 38.19 ± 0.18bd 38.77 ± 0.17be

Crossbred 38.87 ± 0.16bc 38.65 ± 0.13b

a–eLeast squares means with different superscripts differ (P < 0.05).

The results of the RU mixed model are displayed in Table 3. Milk yield and RU were 
positively correlated (P < 0.01). A United Kingdom study explained that greater feed 
intakes of high yielding cows (P < 0.01) resulted in longer RU (P < 0.01) than for 
low yielding cows (Fregonesi and Leaver, 2002). Dairy personnel usually observe a 
positive relationship between daily feed intake and RU because greater intakes may 
require more ruminal processing time (Schirmann et al., 2012). Krause et al. (2002) 
explained that a positive relationship between long particle DMI and rumination time 
existed. However, Canadian researchers discovered a negative relationship between 
RU and DMI in dry cows (r = - 0.18; P < 0.01), possibly because cows cannot eat 
and ruminate at the same time. 

Table 3. Type III tests of fixed effects for the rumination time mixed model using a 
neck-based automated rumination monitor.

Source Numerator df Denominator df F value P-value

Breed1 2 24 0.17  0.84

Parity group2 1 24 0.22  0.68

Maximum THI3 1 187 2.92  0.09

Milk yield (kg) 1 187 7.02 < 0.01

1Breed: Holstein, Jersey, or crossbred
2Parity group: primiparous or multiparous
3Maximum THI: maximum daily temperature humidity index monitored by weather 
systems located in the freestalls
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The results of the LT mixed model are displayed in Table 4. The interaction of 
breed by PG and the interaction of breed x MY were significant predictors of 
LT (P = 0.04 and P = 0.02, respectively). Cows with greater MY have higher 
nutrient requirements and may spend more time consuming feed rather than 
lying down (Fregonesi and Leaver, 2002). Finnish researchers explained that, 
although cows with greater MY spent less time lying and more time ruminating 
while standing, MY did not affect total RU (P = 0.67) (Norring et al., 2012). 
Least squares means LT (Table 5) for multiparous Holstein cows (12.61 h/d) was 
significantly greater than lying time for primiparous Holstein cows (9.88 h/d, P = 
0.01) and multiparous crossbred cows (10.03 h/d, P < 0.01). Previous researchers 
have explained that daily lying time increased with increasing parity (Norring 
et al., 2008) and that multiparous cows ruminated for a longer time while lying 
compared with primiparous cows (P = 0.02) (Norring et al., 2012) . 

Table 4. Type III tests of fixed effects for lying time mixed model using a leg-
based accelerometer.

Source Numerator df Denominator df F value P-value

Breed1 2 24 3.74 0.04

Parity group2 1 24 1.23 0.27

Maximum THI3 1 157 2.46 0.12

Milk yield (kg) 1 157 0.04 0.84

Breed x parity group 2 24 3.68 0.04

Breed x milk yield 2 157 4.05 0.02

1Breed: Holstein, Jersey, or crossbred
2Parity group: primiparous or multiparous
3Maximum THI: maximum daily temperature humidity index monitored by weather 
systems located in the freestalls
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Table 5. Least squares means (± SE) lying time (h/d) within parity group and breed 
using a leg-based accelerometer.

Parity Group

Breed Primiparous Multiparous

Holstein 9.88 ± 0.85ab 12.61 ± 0.56a

Jersey 10.97 ± 0.88a 10.88 ± 0.75a

Crossbred 10.88 ± 0.69a 10.03 ± 0.56ab

a–bLeast squares means within rows with different superscripts differ (P < 0.05).

The results of the NA mixed model are displayed in Table 6. Least squares means NA 
(Table 7) was greatest for primiparous Holstein cows (373.41), which differed from 
multiparous Holstein cows (264.07, P < 0.01), and multiparous Jersey cows (287.05; 
P < 0.01). Surprisingly, least squares means NA was the least for multiparous 
Holstein cows (264.07), which differed from primiparous Holstein cows (373.41; 
P < 0.01), primiparous Jersey cows (395.87, P < 0.01), and primiparous crossbred 
cows (337.44, P < 0.01). Least squares means NA for primiparous cows was greater 
than for multiparous cows of all breeds.

Table 6. Type III tests of fixed effects for neck activity mixed model using a neck-
based activity monitor.

Source Numerator df Denominator df F value P-value

Breed1 2 24 1.32 0.29

Parity group2 1 24 43.28 < 0.01

Maximum THI3 1 187 10.13 < 0.01

Milk yield (kg) 1 187 14.43 < 0.01

Breed x parity group 2 24 11.11 < 0.01

1Breed: Holstein, Jersey, or crossbred
2Parity group: primiparous or multiparous
3Maximum THI: maximum daily temperature humidity index monitored by weather 
systems located in the freestalls
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Table 7. Least squares means (± SE) neck activity within parity group and breed 
using a neck-based activity monitor.

Parity Group

Breed Primiparous Multiparous

Holstein 373.41 ± 16.03abcde 264.07 ± 10.34bde

Jersey 395.87 ± 16.64acde 287.05 ± 14.30bde

Crossbred 337.44 ± 13.44bc 333.08 ± 10.81b

a–eLeast squares means within rows with different superscripts differ (P < 0.05).

Rumination time was moderately correlated with MY (r = 0.44, P < 0.01). Rumination 
time was not highly correlated with LT (r = - 0.24, P = 0.17), NA (r = - 0.09, P = 0.63), 
or RT (r = 0.05, P = 0.80). Schirmann et al. (2012) explained that cows ruminate more 
when lying down, which is not consistent with the results of this study. Reticulorumen 
temperature was not significantly correlated with MY (r = - 0.12, P = 0.50). This 
result is inconsistent with results from Bewley et al., (2008b) where RT decreased 
with increasing MY, explaining that metabolic heat production may increase with 
increased MY because of increased nutrient metabolism. Reticulorumen temperature 
was not significantly correlated with LT (r = 0.08, P = 0.65) or NA (r = 0.06, P = 
0.63). Neck activity was not significantly correlated with MY (r = 0.17, P = 0.34). 
Lying time tended toward a negative correlation with MY (r = - 0.34, P = 0.05), and 
was moderately correlated with NA (r = 0.51, P < 0.01). 

Although an equal number of crossbreds, Holsteins and Jersey cows were included 
in this study, the genetic composition of the crossbreds varied between 3 different 
groupings. Therefore, some differences or lack of differences between crossbreds 
and other breeds may have resulted. 

Conclusions

The physiological and behavioural differences observed in this study provide 
new insight into breed differences. These results can be useful for interpreting 
technology data.
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Abstract

Irish and European pasture based systems of farming rely upon precise grass 
allocation which requires a high labour input for its successful implementation. The 
“Virtual fence” is a method of cow containment with the use of aversive stimuli 
through the medium of an on-cow collar. As the cow approaches the GPS boundary 
she are issued a warning stimulus, if the cow fails to take notice of the warning 
she will receive a low level electric stimulus. This technology has the potential to 
reduce labour associated with grass allocation and cow containment in a paddock. 
However, the feasibility of virtual fence technology will rely on the ability to 
successfully train and contain cows within a paddock using virtual fence collars. 
The aim of this study was to assess the functionality of virtual fence technology for 
practical implementation on farm. Cow trials were conducted to evaluate: different 
training methods, GPS (global positioning system) accuracy, effect of different 
warning stimului (audio and tactile), and battery life and hardware design. The 
results of this study identified conceptually important  parameters intrinsic to the 
functionality of virtual fence technology within a dairy system integrated with 
grazing. The future applications for the “Virtual fence” may be considered as 
feeding to yield on an individual cow basis, fetching cows that have an extended 
milking interval on an automatic milking system as well as fetching cows in the 
conventional system. 

Keywords: Virtual fence, decision support tool, global positioning system, 
grazing, animal behaviour

Introduction

The primary objective of virtual fence (VF) technology is to either keep cattle away 
from an area (exclusion) or to enclose them within an area (inclusion) without 
the use of an observable physical fence or barrier. With the advent of affordable, 
highly accurate, global positioning system (GPS) technology becoming available 
on the mainstream market, the possibility of merging this technology with already 
available animal control systems has become achievable. VF technology has 
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numerous potential applications. VF technology allows for the removal of physical 
infrastructure, such as electric fences and other physical barriers. This could 
reduce capital costs and carbon footprint and create large areas of unobstructed 
land, making the system more flexible for strip grazing in a grass based dairy 
production system. The VF could also function as a dynamic entity/exit for the 
purposes of herding cows (Butler et al., 2011). In a pasture based system of dairy 
farming the milking process is the most labour intensive and time consuming 
activity followed closely by  strip fencing, grass allocation and herding cows. 
VF technology has the potential to bring a higher degree of accuracy to grass 
allocation as well as minimizing labour and associated costs with daily fencing 
and herding in a conventional batch milking dairy system. In voluntary automated 
milking systems (AMS) integrated with grazing, virtual fence technology could 
ensure regular cow visits to the robotic milking machine and resolve the issue of 
extended milking interval. VF technology also allows the opportunity to “feed to 
yield” higher performing cows, by control of individual cows at group level.
 The method of choice to control cow location, for the majority of VF collars 
invented to date, is based on negative reinforcement by applying an initial audio 
warning sound on approach to the VF and a subsequent aversive electrical 
stimulation at the VF. However positive reinforcement has also been shown to 
work as an alternative approach to gather cows from the paddock by rewarding 
them with feed and water once they reach a desired location (Umstatter, 2011).
Although previous studies have developed virtual fence technology, the overall 
aim of this project is to develop a highly accurate on-cow device with global 
positioning system (GPS) capability that would control the location and movement 
of the cow in accordance with all animal ethical guidelines.

Materials and methods

Development of a Functioning Command – Control Network Infrastructure

The development of a practical command and control infrastructure proved to be 
challenging in respect of animal management and the technical issues associated 
with wireless networks.  Initially, during the proof-of-concept stage of the virtual 
fence and collars, the ability to send manual commands wirelessly to the cow 
from a smart device required the operator to be present in the paddock close to the 
cows to test the design parameters in real time.  Once this proof-of-concept stage 
was completed. A central control station was built and used for the remainder of 
the trial period; this consisted of a central computer running a terminal command 
program that communicated to the cows in the field via a 433 MHz radio network. 
The program ran pre constructed command scripts. This allowed for automation 
of the command protocol.  The mobile operator station (commands issued from 
a smart device) was however retained, for occasional use (see Mobile Command 
Interface below). 
The more permanent central command was a two-way simplex data transmission 
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system required firstly, to assign individual IDs to each virtual fence collar and 
secondly, to activate a selected stimulus level on the collar for initial testing. The 
stimulus type (audio, tactile, electrical shock) could also be set and subsequently 
changed as a function of the firmware on-board the cow collar.  Additional 
functionality was added during the system development, including a method 
of communicating the GPS position from the cow back to central control base, 
sending command messages from the central base to the cow and subsequently, 
receiving an acknowledgement message from the cow. This ability proved critical 
to session management and the recording of pertinent data.
The GPS proximity of each individual cow in the herd to the geo-fence is needed 
in order to determine if that cow needs to be prompted with either a warning or 
aversive stimulus to maintain her distance from the geo-fence. The rationale for 
the Moorepark(Teagasc Moorepark, Fermoy, Co Cork, Ireland) 2014 trial (in 
part) was the employment of a more accurate positioning methodology, where the 
aspiration was to provide the animal with a more defined boundary so that the 
learning experience would produce a better outcome than in previous trials (Butler 
et al., 2006). The GPS positioning system deployed had two methods of position 
augmentation – SBAS and DGPS (Differential GPS, RTCM-104 V2 format) 
corrections. The SBAS signal was received from the European Gallileo EGNOS 
service via satellite, however it required a relatively stationary GPS receiver (cow) 
and therefore had limited utility. DGPS is a well proven method of providing a 
higher level of accuracy – typicaly <1m and typically 40cm given good satellite 
geometary (this is a variable).  Optimum accuracy can be expected where the 
baseline (distance from the DGPS generation point to the GPS enabled collar 
wearing cow) is short.  To obtain a good baseline, a DGPS reference station was 
established at Moorepark and it’s output broadcast on a point-to-multipoint basis 
for use by any GPS receiver within wireless range.  Past trials (Butler et al., 2006) 
have used GPS with standard accuracy (typically 1-3 meters in the horizontal).  A 
radio channel that permits GPS correction data to be passed from the generation 
point (base station) to the individual cows in the paddock was a key component in 
the network infrastructure that was developed to allow precise positioning of the 
virtual fence and accurate location information from each cow.  The management 
of all data channels including DGPS corrections was somewhat complex and 
required a management methodology which was developed, in part, during the 
proof of concept stage.  The radio network therefore consisted of a number of 
components – see Figure 1.
Channel 1(Figure 1) represents the cow based network over which all traffic, with 
the exception of DGPS data, to and from the cow is passed. It operates on the 
433MHz ISM band. Given the limitation of the ISM bands, a robust protocol is 
used at an on-air rate of 9600 bps.  The typical usage is: a command message 
is passed to the cow to which the cow responds. This operates around a simple 
protocol with a maximum (for this trial) herd size of 16 cows. Each cow may be 
addressed individually with a command or the herd as a whole can be addressed. 
A command is acknowledged where it is sent to an individual, however where the 
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herd is addressed an acknowldgement is not returned as data collisions will occur 
when up to 16 responses are transmitted almost simultaneously. At one stage in 
the development a unique delay was included on each collar and this permitted 
acknowledgements to be recieved, however due to the physical complexity of 
collar management it was eliminated in favour of a method where each collar 
could be pinged for it’s settings and thereby checked for current status.  Once 
an individual command is received, the cow would acknowledge receipt, and 
completion, to the control station.  Typical examples of commands sent live in the 
paddock are to turn on or off the virtual fence (cows entering/leaving the paddock); 
or a housekeeping command requesting position, battery life and other data which 
is responded to immediately. All traffic on Channel 1 is logged and recorded. This 
provides a record, for example, of the number and type of stimulus a cow receives 
and the cow position when the stimulus was delivered.
Channel 2 (Figure 1) represents a super-network that sits on top of Channel 1 
and to which the control station and field operators are connected. It uses the 
868MHz ISM band in order to keep Channel 1 as free of traffic as possible. DGPS 
correction data generated at the site’s base station, uses a dedicated sub-channel 
on this network and each animal carries a separate receiver to receive the satellite 
corrections. The rationale for this approach was firstly a traffic consideration.  
DGPS data is transmitted every second in approximately 400mS bursts.  This 
occupies a significant proportion of the available airtime on the channel and given 
the requirement to have command and control messages sent from both the control 
station and in-paddock operators asychronously (that is on independent timelines), 
a separate data channel for DGPS seemed a logical step. (Future itterations of 
the wireless infrastucture might look again at this with a view to optimising data 
flows.) In the paddock, control setting commands may be issued by an operator 
on Channel 2 and they will be relayed to Channel 1 for receipt by the cow so 
they may be logged and recorded. Secondary relay points may be deployed to 
suit the topography and in this way an operator (who may be out of range of 
the control station) can issue a command and have it relayed to Channel1 and 
logged. The Channel 1-2 relay was physically close to the paddock within which 
the experimental trials were carried out.
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Figure 1 Command & control, DGPS and remote control network

Data Logging 

All traffic to and from each cow was logged at the base station by a dedicated 
receiver/ computer combination. Each item of traffic was time stamped with sub-
second precision and stored on a dedicated drive for record and analysis purposes. 
Data was logged to a PC located in the control centre using ‘TeraTerm©’ data 
management software, (available free online), TeraTerm logs all data (Cow ID, Alert 
level, position and other data and a time stamp accurate to a tenth of a second). The 
files were saved as self-generating log files in a pre-named documents folder. Apart 
from the data analysis aspect, it was also desirable to keep a time-stamped record 
of all traffic for subsequent analysis and to ensure ethical procedures were adhered 
to.  The data logging format chosen for the trial was a csv format which allowed the 
importation of data logs to programmes such as Excel for fast platform- independent, 
analysis.

Power Requirements 

Power consumption was recognised as one of the gating elements for the successful 
deployment of a virtual fence system. At the planning stage an optimum re-charge 
interval of one week was a design goal, however a 3 to 4 day interval was a more 
cost-effective and practical solution for the system. The main power drains for the 
on-cow collar were: (a) GPS positioning (GPS and DGPS requiring more power than 
conventional GPS), 60%, (b) microprocessor control unit, 20% and (c) stimulus unit, 
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and 5-20% depending on usage. The on-cow power requirements varied with the 
elements of the system when in use. This varied between 15mA and 150mA drain on 
the battery. A LiPo power solution was selected for capacity, short re-charge times, 
and weight. The total capacity of the battery was 4400mAh achieving a design life 
with average consumption of 3-4 days. It is planned to extend this by employing 
power saving strategies when typical usage patterns become available during the trial. 
The constrictive nature of the trial paddock meant that higher power consumption 
was necessary due to the GPS unit needing to be active almost on a continuous basis. 
The (Channel 1) transmission mast providing command/control and relay services 
had a power requirement of 50mA at 5V and was powered from a lead-acid 12V re-
chargeable battery backed up with a solar panel. The base station requirements were 
mains supplied and had a UPS backup system powering the main computer, logging, 
command radio links and the reference DGPS station. 

Operating Environment 

The operating environment of all the outdoor equipment was relatively harsh. The 
field based radio network elements were to IP67 standards (weather-proof). The 
cow-borne elements were designed to meet IP67 standards and did so in respect 
of the electronics housing. However an element of exposure to the weather was 
encountered on the interface elements (sound and electrical stimulus) and so could 
not be to IP67 standards.  In prolonged periods of rain (worst-case) some water 
ingress was evident in some units and remedial work was required on the collar 
enclosures to eliminate this risk. 

Mobile Command Interface 

Apart from the main control station at which the operator typically uses a PC and 
keyboard to issue commands or access the system logs, a necessary requirement of 
the system was to have operator control from remote points anywhere across the trial 
area.  As discussed above this      was implemented through a second channel relaying 
commands to Channel1.  A smart-device (phone or tablet) App was developed which 
could be used in conditions of bright sunlight, to send commands. This consisted of 
an operator borne relay which could accept a command instruction from the smart 
device using Bluetooth and then relay the command onto the Channel 2 network 
from where it could be relayed to Channel 1 and so to the cow. A smart protocol 
was used so that data collisions between an operator at the control station and a 
field-operator were eliminated. The App developed by True North used an Android 
operating version 4.3 or later. 

Results and Discussion 

This study tested the feasibility of a novel concept to allow automation of grazing 
management within a pasture based farm system exploiting recent advances in GPS, 
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battery life endurance and other technology. The vision for this technology is to be 
incorporated into a whole farm grass geo metrics system. The infrastructure and 
communication network that was used to accurately and automatically allocate 
the grazing area were developed and tested. The results of these developments 
are depicted in Figure 1. The goal was to achieve an accurate, labour saving and 
economical method for precise allocation. The study resulted in the development of 
a system, with the potential to enhance grazing management decisions and to reduce 
labour for farmers in a pasture based system of dairy farming. 

Conclusions 

The GPS ability combined with precise grass measures and an on-cow virtual 
fencing system can potentially achieve an accurate, labour saving and economical 
method for precise allocation of grazing to cows. The collar can set the virtual fence 
boundary and remove the necessity for physical fences allowing the farmer more 
time to concentrate on the precise grass allocation to the herd. Combining this with 
the control of each cow at an individual level within the herd using the VF had the 
potential to reduce labour associated with fencing, optimize pasture utilization and 
subsequently cow milk production. The further research that is conducted into this 
method of cow control will yield more possible applications for the system. A further 
array of experiments are due to take place in 2015 to enhance the understanding of 
the cows learning process in relation to the VF and this will assist design of standard 
operating procedures for cow training.
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Abstract

Markers in rumen gas can be detected in exhaled air and hereby has a potential 
for automatic monitoring. Hydrogen sulphide is produced by rumen microbes 
metabolising sulphur containing amino acids and might therefore be used as 
an indicator of protein degradation. However, several factors might affect H2S 
concentration in the rumen e.g. non amino acid S, rumen pH and S incorporation in 
microbial protein. The objective of this study was to evaluate the relation between 
hydrogen sulphide in rumen headspace and protein degradation in dairy cows. Six 
ruminally fistulated cows were fed a basal silage and concentrate diet supplemented 
with 0, 616 or 1142 g potassium bicarbonate/d to give divergent ruminal pH and 
liquid passage rates. The ratio between S and N was varied diurnally by urea 
supplementation at certain meals.  Hydrogen sulphide concentration of rumen 
gas was measured at 20 min intervals. Potassium bicarbonate did not affect H2S 
concentrations. Time trends in H2S concentrations were related to feeding pattern. 
Ammonia evolution in the rumen partly mimicked H2S concentration trends but the 
overall coherence was poor, apparently by the varying S:N ratio. Concentrations 
of ammonia in rumen liquid and H2S in rumen gas increased from 5 mg/dl (SD 
1.3) and 6 ppm (3.9) before the morning feeding to 23 mg/dl (5.2) and 253 ppm 
(120.8) 1.5 hours later. It is concluded that H2S has a potential as a marker for protein 
degradation in ruminants but the relation between protein degradation and overall 
ruminal S metabolism needs to be further investigated.

Keywords: hydrogen sulphide, marker, protein degradation, ruminant 

Introduction

Protein degradation dynamics in the rumen of dairy cows have impact on N 
utilization and excretion. Monitoring of markers for protein degradation could assist 
in diet formulation on an individual cow level by optimizing N utilization. 
Volatile compounds from rumen gas are excreted in exhaled air, making them 
potential markers for automated monitoring of rumen metabolism. Composition of 
exhaled gas can be monitored at feeding stations for loose housed animals, methane 
being the most studied compound. Rustas et al. (2012) found good relationships 
between gaseous compounds in exhaled air from dairy cows, e.g. dimethyl sulphide, 
and N excretion in the urine. Dimethyl sulphide is formed from sulphur compounds, 
e.g. degradation of S-amino acids, in rumen fluid (Salsbury and Merick, 1975). The 
relation between dimethyl sulphide and N excretion reported by Rustas et al. (2012) 
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indicate a potential for volatile markers of protein degradation. Hydrogen sulphide 
(H2S) is similarly formed at amino acid degradation but to a greater extent than 
dimethyl sulphide (Dewhurst et al., 2001) which implies a better possibility for H2S 
as a marker in exhaled air.  There are attempts to also measure H2S with equipment 
commonly used for methane monitoring in loose housed cattle (C-Lock Inc., 2015).
Most of the sulphur in plant material is contained in sulphur amino acids. In 
controlled experiments, where different protein sources have been fed as sole feeds 
or given directly into the rumen, the development over time of H2S in rumen head 
space gas has been related to protein degradation characteristics (Fonseca et al., 
2013; Rustas et al., 2013). 

However, in a practical feeding situation several factors might affect H2S production 
in the rumen. Amino acid composition is important as more H2S is produced from 
cysteine compared with methionine (Dewhurst et al, 2007). Hydrogen sulphide is 
also produced from other organic and inorganic sulphur sources. A dairy cow ration 
is generally composed of several feeds and they might contain different forms of 
S. Rumen conditions might also affect the amount of H2S that is released into the 
head space gas. Hydrogen sulphide dissociates in solution and pH determines the 
equilibrium between the non-ionised (H2S) and ionised (HS- and S2-) forms. Only 
H2S is evaporated into the gas phase. Hydrogen sulphide also disappears in microbial 
synthesis as it is incorporated in sulphuric amino acids. Production rate of microbial 
protein therefore would affect how much H2S that disappears into rumen gas.  

To investigate the relation between rumen gas H2S and protein degradation in a 
practical feeding situation for dairy cows we measured rumen gas concentrations 
over time in a feeding experiment. The experiment included treatments with different 
amounts of KHCO3. We expected the treatments to affect rumen pH, through its 
buffering characteristics, and microbial synthesis, through its potential effect on 
rumen passage rate. 

Materials and Methods

Animal experiment
The measurements on ruminal gaseous H2S reported here were carried out in 
connection to an experiment described in detail elsewhere (Eriksson and Rustas, 
2014) and only a brief description will be included here, except for the gas 
measurement methodology not previously described. The experiment assessed the 
effects of incremental potassium levels on milk urea concentration, urine output 
and drinking water intake in six ruminally cannulated Swedish Red cows in mid-
lactation. The experiment had a Latin Square design with three treatments and three 
two-week periods, with measurements performed the last week of each period. The 
cows, weighing 618 (± 38) kg and 86 (± 15) DIM at experimental onset yielded 29 
kg energy corrected milk/d during the experiment. The cows were fed a common 
basal ration with grass silage, concentrates and urea in the proportions 39.3:60.0:0.7 
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on a DM basis that provided 165 g CP/kg DM (Table 1). The basal ration was fed 
at individually fixed levels, planned to result in negligible orts, on average 20.2 kg 
DM/d. Treatments were applied by addition of potassium bicarbonate on top of the 
common ration at 0, 616 or 1142 g/d, where the two latter were intended to give 
double or threefold K intake compared to zero supplementation. Silage feeding was 
with two equal meals at 05:45 and 16:45, respectively and concentrate feeding was 
with four equal meals at 06:00, 09:00, 13:00 and 17:00, respectively. Concentrate 
meals 06:00 and 13:00 were fortified with urea. Measurements included ruminal 
liquid sampling with determination of pH, NH3-N and 

Table 1. Feeds and the N and S fractions provided with them at first and second meal

First meal (Grass silage 
05:45 and Concentrates 
06:00)

Second meal
(Concentrates only 
09:00)

Feeds
Grass silage, kg DM 2.0 -
Concentrates, kg DM1 3.0 3.0
Urea, g 72 -

N and S fractions
Total N, g 185 84
Soluble N, g 73 13
NH3-N + urea-N, g 36.0 0
Total S, g 17.4 10.6
Amino acid S, g 7.8 5.3
Non-amino acid S, g 9.6 5.3

1SOLID 620 (Lantmännen, Stockholm, Sweden) containing on an as fed basis g/
kg: barley, 260; heat-treated rapeseed meal, 180; ground corn, 130; beet pulp, 90; 
wheat bran, 80; oat bran, 70; malt sprouts, 50; distiller’s dried grains, 50; mineral 
and vitamin premix, 50; vegetable fat, 20; ligno-sulfonate treated soybean meal, 20.

α-amino-N over time and estimation of microbial protein production from allantoin 
analysis of quantitatively collected urine. Analyses of feeds and animal samples 
were following standard procedures as described by Eriksson and Rustas (2014) but 
amino acid S was calculated from tabulated amino acid proportions in feeds (Norfor, 
2015).

Gas measurements
Ruminal H2S measurements were done with a handheld instrument (GA2000, 
Geotech, Lemington Spa, UK) that also was calibrated for CH4, CO2, O2 and CO. 
A tube with a nylon cloth covering the opening was entered through a ball valve 
mounted on the rumen cannula lid. Gas was monitored for 1-2 min. until stable 
values were reached.
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Gas measurements were done from 05:30 until 11:00. Due to the need to move the 
instrument between cows, measurements were done according to a schedule with 15-
20 min lapse between cows and started 5-20 min before the first morning meal. As all 
cows were fed simultaneously, values were then linearly interpolated to the nearest 
on the hour or on the half hour time (i. e. 5:30, 6:00 etc.) by use of the FORECAST 
function in MS Excel 2010. The same linear interpolations were applied to the hourly 
ruminal liquid measurements of pH, NH3-N and α-amino-N.

Statistical analysis
As O2 was detected during some measurements, readings were recalculated to zero 
oxygen concentration and both direct readings and O2 adjusted data are presented. 
The results were analysed with Procedure Mixed of SAS 9.3 with treatment, sampling 
time and their interaction as fixed factors and period, cow and their interactions with 
treatment as random factors. Regarding the time series effects, this is equivalent to 
a repeated measurement analysis with compound symmetry covariance structure.

Results and Discussion

Time effects were highly significant for all variables while K level only tended to 
have an effect on ruminal pH, with average pH being lowest with lowest KHCO3 
supplementation and highest with highest KHCO3 supplementation (Table 2). 
H2S gas 

Table 2. Ruminal pH and concentrations of H2S, NH3-N and α-amino-N in 
midlactating cows supplied with zero, intermediate (616 g/d) or high (1142 g/d) 
amounts of KHCO3 (K Level). Least square means for the time interval monitored 
(05:30 – 11:00).

K level P-value

Low Medium High SED1 K level Time K x Time

H2S, ppm 129.1 164.2 171.0 24.9 0.29 <.0001 0.03

H2S, adjusted, ppm2 156.0 183.1 193.3 22.6 0.36 <.0001 0.64

pH 6.07 6.23 6.34 0.088 0.07 <.0001 0.002

NH3-N, mg/dL 10.59 9.77 8.78 0.863 0.43 <.0001 0.25

α-amino-N, mg/dL 5.93 5.97 6.07 0.251 0.84 <.0001 1.00

1Standard error of the difference
2 Adjusted to zero O2 concentration
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concentration in the rumen increased from almost zero before first feeding to 
about 250 ppm 90 min after feeding, declined partially and then increased again 
after the 09:00 concentrate meal (Figure 1). The magnitude of increase after the 
09:00 meal was proportional to the S intake, when compared to S intake and 
H2S increase after the first meal. The rise in rumen H2S concentration is similar 
to earlier findings where single protein feeds were given in doses. Fonseca et 
al. (2013) reported H2S concentrations between 200 and 500 ppm 60 min after 
feeding 1 kg of maize gluten feed with different protein degradability. Rustas et 
al. (2013) reported 200 and 350 ppm H2S 1 h after giving doses of 1 and 2 kg rape 
seed meal, respectively. Rustas et al. (2013) fed between 6 and 13 g S compared 
to Fonseca et al. (2013), who gave between 4 and 5 g of S.  In this experiment 
the cows received 17 g of S in the first feeding and 13 g at the second feeding 
(Figure 1). The similar response to such different amounts of S might have 
several causes. It highlights the lack of consistency in H2S production in relation 
to administered feed or S source between experiments pointed out by Dewhurst 
et al. (2007). The cows in this experiment received a ration which was lower in 
S concentration than protein feeds in general and the cows consumed the feed 
over a longer period than in reported dosing trials which might have affected H2S 
development. The pattern of the second H2S peak might be explained by the total 
amount of fed S and especially provided amino acids. Dewhurst et al. (2007) 
claimed a limit for cysteine degradation in the rumen of 8 g at one occasion. At 
higher levels of administration the production of H2S was prolonged. We gave 
in total 17 g of cysteine at the first feeding and 14 at the second feeding which 
indicate that the amount of cysteine might have prolonged the H2S production. 
Furthermore, the ration in this experiment contained about 50% inorganic S, 
mainly from the mineral feeds, which is far more inorganic S than single protein 
feeds generally contain. That is unless S is added in a manufacturing process 
like distiller’s dried grain which is added H2SO4. This results in a considerable 
proportion of inorganic S in the feed. Inorganic S results in slower release of 
H2S than organic S (Dewhurst et al., 2007) but this might change with long time 
administration due to adaptation of rumen microbes. 
The tendency to lower rumen pH with decreasing K intake did not enhance the 
H2S release. On the contrary, although not significant, the trend seemed to be 
lower H2S 
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Figure 1. Ruminal pH and concentrations of H2S, NH3-N and α-amino-N in 
midlactating cows supplied with zero (•), intermediate (α 616 g/d) or high (× 
1142 g/d) amounts of KHCO3. Wide  vertical bar indicates a silage (4 kg DM) and 
concentrate (3 kg DM) meal fortified with urea and providing 17 g S and 73 g soluble 
N, whereof 36 g NH3-N. Narrow vertical bar indicates a concentrate meal (3 kg DM) 
providing 11 g S and 13 g soluble N.

with lower pH (Figure 1). Within the normal range of rumen pH, there is a 
considerable range in the proportions of un-dissociated hydrogen sulphide (H2S) and 
the sulfhydryl ion (HS-). At pH 7, around 35% is present as H2S, whilst this increases 
to 95% at pH 5.5. The rate of absorption of H2S across the rumen wall is higher than 
for the sulfhydryl ion (Bray and Till, 1975).  The consequence of the differences in 
sulphide form and rates of absorption may be that sulphide is lost more rapidly from 
the rumen at lower pH - both through the rumen wall and in rumen gas but the net 
effect on rumen gas concentration development over time is unknown.
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There was a positive relationship between level of KHCO3 and allantoin excretion 
in urine (numbers not shown). This indicates increased microbial synthesis with 
increased K level but not to an extent that it could affect the concentration of H2S. 
The development of rumen ammonia concentration after the first meal was similar 
to development of H2S concentration, but no increase was detected in rumen 
ammonia after the 09:00 meal. This may be explained by a huge contribution 
from the urea fed in the first meal but absence of urea N in the second meal. As 
forage was not fed in the second meal a higher proportion of rumen undegradable 
or slowly degradable protein was fed which further explains the lack of rise in 
ammonia after the meal. 

Conclusions

Hydrogen sulphide concentration in rumen gas is affected by amino acid 
metabolism and therefore has potential as a marker for protein degradation, 
possible to monitor automatically in exhaled air. Before this could be realized, 
several issues needs to be clarified including the effect different S sources might 
have on H2S production when mixed and effects of increasing amount of S 
forming amino acids. Equipment for automatic monitoring of H2S in exhaled air 
needs further development and validation.
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Abstract

In Europe transport conditions for heifers are safeguarded by EU regulations (EC 
Regulation 1/2005). A recent study of ours aimed to determine whether the welfare 
of heifers transported in commercial transports and under ‘Cattle Cruiser’ conditions 
was increased if animals were allowed a 9-hour overnight stop (feeding and resting) 
on the vehicle (group B) compared to the common practice in which animals were 
rested (and fed) on the vehicle for only one hour (group A). Lying behaviour, heifers 
of both treatments groups were monitored with IceQubes (IceRobotics); while 
rumination activity was monitored using RumiWatch System (ITIN+HOCH). Our 
study showed that while the rumination activity was not affected during the 9-hour 
break overnight, heifers did not show a similar pattern of lying down as compared 
to the farm measurements prior to departure. Furthermore, based on the results of 
this study it was hypothesised that when the vehicle was moving, heifers were less 
prone to ruminate and lie down. This pilot study has proven the effectiveness and 
relevance of monitoring lying behaviour and rumination activity of heifers during 
transport to assess the overall level of welfare.

Introduction

Transport conditions for heifers, and other farm animals within the EU, is restricted 
by EU regulations (EC European Commision, 2005). It is compulsory to rest 
domestic cattle (except unweaned calves still on a milk diet), after 14 hours of 
travel, for of at least one hour to allow them to feed and drink0. After this resting 
period, which may be extended to a maximum of three hours (if required for the 
care of the animals), they may be transported for a further 14 hours (cited from EC 
EuropeanCommision, 2005). The total duration of the journey may therefore take 
no longer than 31 hours. It is generally recognized that transport of animals is a risk 
to animal welfare.
Welfare is clearly a characteristic of an individual animal and is concerned with the 
effects of all aspects of its genotype and environment on the individual (Duncan, 
1981). According to Broom (1986) the welfare of an animal is its state as regards 
its attempts to cope with its environment. In order to safeguard welfare and avoid 
suffering, a wide range of needs must be fulfilled. 
On farm, deprivation studies with cattle have shown that patterns, frequencies and 
duration of lying down, feeding and ruminating can be affected considerably by 
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stress in housing and management. It has been shown that the housing environment 
of cattle can affect lying behaviour. For example, the lying time of cows in free stalls 
is reduced in proportion to the degree of overcrowding (Wierenga and Hopster, 
1990). Cows housed in straw yards lie down for longer than those in free stalls 
(Phillips and Schofield, 1994). 
Rumination is an essential behaviour in ruminants; required to reduce the size of 
feed particles to facilitate passage through the reticulo-omasal orifice (Welch, 1982). 
Cows prefer to ruminate while lying down (Cooper et al., 2007). Phillips and Leaver 
(1986) reported that cows normally ruminate when lying down for approximately 
6 hours a day. Cows only ruminate while standing for one hour a day. When cows 
are prevented from lying down, they increase their time spent ruminating while 
standing according to increasing deprivation time (Cooper et al., 2007).
The use of sensor technology in agriculture has taken enormous steps in the last 
decade. On farm data collected by sensors can be transmitted to a central site 
for processing, storage and reporting (Banhazi et al., 2012). This is potentially 
advantageous for farm management. In dairy farming, the collection of data using 
automatic milking systems, has already been proven to be beneficial for the farmer 
(Hogeveen and Ouweltjes, 2003). Automatic activity monitoring in dairy cattle has 
been shown to be a useful tool in the detection of lameness in cattle (De Mol et al., 
2013). Observance and monitoring of animal welfare indicators should be performed 
without disturbance to the animal to minimise the stress. Sensor technology to 
monitor physiology and behaviour during transportation has been used since 
the mid-nineties (Ville et al., 1993). Technology has improved and available on 
the market. In research, body temperature (Gerritzen et al., 2013) and heart rate 
(Gerritzen et al., 2013; Lambooij et al., 2012) have been used as a physiological 
indicator of stress and welfare of animals during transport. The purpose of the study 
was to investigate behavioural patterns of heifers during road transport. 

Material and methods

Study design
For our study a commercial exporter (Van Dommelen BV) allowed their transports 
to be followed. In order to standardize the journeys a single commercial route was 
chosen: Woerden (the Netherlands) to Sète (France) (see figure 1). The journey was 
1171 ± 21 km. 
In treatment A, dairy heifers were transported according to the current EC Regulation 
1/2005, with two drivers, allowing only a short break for feeding after the first 
14 hour of the journey. In treatment B, heifers were transported according to an 
alternative schedule, with one driver. There was a compulsory 9 hour feeding and 
resting break during the night.
The comparison between treatments A en B was studied six times between June 
2013 and June 2014. Both treatments were executed consecutively, hence the 
vehicle for treatment B departed in the morning and treatment A the same day, early 
in the evening. Both with an expected arrival time of 13:15 the following day.
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Figure 1. Schematic presentation of the driving and resting times for the two 
treatments (treatment A without a 9-hour overnight stop and treatment B with a 
9-hour overnight stop).

Animals and Vehicle
Each vehicle was loaded with 35 dairy heifers for export with an average age of 
22.8 ± 2.4 months. These animals were on average 4.9 ± 1.5 months pregnant  
(maximum 6 months), and weighted on average  545.9 ± 5.2 kg. 
The vehicles used for this study were of the type “Cattle Cruiser” comprising 
five compartments divided over a upper (three compartments) and a lower deck 
(two compartments). Due to the fact that the rear compartment upper deck also 
was the ramp, measurements were performed in the other four compartments.

Measurements
Two ‘study’ heifers were selected at random in each of the four study 
compartments. These individuals were equipped with sensors for registration 
of activity (standing and lying down) and rumination (and feeding). Baseline 
recordings for activity (lying down and standing) and rumination (and eating) 
activity were taken for a 24 hour period within the two days preceding day of 
departure. 
Activity was recorded using 3-dimensional accelerometers, commonly referred 
to as pedometers, at 4 Hz (IceQube™, IceRobotics Ltd., South Queensferry, UK). 
Throughout the study period, each cow was equipped with an IceQube which was 
attached to the fetlock of the left hind leg. IceQubes continuously determined 
whether a cow was lying down or standing, and recorded the number of steps 
per 15 minute period. After the study, data from IceQubes were transferred by 
IceReader interface to a computer equipped with IceManager software. These 
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data were then used to derive the laying and standing bouts of the test cows.
Automated sensor based technology was used in order to measure rumination 
activity and eating activity during transportation. The RumiWatchSystem® 
(ITIN+HOCH; Ettenhausen, CH) sensor-based  system enables automatic 
measurement of rumination and feed intake. It incorporates a noseband sensor, 
data logger and evaluation software. The sensor registers jaw movements at a 
frequency of 10 signals per second. The data are saved on a SD Memory Card 
and transferred to computer with operational software.

Statistical Analysis
For each journey a vehicle contained eight study heifers (two in each study 
compartment). Each sensor produced repeated measurements and percentage 
times for  lying down, ruminating and eating were recalculated hourly, considered 
as data Y. Differences between type of vehicle and stage of the journey have 
been assessed by linear logistic regression analysis of the recalculated hourly 
data. A linear logistic model comprising fixed effects for vehicle type and stage 
of transportation together with random effects from transport date and study 
compartment within transport date have been used to describe the relationship 
between p and the model terms. 
The fixed model was: ln = constant+Tranport_type + stage (hour) of tranport 
+ interaction. For treatment B journeys the changes in behaviour in time during 
the  9-hour rest period were analysed using the above model excluding the effect 
of Transport_type.

Results and Discussion

The journey, average distance 1171 ± 21 km, took the treatment A vehicle on 
average 16 hours 56 minutes (± 32 minutes) to complete and the treatment B 
vehicle on average 27 hours and 30 minutes (± 51 minutes).
Behaviour during a 9-hour overnight stop
In treatment B, heifers were fed on the vehicle in the evening (between 21:00-
22:00 hours) and rested for a total of nine hours. Lying down and ruminating were 
registered continuously during the resting period. Figure 2 shows the percentage 
of animals lying down and ruminating at a given time (consecutive hours from 
the start of the resting period). Obviously, when animals were fed only very few 
animals were lying down and/or ruminating. These numbers to a maximum at 
six (rumination) and seven (lying) hours into the resting period. Rumination 
activity peaked at 55% animals, which is equivalent to 4.4 of the 8 study animals 
ruminating at once. For lying down, the maximum percentage was 35% which is 
equivalent to 2.8 study animals. 
Diurnal rumination patterns have been described for heifers (Jaster and Murphy, 
1983). However, the pattern of eating and ruminating in the present study 
follows the same pattern as described in studies by (Schirmann et al., 2012). In 
those studies dairy cattle spent most of the time ruminating at night. When fed 
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at 16:00 hours, they displayed an eating peak between 17:00 – 19:00 hours and 
a rumination peak between 22:00 and 05:00 hours (Schirmann et al., 2012). The 
baseline recordings (on farm) of the heifers of this current study indicate that the 
animals started eating around 18:00 hours, and maximum rumination activity 
was observed between 21:00 and 06:00 hours. So it was hypothesised that on 
farm the time between onset feeding and peak ruminating lies between 3-5 hours. 
Results from our current study indicate that a similar eating-ruminating interval 
was preserved by heifers fed and rested on the vehicle, even if they were fed 
later (21:00 instead of 16:00-18:00 hours). The average percentage of animals 
ruminating during the peak rumination hour was 55%, which is slightly higher 
(44%-55%) than baseline recordings. Therefore, in conclusion, it would appear 
that rumination was not affected during the 9-hour break overnight. 
Lying behaviour follows a diurnal pattern, similar to rumination. Several studies 
have investigated the total daily lying times. For example, pregnant cattle have 
6.8 lying bouts or ie down for 10.5 hours each day. Cattle in late gestation were 
found to have 10 bouts, lying down for 11.6 hours per day (Tolkamp et al., 
2010). Jensen et al. (2005) found that heifers in approximately the third month 
of pregnancy have a strong urge to lie down for 12 to 13 hours every 24 hours. 
In the study of Tolkamp et al. (2010) between 60-90% of the non-pregnant dairy 
cattle was lying down during the night and 20-50% during daytime.
Remarkably, 4 of the 48 study heifers on treatment B did not lie down at all 
during the 9-hour overnight stop. Apparently, the first of these four events 
occurred during the 4th journey, with the remaining three occurring during 
the 6th journey. Those heifers that did not lie down were transported in first 
compartment upper deck (two heifers, different journeys), second compartment 
upper deck and last compartment lower deck. Continual standing could have 
been caused by unfamiliarity with the situation (animals were not feeling 
relaxed or ‘safe’ enough to lie down) and/or because of a lack of space (although 
compartment sizes were in according with EC Regulation 1/2005, heifers could 
have been  making inefficient use of the available space). It should be stressed 
that heifer behaviour within compartments was not independent; meaning, that if 
one animal was more active than the others this inevitably decreased the chance 
of other animals going lying down. It is therefore conceivable that the lying 
behaviour of the heifers during the 9-hour stop was not the same as on farm prior 
to departure.
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Figure 2. Percentage of animals ruminating or lying down each hour of the 9 hour 
resting period. The percentage of animals is calculated as the average time that 
animals displayed a particular behaviour within the time period. 

Behaviour during driving
A complete journey consisted of four main driving blocks, all lasting for 3-4½ hours 
(see figure 1). 
During these driving blocks, the percentage of animals ruminating remained 
relatively low, up to 25%, which was considerably lower than when the vehicle was 
stationary (55% of animals on treatment B ruminating at one point during the 9-hour 
overnight stop). No differences were observed in percentage ruminating animals 
between treatment groups during all four driving blocks. 
During the first driving block of 4½ hours, hardly any heifers were lying down. 
This percentage increased during subsequent driving blocks. Significantly (F=7.52, 
p<0.05) more animals were lying down in treatment B than in treatment A in the 
fourth driving block. During the last 2-3 hours of the journey (driving block 4), 30% 
of the heifers allowed a resting period of 9 hours overnight were lying down, while 
only 11% of the heifers not allowed a 9-hour resting period were lying down.

Based on the practical experiences of the drivers, it was expected that most heifers 
would lie down within 2-3 hours after departure. However, the percentage of heifers 
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lying down during driving in the current study was considerably lower. In the first 
two driving blocks (the first 10 hours of the journey), less than 10% of the heifers 
was lying down. Longer into the journey, the percentage of heifers lying down 
increased in both treatment groups, but did not exceed 30%. This implies that 
during driving, in one compartment containing seven heifers, two heifers were 
lying down at the same time. Extrapolating this to the whole vehicle, 10-11 of the 
35 heifers would be lying down at the same time. Petherick and Phillips (2009) 
have calculated space allowances for confined livestock based on allometric 
principles. They argued that animals require more space to move around between 
standing and lying in comparison to physical space occupied when lying down. 
Based on limited evidence, they suggest that the amount of space needed to 
move between standing and lying is equivalent to what is required for lateral 
recumbency. Space allocated according to the lateral recumbent equation is area 
(m2) = 0.047W(0.66), with W being the weight of the animal. For the heifers in our 
study, with a mean weight of 546 kg, this meant that they would need 3.01 m2 per 
animal to move between lying down and standing. This is almost twice as much 
as the area that was available to heifers in our study. 
Although not systematically recorded, the researchers noted that all animals, 
regardless treatment group, would lie down and ruminate soon after they were 
unloaded and placed in resting pens at the end destination. Despite that this has 
not been recorded systematically the impression was that all animals displayed 
rebound behaviour to compensate for  lying and rumination deficit. 
It has been suggested by SCAHAW (2002), that careful driving, especially in 
bends and corners along the route, together with driving style (acceleration and 
braking), have a substantial effect on the cattle welfare during transportation. 
Also in a study by Peeters et al. (2008) it was shown that driving style was 
a major factor affecting longitudinal and lateral accelerations. Increasing 
acceleration resulted in larger proportion of animals standing during the journey 
and a decrease in the proportion lying down. In the present study, no objective 
measurements were taken regarding driving style; but the drivers chosen for 
the current study were acknowledged to drive in a passive and careful manner. 
Nevertheless, based on the results of our study it is hypothesised that when the 
vehicle was moving, heifers were less prone to ruminate and lie down.
Although the percentage of animals lying down during driving remains low in the 
fourth driving block, there was significantly more heifers lying down in treatment 
group B than in treatment group A. A possible explanation for this finding could be 
that the heifers of group B had experienced during the 9-hour overnight stop that 
it is physically possible or ‘safe’ to lie down to a certain extent, hence providing 
them thereafter with confidence to lie down. Additionally, another explanation 
for this significant difference could be that the heifers in treatment group A were 
fed between driving blocks 3 and 4, while those in treatment group B had been 
fed 10 hours earlier (after the second driving block). Heifers on treatment A only 
had a limited time to eat, after which the vehicle continued the journey (driving 
block 4).
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Satisfying the motivation to lie down is important for the welfare of dairy cows 
(Wierenga and Hopster, 1990). Since lying down in our study differed from 
expected patterns lying down events were calculated for each heifer. Irrespective 
of treatment, several heifers did not lie down at all during the whole journey. 
The average absolute duration of lying down in treatment group A was 1 hour 48 
minutes (± 2 hours) and 3 hours and 18 minute (± 2 hours and 16 minutes) for 
treatment B. Total duration of lying down corrected for duration of the journey 
revealed that in treatment group A  heifers were lying down for 10.7% (± 11.9%) 
of the total journey time and in treatment group B 12.5% (± 8.7%). In treatment 
group A 7 of the 48 heifers did not lie down at all during the 16-17 hours journey; 
in treatment group B 1 of the 48 heifers did not lie down during the 27-28 hour 
journey. An explanation as to why some animals did not lie down is still open to 
speculation. However, it should be stressed that whether or not animals lie down 
is also very dependent on the companion animals in the compartment. When 
one animal is active, the chance that the other animals will lie down decreases 
considerably.
Heifers not lying down during the 9-hour overnight stop may have been a) 
feeling ‘unsafe’ and/or b) limited by available space. A further explanation for the 
difference between heifers in vehicle A and B: could be attributed to the whole 
‘transport experience’. The transportation scheme of vehicle A was focussed on 
driving with only minor stops, while the transportation scheme of vehicle B was 
focussed on more and longer breaks, during which the animals could rest and/or 
experience that the ability to lie down in the stationary vehicle. This ‘transport 
experience’ may have been perceived differently by the individual animals.

Conclusions

Such field studies do inevitably involve constraints such as an inability to 
standardize external  factors thereby complicating interpretation of the results. 
Therefore, the results of our study should be interpreted with care and regarded 
as hypothetical. Accordingly, the conclusions may be laid down as follows:
The results of our study did not provide clear evidence that heifers transported 
(under Cattle Cruiser conditions) with a 9-hour overnight stop had a profound 
welfare benefit compared to heifers transported (conventionally) with an one-
hour stop after 14 hours of transport. However, it did provide the following 
indications that the 9-hour stop overnight had important advantages for animal 
welfare:

• After feeding, the rumination activity during the 9-hour resting period 
on the vehicle was similar (duration and peak) to the rumination 
pattern in the home environment prior to the journey.

• Providing a stationary environment during the night and during 
several hours after feeding has a positive effect on both eating 
duration and rumination pattern. Attention must be given to provide 
sufficient space to enable each animal to lie down during the night.
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Abstract

To improve animal health and welfare of veal calves, since 1997, the European Union 
made mandatory the provision of a minimum daily amount (50 to 250 g) of fibrous 
feed in addition to the milk replacer diet. However more recently, the high costs of milk 
replacer ingredients have become an economic incentive to increase the amount of 
fibrous feed provided to the calves as partial substitute of the milk replacer. Solid feed 
provision has been shown to decrease abnormal behaviours such as oral stereotypes 
and improving calves rumination and rumen development. Moreover, increasing 
labour cost and herd sizes of the Italian veal sector have supported a growing interest 
by the calf producers towards the mechanization of the solid feed delivery. 
The main purpose of this paper is to show how the implementation of mechanized 
feeding systems can improve feed intake control, feeding rate and delivery efficiency 
if compared to the manual delivery of the solid portion of calves diet. Indeed, manual 
feeding is the most diffused system in veal calves dairy farm but exhibits many 
disadvantages in terms of distribution homogeneity and labour costs for the livestock 
farm. The study focuses on the results of an electric self-propelled prototype tested 
in a veal calves farm, allowing mixing of all solid feed ingredients and control of the 
weight of the feed delivered to each manger. It is shown how nutritional homogeneity 
can be improved, reducing deviations by a factor of 4 with respect to manual delivery 
in the case of crude protein and neutral detergent fiber. Additionally it is shown how 
single ration quantity variability can be reduced from over 30% in the case of manual 
delivery to less than 10% in the case of mechanized delivery. 

Keywords: veal calf, solid feeding, delivery efficiency, distribution homogeneity.

Introduction

Optimizing solid feed efficiency for veal calves has gained interest since the approval 
of European Union legislations (Council Directives 1997/2/EC, 2008/119/EC) on 
compulsory provision for welfare purpose of a minimum amount of fibrous feed in 
addition to the milk replacer diet. According to these directives, calves should be 
provided daily with an increasing quantity from 50 to 250 g of solids from weeks 8 
to 20 of age. 
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Recently, the increasing prices of milk replacers have become an economic incentive 
to their partial replacement with increasing amounts of fibrous feed. In particular, the 
reference price of the skim milk powder is increased to over € 3 per kg and whey powder 
cost has doubled over the last 5 years (USDA, 2014). A further incentive to the solid feed 
inclusion in the veal calves diet came from the encouraging results regarding growth 
performance, forestomach development and health status (Cozzi et al., 2002; Berends 
et al., 2012; Prevedello et al., 2012). Fibrous feed has shown to reduce the frequency 
of signs of chronic stress and impaired welfare such as non-nutritive and abnormal oral 
behaviours, (Mason & Rushen, 2008) and to promote rumination and rumen development 
(Di Giancamillo et al., 2003; Suarez et al., 2006). Nowadays, the daily quantities of solid 
feeds delivered to calves in commercial fattening units are significantly greater than the 
imposed legal limits, and they frequently exceed 1000 g per calf over the last weeks of 
fattening. 
In most farms, the daily dose of solid feed is manually delivered twice a day right after 
the milk meal, requiring more labour time and precision by the stockman. The need to 
prepare (mix) and deliver large amounts of fibrous feed on a daily basis has supported 
the growing interest of the producers towards the mechanization of this feeding practice. 
Moreover, the mechanization of the solid feed delivery would allow to increase the 
number of feed distributions reducing the amount of solids supplied per meal (Bisaglia 
et al., 2010). Even though a generalization is not always possible, some positive effects 
of feeding frequency on cattle behaviour and performance have been reported in some 
studies (Phillips et al., 2001; Mӓntysaari et al., 2006). In particular, De Vries et al. (2005) 
showed that frequent delivery of feed allows reducing the degree of feed sorting. Further 
aspects that might promote the solid feeding mechanization concern the possibility to 
partially reduce time needed for the completion of operations, allow a more flexible 
working schedule for the farm crew, increase ergonomy and minimize the workload 
(Hedlund, 2008; Grothmann et al., 2010). Finally, a mechanized solid feed delivery 
system supported by a scale device could improve the precision feeding of a cattle 
category such as the veal calf that is fattened according to a strict feeding program that 
changes weekly. 
The aim of this study is to compare the accuracy of the traditional manual delivery of solid 
feeds with a mechanized precision delivery system, consisting an electric self-propelled 
machine. The comparison was carried out in terms of solid quantities and nutritional 
quality in a veal calves farm. 

Material and methods 

Animals, feeding plan and management
A test trial was carried out at in a commercial veal calf farm located in the Veneto region 
(Italy), using 18 Italian Friesian male calves at day 188 of fattening. Calves were housed 
in 3 collective pens of 6 animals each located in the same fattening unit balancing to their 
initial body weight. 
Their fattening cycle started in August 2014, and the feeding plans were restricted in terms 
of both milk replacer and solid feed. The daily amount of milk replacer was delivered in 
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2 equal meals in a common manger, progressively increasing during the fattening cycle. 
Feeding plan consists on solid feed delivered twice a day in a common manger right after 
the milk replacer. All calves received the same solid diet containing 27.6% corn grain, 
17.2% corn silage, 27.6% CM1 (commercial mixture) and 27.6% CM2 (commercial 
mixture). The chemical compositions of these components are reported in Table 1. 
Provision of this solid feed is increased weekly from the initial 50 g/calf up to 1050 g/
calf (as fed) at day 188 of fattening (the sampling day). 

Table 1. Chemical composition of solid feed components delivered to veal calves; where 
DM is Dry Matter, CP is Crude Protein, EE is Ether Extract, NDF is Neutral Detergent 
Fiber and NFC is Non-Fiber Carbohydrate.

Solid feed components (% of inclusion)
Corn grain

(27.6%)
Corn silage

(17.2%)
CM11

(27.6%)
CM22

(27.6%)
DM, % 86.9 ± 0.1 31.8 ± 0.2 86.4 ± 0.4 88.9 ± 1.8
CP, % DM 8.1 ± 0.1 8.4 ± 0.2 11.0 ± 0.1 16.1 ± 0.8
EE, % DM 3.70 ± 0.02 2.9 ± 0.5 3.1 ± 0.3 3.9 ± 0.6
NDF, % DM 8.4 ± 0.7 44.4 ± 0.8 27.9 ± 1.0 16.3 ± 1.5
NFC3 78.6 ± 0.8 39.5 ± 1.3 53.7 ± 0.2 57.5 ± 0.3
Starch, % DM 69.6 ± 0.5 28.5 ± 1.2 47.2 ± 0.7 49.9 ± 0.4
Ash, % DM 1.2 ± 0.03 4.7 ± 0.2 4.3 ± 0.9 6.1 ± 0.3

1 CM1 = commercial mixture mainly contained corn grain, corn gluten and wheat straw. 
2 CM2 = commercial mixture mainly contained barley, flaked corn, oat, corn grain, corn 
gluten and soybean proteins.
3 NFC = Calculated as 100 − (NDF + CP + EE + ash).

Delivery systems and samples collection
Calves received their daily dose of solid feed with the traditional (manual) delivery 
system and with a mechanized delivery system. In the case of the traditional feeding 
system, the solid ration was carried from the mixing location to the feeding alleys (0.99 
m wide) within mobile metallic wagons and it was provided manually in the manger 
with plastic bailers. The mechanized delivery system took advantage of a prototype of an 
electric self-propelled machine, totally built by inox steel materials. The prototype sizes 
are: 0.70 m wide, 1.870 m long and 1.720 high. Its hopper volume is 0.75 m3, while the 
actual loading volume is 0.65 m3. It is characterized by an horizontal auger mixing device 
and two unloading devices provided with steel and rubber chutes that allow the discharge 
of the solid feeds directly into the manger. 
In order to analyse the delivered quantity of solid feed per pen per meal with both 
delivery systems, at day 188 of fattening the solid diet left in each manger was collected. 
38 samples (1 kg each) were made and immediately frozen at -20°C until subsequent 
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analyses. All samples for particle-weight distribution were separated using the Penn State 
Forage Particle Separator (Nasco, Fort Atkinson, WI, USA). According to theoretical 
percentages of components inclusion in the diet (27.6% corn grain, 17.2% corn silage, 
27.6% CM1 and 27.6% CM2), a sample of 1 kg was prepared and separated using the 
same Particle Separator to obtain the theoretical weights distribution of each component 
and to define an ideal reference ration (control delivery). 
Samples of each solid feed component were collected and chemically analysed for dry 
matter (DM), crude protein (CP), ether extract (EE), starch and ash according to the 
methods of the Association of Official Analytical Chemists (AOAC, 1990), and for NDF 
as proposed by Van Soest et al. (1991). The non-fibrous carbohydrate content (NFC) was 
calculated as 100 − (NDF + CP + EE + ash). 
Finally, according to particle-weight distribution and chemical composition of the solid 
feed components, the nutritional distribution along screens of all collected samples 
(manually and mechanically delivered) was calculated in order to obtain their nutritional 
deviation from theoretical nutrients distribution of the control delivery. 

Results and Discussion

The results of this study clearly highlighted the different performances of manual and 
mechanized delivery respect to the theoretical objectives of the control delivery. 
Regarding nutritional quality of solid feed, manually delivered samples showed higher 
variability of nutritional values (CP, NDF and starch) compared to the theoretical-control 
delivery. Mean deviations on the whole distributions converge to zero, therefore mean 
absolute deviations were considered in order to evaluate the nutritional gap from the 
control delivery (Figure 1). 

Figure 1: Mean absolute deviations from the control delivery [%] for manual and 
mechanical distributions: bars indicate standard deviation of mean absolute deviations. 
In particular, compared to mechanical distribution, manual delivery was characterized by 
two-three times higher nutritional mean absolute deviations: 2,81% vs 0,69% for crude 
protein, 1,96% vs 0,50% for neutral detergent fiber and 0,95% vs 0,53% for starch. Higher 
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accuracy and precision and consequent lower nutritional variability of the mechanized 
delivery is demonstrated monitoring the results of a whole alley distribution. 
Results reported in Figure 2 highlight a short term and a long term variability, with a 
growing trend for the same nutritional values discussed above.

MANUAL DELIVERY MECHANIZED DELIVERY

Figure 2: Absolute deviations [%] for manually (a, c, e) and mechanically (b, d. f) 
delivered nutrients: crude protein (a,b), neutral detergent fiber (c, d) and starch (e,f). 
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Indeed in all of the three cases, not only relevant differences are recognizable between 
neighbouring positions, but it is also evident how the first positions in the feeding alley 
have a lower amount of CP, NDF and starch if compared with last alley positions. On 
the other hand, apparent differences in the case of mechanized delivery are mostly 
ascribable to secondary material flow variations.
It would be interesting to quantify the economic impact of uneven manual delivery on 
solid feed expenditures. However, this is hardly achievable: indeed stockmen typically 
tend to increase or reduce delivered quantities at the end of the feeding line in order 
to compensate over or under delivery during the first feeding operations. Therefore 
such inhomogeneity has an indirect economic impact due to a worsening of calves 
welfare related to inadequate feeding rations (Marshall, 2009; Andrews et al. 2004). 
On the other hand it is possible to quantify labour time saving allowed by distribution 
mechanization. The prototype considered for the tests has a maximum speed of 1.3 
m/s (4,7 km/h) which is comparable to a typical manual distribution speed, typically 
comprised between 3 and 5 km/h in the case of expert workers and comprised between 
1 and 4 km/h in the case of beginners. Since the tested prototype has a double side 
distribution, it can equal human efficiency in case of single sided manger, while can 
double efficiency in case of double sided manger. Furthermore the horizontal auger 
keep on mixing during transfers and distribution, therefore static mixing time can be 
further saved. It is estimated that for a 60 m double sided alley, time saving can vary 
from 1 to 3 minutes. Considering multiple daily distribution, over one year a reasonable 
time saving of 10-15 hours can be expected for the 60 m double sided alley. 
Considering solid feed delivered quantities, the deviation of the provided quantities 
respect to the control delivery was calculated for both delivery systems, in the case of 
single 6 kg rations repeated for 24 distributions (Figure 3). 

Figure 3: Mean absolute deviation [%] for manually and mechanically delivered 
quantities, in the case of 6 kg rations distributions.

Once more, the manual delivery showed the highest mean absolute deviations 
compared to the mechanized system, confirming lower performances in term of 
delivered solid quantities. It is worth noting that mechanical distribution variability 
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is still quite high: such variability is ascribable to vibrations generated by movements 
at relatively high distribution speeds which had a negative effect on load sensors. 
However the performance can be further improved considering installation of specific 
shock absorbers. With regard to mixing times, only a negligible effect was evidenced by 
distribution tests (Figure 3).
During delivery operations effects of distributed ration variability in terms of quality 
(i.e. nutritional content) and quantity combine potentially affecting animals welfare. A 
mechanized system can provide not only higher homogeneity of nutritional facts but also 
higher accuracy of quantities, compared to traditional manual approaches. Indeed manual 
operations are characterized by imprecise, inaccurate and irregular delivery mainly due 
to the lack of quantitative controls at the stockman disposal for his daily activities. 

Conclusions

The present study investigated the precision level of one of the most important phases 
of veal calf fattening: the feeding provision. In most Italian farms, the daily dose 
of feed is manually delivered, without any control technologies. This experimental 
comparison highlight actual limits of manual delivery in terms of delivered quantities 
and nutritional qualities, orienting towards the application of new precision feeding 
technologies. 
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Abstract

Feeding cows in modern dairy farms is an important economic, animal welfare 
and technological consideration. The objective of this study was to use electronic 
monitoring systems to determine the effect of feed delivery frequency on the 
behavioural patterns and productivity of lactating dairy cows. Ninety three lactating 
cows were subjected to each of 2 treatments. Feeding treatments consisted of 2 
different frequencies (6×/d and 11×/d) replicated in 2 different 7 d periods. Lying 
behaviour of 8 cows randomly selected was electronically monitored, whereas video 
recording was used to quantify the feeding time of all cows. All individual-cow 
milking-related data were automatically collected. Frequency of feed delivery had 
no effect on daily feeding time, lying time and the lying bouts, but high feed delivery 
frequency did affect the distribution of the length of the lying bouts throughout the 
day, decreasing the number of bouts that lasted from 150 to 200 min (P < 0.01), and 
increasing the number of bouts that lasted from 100 to 150 min (P < 0.05). Feeding 
frequency affected the lying time (P < 0.05) and feeding time (P < 0.001) around 
the provision of fresh feed. Cows fed 6×/d tended to have a higher milk yield than 
those fed 11×/d, whereas dry matter intake and utilization of the automatic milking 
system did not vary by treatment. Based on these results, high feed frequency can 
be beneficial for even distribution of feeding time through the day, but very high 
feeding frequencies may disturb the lying behaviour (length of lying bouts) of cows.

Keywords: feeding frequency, behaviour, dairy cow, automatic feeding system, 
automated monitoring systems

Introduction

Feeding strategies of cows in modern dairy farms are important from both an 
economic and technologic point of view. The cost and the larger quantity of feeds 
to be handled for the larger and higher yielding herds, stimulate interest in efficient 
utilization of feed. The delivery of feed was shown to have the greatest impact 
in terms of stimulating dairy cows to feed (DeVries and von Keyserlingk, 2005). 
Delivery of the total mixed ration (TMR) in conventional feeding schedules to 
lactating dairy cattle for most dairy operations is typically twice per day. However, 
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many producers elect to feed their cows only once per day to keep the labour cost 
to a minimum. More recently, automatic feeding systems (AFS) for TMR have been 
developed, based on either existing technologies or on complete new concepts. The 
main advantage of AFSs is the possibility to supply a TMR with a high frequency 
and a low labour input (Belle et al., 2012).
Several studies were aimed at the effect of feeding frequency on the performance, 
mainly on dry matter intake (DMI) and milk production (Shabi et al., 2005; Phillips 
and Rind, 2001; Mäntysaari et al., 2006), and on the behaviour of dairy cows 
(Devries et al., 2005; Hart et al., 2014). The feeding frequency strongly influenced 
the feeding behaviour (DeVries and von Keyserlingk, 2005; Devries et al., 2005) as 
well as the lying behaviour (Phillips and Rind, 2001; Mäntysaari et al., 2006). Lying 
behaviour in free-stall barns is affected by design and management factors, including 
milking and feeding management (DeVries and von Keyserlingk, 2005; Overton et 
al., 2002). The range of the feeding frequencies in these studies was between 1× and 
5×/day and the cows were milked in a conventional parlour, with a frequency of 2× 
and 3×/day.
Electronic data loggers are widely available and can be used to effectively analyse 
cow behavioural patterns), but they require investments in labour, equipment, time 
and money (Mattachini et al., 2011 and 2013).Video recording systems compared 
with current data loggers provide a more complete view of all behaviours, in 
particular for feeding behaviour, and is a valuable tool for investigating dairy cow 
behavioural patterns (Overton et al., 2002).
The objective of this study was to know what the effect is of high feed delivery 
frequencies that are possible with AFS on the behavioural patterns and productivity 
of lactating dairy cows.

Materials and Methods

Animals and housing
The study was conducted between December 2010 and January 2011 at a commercial 
dairy farm in Friesland (Netherlands), where animals were milked with an AMS 
(DeLaval VMS, DeLaval International AB, Tumba, Sweden) and fed by an AFS 
(Mix Feeder, Skiold Mullerup, Ullerslev, Denmark). At the beginning of the study, 
the barn, housed 93 lactating Holstein-Friesian cows, 21 primiparous and 72 
multiparous (parity = 2.7 ± 1.5, DIM = 138.3 ± 111.5, milk yield = 31.6 ± 9.7 kg/d; 
mean ± SD), and featured a loose-housing layout with a total of 141 cubicles with 
rubber mats covered with sawdust, and 61 feeding places (0.57 feeding place/cow 
ratio). The milking area consisted of two AMS units and a closed-in waiting area in 
front of the unit entrance. One-way gates controlled entrance and exit to the waiting 
area. The animals had access to the AMS units 24 h/d, except at times for system 
cleaning (3 times a day at 4:00, 11:00, 20:00). Cows with an interval longer than 
12 h since the last milking were fetched, and the minimum time interval between 2 
milkings (6-12 h) was a function of milk yield per cow. All cows were fed one mixed 
ration (MR) (average of 36.3 kg/d per cow) and concentrates were supplied in the 
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AMS and by two automatic concentrate feeders, placed in the central passage of the 
lying area. The amount of concentrate (on average 2 kg/d per cow) was a function of 
the milk production, DIM and parity of the cows. The MR consisted of 70.5% grass 
silage, 23.3% corn silage, 2.4% rape straw, 3.7% soybean meal and 0.1% mineral 
and vitamin mix on a DM basis.

Experimental design
Treatments consisted of two different frequencies of MR distributions replicated in 
2 periods. Each treatment period lasted 7 d, in which 3 d of an adjustment period 
(Devries et al., 2005) were followed by 4 d of data collection on the treatment (Ito et 
al., 2009). The first period started with high frequency treatment (11×/d, the standard 
practice) followed by low frequency treatment (6×/d), while in the second period 
the treatments were switched from low to high frequency. The two treatments were 
1) 11×/d (at 2:00, 5:00, 7:00, 8:30, 10:30, 12:30, 14:30, 16:30, 18:30, 20:30 and 
22:30 h) and 2) 6×/d (at 2:00, 6:00, 10:00, 14:00, 18:00 and 22:00 h). The low feed 
schedule (6×/d) was defined to create uniform intervals between feedings (4 h) and 
the quantity of each feed delivery (16.7%), respect the standard practice based on 
farm feeding management (intervals between feedings from 1.5 to 3.5 h; and quantity 
of each delivery of 6.7 and 13.4%). In each treatment, feed was pushed up at 13:45, 
and 15:45 h by the AFS. The AFS assembled the ingredients for the MR and mixed 
them immediately prior to delivery to the cows by a mixer-feeder wagon. Different 
types of forage were stored in silage-bunkers, which were filled using a telehandler 
with front loader once every 2-3 days.

Behavioural data collection
Lying behaviour patterns of 8 lactating cows randomly selected, 2 primiparous and 
6 multiparous (parity = 3.4 ± 1.8, DIM = 188.4 ± 139.5 at the beginning of the 
data collection period), were automatically recorded using two types of electronic 
data loggers (HOBO Pendant G Data Loggers and IceTag Activity Sensors). Cows 
exhibiting health problems were excluded.
HOBO Pendant G Data Loggers (Onset Computer Corporation, Pocasset, MA) were 
utilized to measure the leg orientation at 1 min intervals and to collect the lying 
behaviour data electronically (Mattachini et al., 2013). The devices were attached to 
the lateral side of the right hind leg of the cows by using veterinary bandaging tape 
(Vet-flex, Kruuse group, Langeskov, Denmark) in a position such that the x-axis of 
the data logger was perpendicular to the ground. The degree of vertical tilt of the 
x- and z-axis was used to determine the lying behaviour (Mattachini et al., 2013).
IceTag Activity Sensors (v. 2.004, IceRobotics Ltd., Edinburgh, UK) were used to 
sample acceleration with a frequency of 8 Hz, and to determine the percentage of 
time the cows spent lying for each recorded second (Mattachini et al., 2013). IceTag 
sensors were attached to the lateral side of the right hind leg above the fetlock by 
means of a strap with a buckle. Lying behaviour was classified for each recorded 
event based on the IceTag-recorded intensity thresholds (Mattachini et al., 2013).
Data collected by the data loggers were used to calculate lying times (h/d), bout 
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frequency (n/d) and average bout duration (min/bout) for each treatment. Pre-feeding 
and post-feeding lying time (min/h) was calculated as the average lying time per 
cow during the 60 min before and following provision of each fresh feed delivery 
(feeder wagon starts automatic feed distribution). The length of these 60 min periods 
was identified in an explorative analysis as the times when behaviour of cows was 
especially influenced by feed delivery (DeVries and von Keyserlingk, 2005).
Feeding time of the dairy cows was continuously recorded by video recording system 
for the complete duration of the study. The video recording system consisted of 4 
infrared day/night weatherproof varifocal cameras (420SS-EC5, Vigital Technology 
Ltd., Sheung Wan, Hong Kong) connected to a 4-channel video capture card (Huper 
Laboratories Co., Ltd., Taipei, Taiwan) in the recording PC. The 4 cameras were 
attached to beams in the barn approximately 5 m above the pen floor. The feeding 
time of cows was scored from video using instantaneous scan sampling once every 
15 min (Mitlöhner et al., 2001) for 4 d per treatment. For each scan, cows were 
recorded as feeding when its head was completely past the feeding fence (DeVries 
et al., 2005). These scans were then used to calculate the daily time spent feeding. 
The daily feeding time was calculated as the average for 24 h in each treatment day 
(4 d). Feeding time was also calculated for the 60 min period following the provision 
of fresh feed (DeVries and von Keyserlingk, 2005). The video analysis was carried 
out by trained observers with an inter-observer reliability of 98.1% agreement for the 
behaviour analysed. Reliability was expressed as a Pearson correlation coefficient (r 
= 0.96, P < 0.001).

Automatic milking system and milk production
Milking-related data for all cows, including time of entrance to and of exit from 
the AMS and production per visit, were automatically collected by the AMS and 
stored as log files. The milking duration was calculated as the difference between the 
times that a cow entered and exited the AMS. The log files were pre-processed with 
the support of MS-Excel2007, and the mean milk yield (kg/d), milking frequency 
(n/d), milking duration (min/m) and refusal frequency (n/d) on per cow basis were 
calculated for each day.
 
Feed sampling and analysis
The amount of MR offered was recorded automatically each day by the AFS, whereas 
the weight of the orts was manually recorded before the first feed delivery of the next 
day. Representative samples of the MR and orts were taken every day for all 8 d of 
data collection of each treatment. Dry matter content of the samples was determined 
by drying at 105°C for 20 h. Dry matter intake for each day of a treatments was 
recorded by subtracting the DM weight of the orts from the DM weight of the feed 
delivered by the AFS.

Statistical analysis
Data collected during the study were analysed using SAS (Statistical Analysis 
System, version 9.2, SAS Institute, 2008). Lying behaviour, milk yield, DMI, 
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feeding time and AMS utilization were analysed using the GLM procedure of SAS. 
Least squares means and standard errors were determined using the LSMEANS and 
STDERR statement in PROC GLM of SAS. In the statistical analyses, significance 
was declared when P < 0.05. A tendency was declared when P < 0.10.

Results

Results for the effect of feeding frequency on the lying behaviour of the 8 monitored 
dairy cows are presented in Table 1. The frequency of feed delivery had no effect 
on total daily lying time. The feeding frequency did affect the lying time in the 
hour before and after the provision of fresh feed. Feed delivery 6× compared to 
11× significantly increased pre-feeding lying time (32.77 vs. 28.88, min per cow, 
respectively; P < 0.03), and decreased post-feeding lying time (26.85 vs. 30.84, 
min per cow, respectively; P < 0.05). We observed no effect of treatment on the 
bout frequency and bout duration, but high feed delivery frequency did affect the 
distribution of the length of the lying bouts throughout the day. Cows fed 11× 
compared to those fed 6× decreased the number of bouts that lasted from 150 to 200 
min (P < 0.01), and increasing the number of bouts that lasted from 100 to 150 min 
(P < 0.05).

Table 1: Effect of feeding frequency on lying behaviour of 8 dairy cows randomly 
selected (least-squares means)

Treatment Effect
Lying behavior1 11×2 6×2 SE3 P-value
Lying time (h/d) 12.13 12.25 0.29 0.77
Pre-feeding lying time (min)4 28.88 32.77 1.29 0.03
Post-feeding lying time (min)5 30.84 26.85 1.43 0.05
Bout frequency (n/d)   9.14   9.66 0.46 0.43
Bout duration (min/bout) 88.33 83.51 3.49 0.33
Bout length < 50 min (n/d)   3.06   3.33 0.39 0.68
Bout length 50-100 min (n/d)   2.69   3.31 0.40 0.38
Bout length 100-150 min (n/d)   2.58   2.06 0.08 0.05
Bout length 150-200 min (n/d)   0.56   0.73 0.01 0.01
Bout length > 200 min (n/d)   0.23   0.16 0.06 0.42

1Data averaged over 8 d for 8 cows randomly selected on each treatment.
2Treatments: 11× = feed delivery 11 times a day; 6× = feed delivery 6 times a day.
3Standard error.
4Average lying time per cow during the 60 min before provision of each fresh feed 
delivery.
5Average lying time per cow during the 60 min following provision of each fresh 
feed delivery.
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Table 2 showed the effect of treatment on feeding time, milk yield, DMI and utilization 
of AMS for all dairy cows during the study. As for lying behaviour, frequency of feed 
delivery had no effect on daily feeding time.

Table 2: Effect of feeding frequency on feeding time, milk yield, DMI and utilization 
of AMS (least-squares means)1

Treatment Effect

11×2 6×2 SE3 P-value
Daily feeding time (min/d)4 291.6 296.0 4.2 0.48
Post-delivery feeding time (min)5 15.53 21.52 0.67 0.001
DMI (kg/d) 13.43 13.35 0.23 0.82
Milk yield (kg/d) 31.43 32.28 0.29 0.06

Utilization of AMS
Milking frequency (n/d)   2.86   2.87 0.04 0.85
Milking duration (min/m)   7.46   7.55 0.05 0.20
Refusal frequency (n/d)   2.17   2.04 0.16 0.57

1Data averaged over 8 d for 93 cows on each treatment.
2Treatments: 11× = feed delivery 11 times a day; 6× = feed delivery 6 times a day.
3Standard error.
4 Data averaged over 4 d on each treatment.
5Average feeding time per cow during the 60 min following feed delivery (4 d).

We did find a significant difference in the feeding time after the provision of fresh 
feed (Table 2; P < 0.001). Cows spent more time feeding during the 60 min following 
delivery of feed when they were fed 6× (21.5 min per cow) than when they were 
fed 11× (15.5 min per cow). This difference is shown in the percentage of cows at 
the feeding fence over the 24 h of the day (Figure 2). When cows were fed 6×, the 
presence of cows feeding during the period immediately following delivery of fresh 
feed increased compared with the frequency of 11×. Further, we noted a substantial 
increase in the number of cows at the feeding fence after the delivery of fresh feed in 
the morning at 2:00 and 6:00 h, and late evening at 22:00 h when cow were fed 6× 
compared with when they were fed 11×. For both treatments, the effect of delivery 
of fresh feed on feeding activity was clear.
Cows fed 6×/d tended to have a higher milk yield than those fed 11×/d (32.3 kg/d and 
31.4 kg/d per cow, respectively; P < 0.10), whereas there was no difference in DMI 
when cows were fed 11× compared with when they were fed 6× (13.43 vs. 13.35 
kg kg/d per cow, respectively). We found no feeding treatment effect on milking 
frequency, milking duration and refusal frequency (Table 2).
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Figure 1: Percentage of cows at the feeding fence over a 24 h period (percentage for 
each 15 min interval during the day) for the 2 treatments feed delivery 11×/d and 
6×/d. Data are averaged for 4 d and 93 cows on each treatment. Solid black and grey 
bars indicate time of each delivery and quantity (%) of feed delivered at which the 
cows fed 6× and fed 11×, respectively.

Discussion

Our results correspond with those reported in previous studies (DeVries and von 
Keyserlingk, 2005; DeVries et al., 2005; Hart et al., 2014), who showed that feed 
delivery frequency (from 1× to 4×/day) did not affect daily lying time. The present 
study found no effect of feed delivery frequency also on daily feeding time, which is 
in agreement with previous work (Phillips and Rind, 2001; Hart et al., 2014). These 
results contradict with those of DeVries et al. (2005) who found that increased feed 
delivery frequency is associated with increased time spent feeding. This difference 
in results may be attributed to high differences in frequencies of feed distributions 
(6× and 11×/day respect to 1× and 4×/day) and milking procedure (AMS respect to 
conventional milking). However, we observed that the frequency of feed delivery 
affected the daily distribution of lying time and the lying time during the 60 min 
before and following the provision of fresh feed, which is consistent with research 
reported by DeVries et al. (2005). Cows fed 6×/d probably tended to spend a longer 
time feeding, idle or standing on the feeding area after feed delivery. This reflects the 
fact that when the cows were fed 6×, they increased the time spent feeding during 
the period following feed delivery as found by DeVries et al., (2005). This could 
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show that the cows more evenly distributed their feeding time through the day with 
more spread out of feed intake and reduced competition when feed was delivered at 
a higher frequency.
In the studies by DeVries and von Keyserlingk (2005) and DeVries et al. (2005), the 
daily distribution of lying time was also influenced by frequency of feed delivery 
and feeding times. In this study, we observed that the feeding frequency affected 
the distribution of the length of the lying bouts. The 6× feeding frequency affected 
the longer lying bouts (100 to 200 min) but not the shorter bouts (< 100 min). The 
possible explanation may be that cows fed 6×/d are motivated to feed less frequently 
having more time to lie down continuously between deliveries of fresh feed, as 
demonstrated to fact that lying has a higher priority over feeding (Munksgaard et al., 
2005). Instead, cows fed 11×/d interrupt the longer lying bouts, caused by less time 
between feed deliveries. In other words, a very high feeding frequency may disturb 
the length of lying bouts of the cows and thus decrease animal welfare.
Lower feeding frequency had showed a tendency to increase in milk yield, without 
a variation of DMI. Some studies indicate that milk production was associated with 
feed intake (Phillips and Rind, 2001), but has also been shown to be correlated 
with time spent feeding (Shabi et al., 2005). Milk production may be increased by 
encouraging cows to spend more time feeding (Shabi et al., 2005). Therefore, it is 
possible that the increase in feeding times after feed delivery and longer lying bout 
in the present study in response to 6× frequency of feed delivery could translate 
into a tendency to increase milk production. Feeding frequency had no effect on the 
utilization of AMS. Our results for the effect of the feeding system on the milkings 
and refusals frequency are consistent with those of Oostra et al. (2005) and Belle et 
al. (2012), who concluded that the feeding frequency had no significant effect on the 
number of daily milkings and refusals per cow.

Conclusions

Feed delivery frequency affected the distribution of lying bouts and altered the 
pattern of lying and feeding time throughout the day, affecting mainly the time spent 
around the provision of fresh feed. Based on these results, high feed frequency can 
be beneficial for even distribution of feeding time through the day, a more spread out 
feed intake and reduction of competition, but may disturb the lying behaviour (length 
of lying bouts) of cows and thus influence animal welfare and milk production.
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Abstract

Current feed intake monitoring technologies require systems that obstruct the 
workflow of the farm as well as alter the natural feeding behavior of cow.  This 
research was conducted to examine the use of a machine vision camera with a 
depth camera sensor to determine the amount of feed volume in a bin.  From 
these volumetric values, a correlation to scale weight could be determined and 
the volumetric information converted into weight values.  These image weight 
values were then compared to scale-measured weight values of the same feed 
at different known weight values.  The results show that such a machine vision 
depth camera sensor can be utilized to accurately determine the volume and 
weight of feed in a scene.
 
Keywords: machine vision, structured light illumination, feed intake, image 
analysis, precision dairy farming

Introduction

Precision Dairy Farming is the use of technologies to measure physiological, 
behavioral, and production indicators on individual animals to improve 
management strategies and farm performance (Bewley and Schutz, 2010).  An 
automated feed monitoring system has the potential to monitor the amount of 
feed consumed by the individual cow and correlate this with the productivity of 
that cow.  Feed intake is a major determinant of energy intake and consequently 
of milk production (VandeHaar and St-Pierre, 2006).  One method of monitoring 
dairy cow feed intake is by simply utilizing human visual inspection to monitor 
the amount of feed output and consumed, such as the research conducted by Bach 
et al. (2004), but the difficulty in manually collecting data at the time of feeding 
limits the extent of this type of monitoring (Friggens et al., 1998).  The objective 
of this study was to assess the usefulness of a novel machine vision camera in 
measuring individual dairy cow feed intake.  The machine vision system of this 
research attempted to address the issue of proof of concept that such a system is 
indeed capable of automated individual feed intake monitoring.
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Materials and Methods

The bin used to hold the TMR was a Rubbermaid® 3501 Food/Tote Box 
(Rubbermaid Commercial Products, LLC., Winchester, VA) with dimensions of 
66.0 cm in length, 45.7 cm in width, and 38.1 cm in depth for a total volume 
capacity of 81.4 L or 0.29 m3 and a maximum weight capacity of 23.98 kg.  
A digital scale (ROYAL™ 17016G 315-lb freight scale (Royal Consumer 
Information Products, Inc., Bridgewater, New Jersey)) which measures weight 
with an accuracy of within 0.0045 kg was employed for obtaining feed weight 
measurements.  The two TMRs shown in Table 1 were tested in this research at 
2.27 kg intervals up to 22.68 kg.

Table 1.  Ingredient and dry matter content of the TMR experimental diet compositions 
tested in the experimental setups

Composition TMR 11 TMR 22

(% of DM)

Corn Silage 44.66 34.25

Alfalfa Silage 25.59 12.69

Cottonseed Whole 2.78 5.84

Alfalfa Hay 2.78 4.89

Grain Mix 24.19 42.33

1TMR 1 is tested in the first experimental setup.
2TMR 2 is tested in the second and third experimental setups.

For measuring volume, the research employed the use of a PrimeSense™ 
Carmine 1.08 RGB+depth sensor (PrimeSense™, Tel Aviv, Israel), which works 
by projecting a pseudo-random dot pattern from a near-IR laser illuminator and 
then using a near-IR camera to detect constellations of points.  The position of 
these constellations within the camera’s field of view determines how far the target 
surface is from the sensor.  Positioning the sensor over the feed bin then creates 
an opportunity to measure the feed in the bin simulating the times before and 
after a cow has fed from the bin.  In order to develop an accurate 3D model of 
the feed bin, a series of successive images must be captured and merged together.  
Example image captures are shown in Figure 1A-D with the final merging of all 
14 successive images of the same sample shown in Figure 1E.  The PrimeSense™ 
camera was installed onto an 80/20® aluminum frame as shown in Figure 1F.  
KScan3D™ (LMI Technologies, Inc., Delta, British Columbia, Canada) was used 
to merge the images of each sample in real-time.



Precision Livestock Farming ‘15484

Figure 1. Fourteen successive images and data point clouds were captured for each 
incremental bin test weight of feed and then merged into a single output image and 
data point cloud.  Initial image capture (A) is taken at an angle perpendicular to the 
left side of the feed bin and in line with the viewpoint of the observer of the image. 
Image capture with the camera located at the rear side of the bin (B) where the 
camera is to the right of the observer. Image capture with camera perpendicular to 
the right side of the bin (C) with the camera positioned opposite the observer. Image 
capture with the camera at the front side of the bin (D) with the camera positioned to 
the right of the observer. Final merged image and data point cloud (E) which shows 
little to no points of data occlusion. The system architecture and setup (F) with the 
arm of the frame and camera extended outwards at full length.  The camera in this 
positon is perpendicular to the front side of the feed bin.  Markers were placed on the 
floor to ensure the same placement of the bin for every image capture.

Three experimental setups were tested.  The first setup placed the distance between 
the camera lens and the floor at 99.1 cm and 14 successive images were captured 
with the camera circling the feed bin in a clockwise manner. These images were then 
merged together to develop a final 3D model of the feed bin and feed surface.  In the 
second experimental setup, the distance between the camera lens and the floor was 
increased to 138.1 cm and the model rendering was conducted in the same manner 
as in the first experimental setup.  The third experimental setup kept the same 138.1 
cm distance, but changed the data collection from 14 image captures encircling the 
bin to just a single image capture centered over the bin.
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Results and Discussion

The linear standard error values achieved for the three experimental setups, in order, 
were 0.77 kg, 0.56 kg, and 0.57 kg.  The root mean square error (RMSE) for the 
linear models of the three experimental setups, in order, were 0.75 kg, 0.55 kg, and 
0.56 kg.  The quadratic standard error values achieved for the three experimental 
setups, in order, were 0.58 kg, 0.43 kg, and 0.24 kg.  The RMSE for the quadratic 
models of the three experimental setups, in order, were 0.57 kg, 0.42 kg, and 0.24 
kg.  These results show that the quadratic model single image capture system has the 
least statistical error and, therefore, has the best model fit to the data.

Figure 2. The above plots show the collected data samples plotted along with 
linear (solid line) and quadratic (dashed line) regression curve models fit to the 
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data comparing the known scale weight to the derived image volume value.  The 
equations of fit and R2 values are shown at right for linear models (in bold) and 
quadratic models.  These results show that although a strong linear fit is correlated 
between the two variables, R2 = 0.99, a quadratic fit provides a slightly stronger 
correlation, R2 > 0.99. 

Figure 3.  The plots above show the residuals (top row), 95% prediction intervals (middle 
row), and 95% confidence intervals (bottom row) for linear (left) and quadratic (right) 
regression analysis for the first experimental setup with image volume values converted 
to kilograms.  The residuals show that a quadratic correlation is the better fit for the two 
variables of scale weight and image weight.  The increasing variance exhibited in the 
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quadratic residuals plot is due to the increasing error of the depth camera sensor as scene 
information reaches the lower optimal operating range of the sensor.  The increasing 
variance clearly demonstrates the inherent axial and lateral noise of the depth camera 
sensor.  In order to reduce the effects of these noise errors on the accuracy of the system, 
the camera was moved to a higher distance from the feed surface. 

Figure 4. The plots above show the residuals (top row), 95% prediction intervals 
(middle row), and 95% confidence intervals (bottom row) for linear (left) and 
quadratic (right) regression analysis for the second experimental setup with image 
volume values converted to kilograms.  These results still exhibit the same quadratic 
relationship as the first experimental setup, but the variance is not increasing as 
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before.  The relocation of the camera to a distance of 138.1 cm from the floor to 
camera lens is much more suitable than a distance of 99.1 cm.  The majority of 
residual errors now fall below 1 kg of difference between scale weight and image 
weight.

Figure 5.  The plots above show the residuals (top row), 95% prediction intervals 
(middle row), and 95% confidence intervals (bottom row) for linear (left) and 
quadratic (right) regression analysis for the third experimental setup with 
image volume values converted to kilograms.  These results show a very strong 
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correlation of scale weight and image weight.  This third experimental setup 
again exhibits the same quadratic relationship, but the residual errors are nearly 
half their value than either of the previous experimental setups.  These results 
show that a single image capture system placed directly over the feed bin is more 
accurate than a system that requires multiple image captures merged together.

Figure 6. A test scan was conducted on a random sample of the feed ration 
of this research study of 4.99 kg laid out on the floor in such a manner as to 
mimic a pile of feed after being visited by a cow. Fourteen successive images 
together with data point cloud information were captured and merged together 
into a final single image and data point cloud representing the sample (A).  Items 
included in the sample that were not feed, including empty floor space and frame 
material, were manually removed from the sample data (B) and the resulting 
depth information can be seen.  The final data point cloud was able to accurately 
reproduce a mesh (C) of the feed sample which was then converted to an image 
volume value which ultimately was derived into a feed image weight value.  
The scale-measured feed weight was 4.99 kg and the computer-predicted image 
weight value was 4.9928 kg.

Conclusions

The experimental system tested in this research provided accurate determination 
of feed weight values derived from the conversion of depth information from 
a machine vision camera when these values were compared to scale-measured 
weight values of the same feed.  The ability of this system to be employed 
in a manner that does not inhibit the feeding behavior of cow or obstruct the 
workflow of the farm is a marked improvement over similar existing feed intake 
monitoring technologies.
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Abstract

The hypothesis of this research was that livestock movement is related to feed 
availability and therefore spatial and temporal livestock information. Collected 
through autonomous position tracking devices, this may be used as an indicator 
of available feed. Two separate experiments were undertaken in which grazing 
cattle were tracked with store-on-board GPS. Additionally, pasture biomass was 
monitored with active optical sensing and manual cuts throughout the duration 
of the experiments. Cattle grazing behaviour was determined from the GPS data 
with speed-based behaviour models. The time cattle spent grazing per day altered 
with changing pasture biomass in both experiments. The daily time spent grazing 
was commonly found to initially be almost constant before following a quadratic 
trend, increasing before decreasing as available biomass declined. Development of 
behaviour models for autonomous livestock monitoring could assist producers with 
decisions related to rotation and feed management. 

Keywords cattle, grazing behaviour, livestock tracking, GPS

Introduction

The economics of a grazing enterprise depends on effective use of available biomass 
as feed. Pasture utilisation is often low in broad acre grazing systems and adapting 
grazing management for improving biomass utilisation requires temporal and spatial 
information of the feed available. However, often, regular and accurate pasture 
monitoring is difficult due to time, labour and access constraints. 
Recent developments of commercial livestock tracking systems for grazing cattle 
(Trotter 2012) highlight that on-farm use of such systems are nearing reality. A link 
between actual behaviours and the data collected by GPS tracking devices could 
be used to help graziers make key management decisions around grazing rotations. 
Therefore, the development of models based on key livestock behaviours could 
enable producers to make real-time management decisions. This could have a 
profound impact on the production efficiency of grazing operations by improving 
the ability of producers to match animal needs with available feed and optimise the 
impact of grazing on the plant system. This in turn could lead to increased pasture 
utilisation and positive environmental outcomes.
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The hypothesis of this research was that livestock movement in paddocks is related 
to feed availability. In addition the research aimed to identify if grazing behaviour of 
cattle, observed through position sensors, could be used to monitor decreasing feed 
availability. 

Materials and methods

Biomass monitoring
Paddock biomass quantity was monitored with an active optical sensor (AOS); Crop 
Circle™ ACS-210 (Holland Scientific, Lincoln, NE, USA) which has a field of view 
of 32° by 6° and records red and NIR reflectance values. The AOS was connected 
to a dGPS (Trimble Navigation Limited, Sunnyvale California, USA) and a Trimble 
TSCe Ranger Field computer coupled with a 1 Hz Trimble ProXRS dGPS receiver. 
Paddock transects were undertaken with the AOS to get an indication of reflectance 
across the pastures.

The reflectance detected by the AOS was calibrated to actual biomass based on the 
methods of Zhao et al. (2007) and Trotter et al. (2010a). This involved matching the 
footprint of the AOS to biomass at several sites across a paddock and comparing 
the reflectance with biomass attributes, determined by destructive sampling of that 
area. The biomass was harvested at 4 cm above the ground, sorted into components 
(i.e. green matter), dried for 48 hours at 90°C and weighed. The dried weights and 
reflectance were used to create a calibration curve by plotting vegetation indices 
(including NDVI and SAVI), derived by the red and NIR reflectance, against measured 
biomass attributes and fitting an equation in Microsoft Excel® of the relationship. 
The index and biomass dry matter with the highest coefficient of determination (r2) 
were chosen for estimating biomass. 
The error of prediction, root mean squared error (RMSE), was calculated in “R” 
(2012, Vienna, Austria) using the Data Analysis and Graphing package (Maindonald 
and Braun 2011). The AOS data was then interpolated by block kriging in Vesper® 
(Whelan et al. 2001) and the biomass prediction equation was applied to determine 
the approximate whole paddock biomass by averaging the estimated biomass values 
for each scan day. The estimated biomass was plotted by day and a curve fitted to the 
data. This curve allowed the estimation of biomass for each day of both experiments.

Cattle monitoring
UNETracker II GPS collars (Trotter et al. 2010b) were deployed on the cattle. The 
GPS devices were set to log in a multiple interval tracking (MIT) duty cycle. This 
was undertaken to address the trade-off between energy consumption and localisation 
performance of the devices. Allowing the device to shut down between position 
recording decreases the overall power consumption, but the uncertainty of position 
increases with the length of time a device is shut down (Jurdak et al. 2010). The GPS 
devices hibernated during the long interval, but not the short interval. As such, the 
battery-life was extended while minimising a reduction in device accuracy. 
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Data was processed in Excel® and ArcGIS® to remove any points outside the 
experiment period (travelling between the yards where collars were deployed and 
the grazing paddock) and incomplete or erroneous data. Incomplete data refers 
to data strings missing information. Erroneous data is positional information 
which exceeds the following distance thresholds; (i) more than 10 m outside the 
paddock boundary or (ii) a recorded location a large distance from both previous 
and succeeding logs. Descriptive statistics of the individual tracking devices were 
produced, including the number of logs recorded of the expected, satellites used to 
record fixes and average horizontal dilution of precision (HDOP).
Average speed for each location was determined by dividing the distance over 
the time interval of consecutive points. Based on the speeds calculated a model 
was applied to assign a behaviour to each location. The speed-based model was 
different in each experiment due to experimental design. The mean proportion of 
time spent grazing (or moving) by all animals monitored was calculated for each 
day of the deployment period by dividing the number of intervals between points 
classified in each behavioural category over the total number of intervals per day. 
Changes in grazing (or moving) behaviour were compared with estimated daily 
biomass for each group of cattle and rotation.

Experiment 1
Experiment 1 was undertaken at University of New England’s Douglas McMaster 
Research Station (150°36’0” E, 29°17’6” S WGS84). Two level, diagonally 
adjacent paddocks were used in this experiment: Paddock 1 (2.21 ha) and Paddock 
2 (1.76 ha). Paddocks were stocked with 50, Hereford, Angus and Hereford/Angus 
crossbred steers with a mean live weight of 277 kg (SD=21 kg). The animals were 
divided into two herds, each consisting of 25 Hereford/Angus cross steers. 

Paddocks were sown with forage oats (sp. Avena Sativa var. Warrego). Paddock 
surveys occurred on four occasions. Calibration included seven biomass sites on 
four occasions over the experimental period. The Soil Adjusted Vegetation Index 
(SAVI) (Huete 1988) (with a soil reflectance correction constant of 0.75) (Equation 
1), and dry green leaf biomass (DGLB) (kg/ha) had the strongest relationship. 
Thus, SAVI was used to estimate the DGLB of the paddocks on each day of the 
experimental period. A block size of 10 m and a grid size of 5 m were used for 
kriging. 

1)           , Where L = 0.75

The GPS devices we set to log four, 15-second-apart positions every 15 minutes. 
Behaviours derived from the cattle speeds were defined using the speed model 
developed by Putfarken et al. (2008). Each point was subsequently classified by 
speed as either stationary (<0.02 m/s), grazing (≥0.02≤0.33 m/s) or travelling 
(>0.33 m/s).
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Experiment 2
This experiment was undertaken at the Precision Agriculture Research Group 
Demonstration Site, University of New England (30°28’49”S, 151°38’34”E 
WGS84). There were six adjacent paddocks, each 0.35 ha. 
These paddocks were sown with tall fescue (sp. Festuca Arundinacea var. Dovey). 
Whole paddock biomass surveys were achieved every third day except for one 
occasion due to rain. Calibration sampling was completed on each survey day except 
for one and included harvesting nine cuts on each occasion. A representative sub-
sample of the calibration cut was divided into green and dead matter. These sub-
samples were dried and the results related to the sample. 
The Normalised Difference Vegetation Index (NDVI) (Rouse Jr et al. 1974) (Equation 
2) of the pasture reflectance and green dry matter (GDM) had the best relationship. 
As such, NDVI was used to estimate daily biomass. Block kriging for whole paddock 
biomass estimation was based on a block size of 7 m and a 1 m paddock grid. 

2)  

Experiment 2 included two grazing rotations, with rotation 1 lasting 14 days and 
rotation 2, 16 days. A herd of 18 three-year old Brahman/Angus crossbred steers of 
approximately 565kg (SD = 33kg) were split into three groups of six. For clarity the 
term ‘herd’ is considered to encompass all animals, while ‘mob’ refers to the three 
groups of 6 cattle. The three mobs were randomly allocated to an initial paddock, 
with an empty paddock between each to reduce inter-mob socialisation. The identifier 
for each mob and rotation is displayed in Table 1. 

Table 1. Mob rotation including mob and rotation number and identifier for the 
research herd.

Mob Rotation Identification
1 1 M1R1
2 1 M2R1
3 1 M3R1
1 2 M1R2
2 2 M2R2
3 2 M3R2

Collars were set to record 5 positions, spaced 15 seconds apart, every 15 minutes. 
An experiment specific speed-based behaviour model (details in Roberts, 2015) was 
developed during, and applied to, this experiment. The details of the development of 
this speed based-model have not been reported as it is outside the scope of the presented 
research. This model included two behavioural categories, ‘moving’ and ‘stationary’. 
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The moving category is considered to predominantly consist of grazing behaviour as the 
paddocks were very small. Small paddocks were necessary to ensure pasture biomass 
depletion occurred. Regular visual observations undertaken for the development of the 
model noted very little non-grazing moving behaviour throughout the experiment. The 
lack of travelling behaviour could be related to the small paddock area, with little distance 
required to reach camp areas, water or feed patches. The speed model for this experiment 
was stationary < 0.25m/s, moving ≥ 0.25 m/s. 

Results and discussion

Biomass monitoring
In experiment 1 there was an r2 of 0.91 between SAVI and DGLB. Biomass progressively 
decreased over the experiment duration. The RMSE was calculated to be 874 DGLB (kg/
ha). This RMSE equates to 12 % of the mean biomass which was 7,074 DGLB (kg/ha).
In experiment 2 the relationship between NDVI and GDM used for estimating whole 
paddock biomass had an r2 of 0.74. Both the measured and estimated biomass decreased 
during the two rotations over time. The RMSE was 632 GDM (kg/ha), which equates to 
34% of the mean biomass (1,851 kg/ha GDM).

Cattle monitoring in Experiment 1
Successful data capture was achieved for 78% of the cattle. The final number of cattle 
tracked with complete datasets in Paddock 1 was 18 and in Paddock 2, 21. The missing 
information was a result of collar loss in the paddock, GPS chipsets which had corrupt 
data, or large amounts of missing data due to device malfunction.

A summary of the descriptive statistics of the GPS collars deployed is presented in Table 
2. Values were the same for average satellites and HDOP for both herds. The percentage 
of expected positions logged actually received was 1% higher for Paddock 2. This falls 
within the range reported by other studies (90-100%) (Ganskopp and Bohnert 2006; 
Ganskopp and Johnson 2007; Johnson and Ganskopp 2008; Ganskopp and Bohnert 
2009; Anderson 2012; Henken et al. 2012). The average number of satellites (8.8) meets 
the requirement of using at least four satellites for accurate data acquisition and a HDOP 
result of 1.3 is considered to be very good (French 1996).

Table 2. Summary of descriptive statistics for average herd GPS performance

Paddock Count of all position 
fixes % expected fixes* Average 

satellites
Average 
HDOP

1 192653 96% 8.8 1.3
2 187169 97% 8.8 1.3

* The expected number of fixes for Paddock 1 was 200,448 and for Paddock 2 was 
193,536.
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The herd percentage of the daily grazing time of the cattle is presented in Figure 1. 
Days 1 to 5 appear to follow a different behavioural pattern to later results. Therefore, 
a quadratic trend line was applied from day 6. The quadratic trends fitted well, (r2 of 
0.56 for Paddock 1 and 0.75 for Paddock 2). The maximum grazing time (derived 
from the quadratic trend) in Paddock 1 was 41% and corresponded to 3,248 kg/ha 
DGLB. For paddock 2 the maximum was 43%, which corresponded to 3,304 kg/ha 
DGLB. The peak grazing time for both paddocks differed by only 56 kg/ha DGLB, 
which is less than the RMSE. This suggests the behaviour is influcence by actual 
available biomass amount.

Figure 1. Average time spent grazing (% of day) as estimated DGLB of forage oats 
declines. Quadratic curves are fitted to the data from day 5 of the experiment. Each 
data point is the average of all herd animals. The biomass at which the quadratic 
maxima occur is presented by the vertical lines.

The proportion of time spent grazing was within the expected range of 20% - 50% 
(Vallentine 2001) and was similar for both herds (Paddock 1 = 29% - 44% and 
Paddock 2 = 28% - 45%). The pattern where grazing time increases, then decreases 
as biomass declines, has previously been described by Chacon and Stobbs (1976) 
who attributed the decline in grazing time to fatigue resulting from limited energy 
gained from feed consumed. They concluded that dry matter intake was limiting at 
high grazing intensity. 

Cattle monitoring in Experiment 2
Cattle tracking data was successfully captured for the whole herd in rotation 1 and 
for 17 out of 18 animals in rotation 2. The missing animals’ data was due to loss of 
collar. For each mob, GPS devices received an average of at least 93% of expected 
fixes, from 8.3 satellites with a HDOP of 1.3. These GPS devices are considered 
successful.

 

 
Figure 1. Average time spent grazing (% of day) as estimated DGLB of forage oats declines. Quadratic   
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Table 3. Average descriptive statistics of GPS collars over both rotations. 

Mob Count of all 
position fixes

% expected 
fixes*

Average of 
satellites

Average of 
HDOP

1 67690 93 8.4 1.3
2 75126 93 8.3 1.4
3 75214 94 8.4 1.3

* The number of expected logs for Mob 1 was 72,790 and for Mobs 2 and 3 was 
80,436. 

Figure 2. Average time spent moving (% of day) as estimated GDM (kg/ha) of 
tall fescue declined for all mobs in rotation 1. Each data point is the average of all 
animals within a mob. 

The daily moving time for all mobs in both rotations (Figure 2 and 3), are within 
the expected grazing time range, 20-50% (Vallentine 2001) and a gradual increase 
occurred as GDM decreased. However, no clear pattern of behaviour emerged from 
rotation 1. Conversely, in rotation 2, moving time remained low with little variation 
before GDM reached 3,000 kg/ha. After this point, a steeper increase of moving 
time was observed as GDM declined. Moreover, the results for M2R2 showed a 
decline in moving time after 1,477 kg/ha GDM was reached. Although not as clear, 
M1R2 results also follow this trend and it is possible that fatigue occurred in rotation 
2, especially in M2R2 as the paddock grazed reached the lowest GDM in this 
experiment (values not reported), explaining why this maxima is not as apparent for 
other mobs (Figure 3). 

 



Precision Livestock Farming ‘15498

Figure 3. Average time spent moving (% of day) as estimated GDM (kg/ha) of 
tall fescue declined for all mobs in rotation 2. Each data point is the average of all 
animals within a mob. 

Conclusions

Both of the experiments support the hypothesis that cattle movement and daily grazing 
time are related to declining biomass. This suggests that speed-based behaviours, 
whether derived from speed while grazing or moving (when travelling behaviour is 
restricted by paddock size), respond to biomass in varying situations (i.e. location, 
grazed species, paddock size etc.). 
The pattern of grazing behaviour witnessed in both experiments and by Chacon and 
Stobbs (1976) showed an increase and then decrease as biomass amount declined. 
However, this was inconsistent in experiment 2. This inconsistency was possibly due 
to plant species (forage crop and pasture species observed). Additionally, variation in 
biomass amount across the paddocks could have influenced behavioural expression 
as the herds in paddocks with the lowest final biomass followed the expected trend. 
Further research is required to determine the sensitivity of grazing and moving 
behaviour to biomass amount and if the trend is consistent for commercially managed 
herds. If a quadratic relationship was found to be a consistent indicator metric, then 
key thresholds based on location data could be developed that trigger an alert to a 
producer to signal when to move or provide additional feed to cattle herds. In the 
case of a quadratic relationship, the steepness of an incline or decline, or occurrence 
of a maxima or minima might provide these trigger points.
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Abstract
 
Scientists and farmers still lack an efficient way to unify the large number of different 
types of data series, which are increasingly being generated in relation to automatic 
herd monitoring. Such a unifying model should be able to account for the correlations 
between the various types of data, resulting in a model which could potentially yield 
more information than can be gained from the individual components separately. Here 
we present such a model for monitoring slaughter pig production, in the form of a 
multivariate dynamic linear model. This model unifies three types of data (live weight, 
feed- and water consumption), measured at different levels of detail (individual pig and 
double-pen level) and with different observational frequencies (weekly and daily), using 
series collected for the Danish PigIT project. The presented three-dimensional model 
serves as a proof of concept, and it should be straightforward to expand it with additional 
data types. 
 
Keywords: dynamic linear model, information unification, modeling, monitoring, pig 
production

Introduction

For many years, a whole range of sensors have been available for monitoring variables 
relevant for e.g. mastitis detection in dairy cows (Viguier et al. 2009) and the application 
of sensor technology is slowly being introduced for pig herd monitoring. The idea is that 
the collected data, combined with a proper alarm system, can provide the farmer with 
early alarms, thus allowing proper proactive responses to undesired changes in the herd. 
However, there are serious issues with the methods currently described. First, the trade-
offs of sensitivity and specificity are generally unacceptable (Hogeveen et al. 2010). 
Furthermore, the systems tend to consider each monitored variable in isolation, so that an 
alarm is based on the value of just one variable, and no interaction effects are considered. 
We therefore believe that better integration of the available information could yield better 
methods for prediction of animal health states.  
We suggest employing a multivariate dynamic linear model (DLM) (West & Harrison 
1997) as a means of obtaining a more holistic monitoring of animal herds, taking into 
account the interconnectedness of all the variables of interest. Univariate DLM’s have 



Precision Livestock Farming ‘15504

previously been attempted for automated estrus detection in sows (Ostersen et al. 2010) 
and a multivariate DLM has been used to predict litter sizes in sows (Bono et al. 2012), 
but where only one type of information was considered. In general the use of DLM is 
under-utilized in the fields of animal- and veterinary science. 
This paper serves as a proof of concept, demonstrating the use of a multivariate DLM for 
monitoring slaughter pigs in a Danish finisher unit, in terms of live weight, feed usage 
and water usage.

Materials and Methods 
 
Data source

The work described in this paper was done using data collected for the PigIT Project1 in 
a commercial Danish pig farm. Specifically, the data were collected in the farm’s finisher 
unit, housing slaughter pigs while they grow from roughly 30-100 kg. The unit consists 
of five sections, each with 14 pens. Each pen contains 18 pigs (at insertion), sorted by 
sex and size. The climate within each section is controlled by a combi-diffuse ventilation 
system, computer-controlled sprinklers above each pen and heating pipes installed in the 
back walls. 

For the PigIT Project, a number of sensors have been installed to automatically record 
data on feed usage, water flow to the drinking nipples and temperature in 16 of the 70 
pens in the finisher unit.

Liquid feed is dispensed automatically into troughs, shared between two neighboring 
pens, as seen on Figure 1 A.  Two such feed-sharing pens will be referred to as a double 
pen. The expected amount of liquid feed required for a given double pen is adjusted 
regularly by manual observation of how much of the dispensed feed has been left uneaten. 

Water is dispensed from drinking nipples which, like the feed dispensers, are also shared 
between two pens in a double pen, as seen in Figure 1 B. In the 16 PigIT-pens (eight 
double pens) flow meters are installed above the water nipple to measure water flow to 
the double pen.  

In addition, the individual pigs from two double pens in the same section (section 2) are 
manually weighed once per week from insertion until the first pigs from that section are 
sent to the abattoir. The weight measurements are performed with the pig scale depicted 
on Figure 1 C. The pigs in these pens are individually identified with RFID ear tags. 
The data applied in this paper were collected from those two double pens, where live 
weight was recorded in addition to feed consumption and water flow. The used data 
were collected between November 20th 2013 and December 12th 2014, and included 
four separate insertions of new pigs. Thus the following models were based on a total 
of eight separate sets of observations. 

1 http://pigit.ku.dk/
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A) B) C)

Figure 1: The sources of the data used in this paper. A) Liquid feed dispensed to the 
double pen by the feeding system. B) Water consumed by the pigs in a double pen, 
recorded by a flow meter above drinking nipple. C) Scale for manual recording of 
individual animal weights.

Modeling
 
All analysis, modeling and representations of the data were done using the software 
R, a language and environment for statistical computing (The R Core Team 2013).

In this paper, we aim to demonstrate a method for meaningfully combining multiple 
different kinds of observational data (live weight, feed usage and water flow). From 
farm records on insertion and removal of individual pigs, it was possible to know 
how many pigs were in a given pen at any given time, and this information was used 
to normalize the feed usage and water flow to daily averages per pig in the double 
pen. Although the live weights of the pigs were recorded individually, these too were 
aggregated to a per pig average for the double pen, in order to simplify the model.  

A multivariate dynamic linear model (DLM), as described by West and Harrison 
(1997), was the method chosen to combine the data. In general, a DLM consists of 
an observation equation and a system equation (Equations (1) and (2), respectively). 

(1)

(2)
 
Equation (1) describes how the values of an observation vector  depends on an 
unobservable parameter vector ( ) to time . The unit of time used in this model 
was one day. 
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In our case, the parameter vector contains the estimated underlying values for live 
weight (LW), feed usage (Feed) and water flow (Water), as well as the rates at which 
those same values change at time  (dLW, dFeed, dWater, respectively), as seen in 
Table 1, . The underlying values at time  were estimated using a Kalman filter as 
described by West and Harrison (1997). In short, the Kalman filter is a method for 
filtering noise from the data by considering the actual observations, the error in the 
model forecasts and the systematic and observational variances.
For our purpose, the (transposed) design matrix has a structure with a basis as seen in 
Table 1 ( ). This structure serves to separate the estimated underlying values of the 
live weight, feed usage and water flow in the parameter vector from their respective 
trend values, in accordance with Equation (1). The structure is varied according 
to which variables are observed for a given time , with the first, second and third 
row being included when live weight, feed usage and water flow are observed, 
respectively. Thus missing observations will be ignored when the parameter vector 
is updated. 

The structure of the system matrix (  is constant in our case (Table 1, ). This 
structure serves to add the trend values to the corresponding estimated values of the 
three parameters of interest, thus updating their values from time   to time , in 
accordance with Equation (2). 

The initial values of live weight, feed usage and water flow were estimated from all 
available data as the average, normalized values observed on the first day of a batch 
insertion. The initial growth trend for live weight and feed usage were estimated 
as the average daily change in those values between the first and eighth day of 
observation. The water flow was seen to vary greatly from day to day, but did not 
follow any general trend over the grower/finisher periods. The initial rate of change 
was therefore set to 0. 

Table 1: The structures of the three matrices, presented in Equations (1) and (2), as 
they apply to the data used for this paper. 

: The Parameter Vector. : The Design Matrix (transposed). : The System Matrix
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The observational co-variance matrix  and the systematic co-variance matrix 
 were estimated from all available data, using the expectation maximization 

(EM) algorithm, as described by West and Harrison (1997), until convergence, which 
by visual inspection was found to occur after 50,000 iterations. 

Unification of model forecast errors

Once the parameters defining the DLM had been estimated, the average live weight, 
feed usage and water flow per pig in each of the eight separate batch observation series 
were modeled. During the modeling, a vector  of forecast errors (Observed values 
– Forecasted values) was continuously generated for each time step. In addition, 
a matrix describing the forecast co-variances  was continuously generated, as 
described by West and Harrison (1997). A Cholesky decomposition was calculated 
for  using the R function chol. Using the decomposed matrix , the error 
vector was transformed, as seen in Equation (3).

(3)

This transformation ensures that the transformed error values in  are mutually 
independent and each follow a standard normal distribution. Thus a single value 
measuring the square of deviation from 0, the mean within this frame of reference, 
can be easily calculated for the set of forecast errors, as seen in Equation (4).

(4)

This unified error will follow a  distribution with  degrees of freedom, where  
is the number of elements in . Thus  can be plotted to a conventional Shewhart 
control chart (Montgomery 2005) to allow for an easy monitoring of the complex 
system. The upper control limit was set to the 0.99 quantile of the  distribution. 
To allow for a constant control limit in response to varying degrees of freedom,   
was adjusted, according to Equation (5).

(5)

Results and discussion

Model parameter values

The estimated initial values of the parameter vector are seen in Equation (6).

=        (6)
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As is seen, the average pig initially weigh 29 kg, grow at a rate of 650 grams per 
day and eats 3.3 kg feed per day with a daily increase of 790 grams. The normalized 
water flow to the double pen is 0.6 liters per day per pig, with no (0.0) systematic 
daily change. 

The matrices describing the observational and systematic co-variances are seen in 
Equations (7) and (8), respectively. 

  (7)

(8)

Notice that  has a 3x3 structure, consistent with the three values which can be 
observed at each time , while  has a 6x6 structure, consistent with the six values 
in the parameter vector. 
It is worth noting that the diagonal values in both matrices would have been the 
same if each variable of interest had been modeled separately. It is thus the co-
variances outside the diagonals which provide the extra information about the 
interconnectedness of each of the monitored variables. 

Modeling

The DLM defined as described in the previous sections was used to model each 
of the eight available sets of batch data. Figure 2 shows three notable examples of 
the output of this modeling. These are the batches inserted on July 7th 2014 to pen 
number 2.5 and 2.10 (top and bottom row, respectively) and the batch inserted on 
October 9th 2014 to pen number 2.10 (middle row). 

The left column of Figure 2 shows the observed values for mean live weight (circles), 
feed usage (triangles) and water flow (solid squares). In addition, the left column 
shows the filtered mean, as estimated by the DLM, for live weight (solid line), feed 
usage (thick dashed line) and water flow (dotted line). 
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Figure 2: Left column: the observed values of mean live weight (circles), feed usage 
(triangles) and water flow (solid squares) per pig in three separate batches. In addition, 
the filtered mean values, estimated by the model, for live weight (solid line), feed 
usage (dashed line) and water flow (dotted line). Right column: the unified forecast 
error for mean live weight, feed usage and water flow per pig, corresponding to the 
observations depicted in the left column. Vertical lines in both columns: observations 
of diarrhea (dashed) and pen fouling (solid).
 
The right column shows the Shewhart control charts of the adjusted unified forecasts 
errors (circles connected by red lines), according to Equation (5). The horizontal lines 
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in the control charts show the control value, i.e. the 0.99 quantile of the  distribution 
with 3 degrees of freedom (11.34). 
For both columns, observations of diarrhea and pen fouling are marked by vertical 
lines. Diarrhea is marked by thick dashed lines, while solid lines represent pen fouling. 

As is seen, the output in the top row is from a batch where no undesired events were 
observed, and all unified errors are all well below the control limit. 
For the middle batch, pen fouling is observed twice (on the 3rd and 4th of December) 
and one case of diarrhea is observed around the 20th of November. The first pen fouling 
event falls just below the control line, but the second one coincides with a very clear 
spike in the unified error, which would yield a successful alarm. However, the system 
fails to raise an alarm about the diarrhea. This is probably because this event occurs 
during a period of time where water data is not available, which would be expected to 
strongly correlate with diarrhea. 

The bottom batch provides two interesting examples of how the system can fail in its 
function. First, an undesired event (diarrhea) is observed at July 20th. This event happens 
to coincide with a relatively long period of time where the data on feed usage and water 
flow are both missing, and only the weight observation of that day is available. It can 
only be assumed that this information, especially regarding water flow, would have 
contributed to a more extreme unified error, and thus this example illustrates the value 
of having functioning sensors throughout a monitoring period.
Conversely, around the 25th of August, a tall peak is seen in the unified error, in spite of 
there being no observed undesired events. This peak is seen to be caused by a sudden 
dramatic and uncharacteristic increase in the water flow. From temperature records 
it can be found that this increase in water flow coincides with a sudden increase in 
temperature inside the double pen 2.10, while a similar temperature increase was not 
experienced in double pen 2.5 (data not shown).

Perspectives

When employing a dynamic linear model, an uncharacteristically large forecast error 
(here the limit was set to 11.34), is an indication that the observed system has changed 
significantly from the assumptions of the model. Thus, if the model has been optimized 
for describing a perfectly healthy batch of pigs, uncharacteristic forecast errors would 
likely indicate an outbreak of disease. To what extend the method demonstrated in this 
paper allow for more accurate disease detection, compared to other methods, will be a 
subject for further studies.  
It should be noted that the form of forecast error unification demonstrated here can 
only yield an absolute magnitude of the error, and thus, unlike conventional univariate 
control charts, this control system cannot take into account whether some errors are 
positive and others negative. This potential problem could be circumvented by parsing 
the separate, non-unified errors to other classification systems, e.g. artificial neural 
networks or Bayesian classifiers. This would require separate training and validation 
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of these systems, in addition to what is needed for the DLM itself. However, it is 
conceivable that such parsing could yield better detection of undesired events, and 
even allow for specific error patterns to be mapped to specific conditions, which 
would be another natural objective for further studies.  
Whether or not a multivariate DLM defined from one herd can be directly applied in 
another herd or between different breeds of pigs, and how often such models need 
to be updated to keep up with the biological changes from breeding, are additional 
questions requiring further studies to answer.
Furthermore, here we have demonstrated the method with three measurable variables, 
but it would be trivial to adapt the model to include more (or fewer) lines of evidence, 
depending on data availability. We could envision modeling the live weight of each 
pig in the double pen individually or including the modeling of some measure of 
activity captured by video, etc. All that is needed is to design the appropriate design- 
and system matrices and the availability of the relevant data. 
Lastly, this paper showcased the use of a multivariate DLM for monitoring slaughter 
pig production, but this method could just as well be employed in any animal 
production where data is routinely collected. An obvious example is dairy production, 
where several lines of data are often collected while milking the cows, but where a 
good standard for combining this data for meaningful information extraction is still 
lacking  (Rutten et al. 2013). 

Conclusions

We show that one can meaningfully co-model three very different types of monitoring 
data (live weight, feed usage and water flow) from an animal production herd, using 
a multivariate dynamic linear model. The errors in the forecasts produced by such 
a model can be unified to allow for easy monitoring of the health state of the herd 
using a Shewhart control chart to raise appropriate alarms.  
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Abstract

A number of production related parameters, such as air temperature, relative 
humidity, carbon dioxide, ammonia levels, ventilation rates and growth rate of 
pigs were monitored in a number of commercial piggery buildings in two European 
countries.  Selected results from these long term monitoring events will be used 
in this article to highlight the beneficial effects of routine monitoring of these 
important production related parameters in commercial livestock buildings. The 
information collected have been used to identify events such as stable starting 
and finishing weights of different batches of pigs that reflected on the tightness of 
management of the particular farm. The authors will argue that such information 
might be used eventually to evaluate the ‘quality’ of management procedures 
used on specific farms.  The growth rate and environmental variables associated 
with the ‘fast’ and ‘slow’ growing groups will also be compared. Thus, it was 
concluded that monitoring and better controlling these production parameters in 
piggery buildings could result in improved profitability of commercial livestock 
farms.  

Keywords: pig houses, environmental quality, farm building, risk factors, air 
temperature, ventilation rates

Introduction

Around the globe, livestock producers face similar difficulties affecting animal 
production that are often beyond their control. The (1) increased cost of feed, (2) 
the stronger consumers’ demand for improved animal welfare and environmental 
sustainability, (3) challenges associated with government regulations, (4) the 
lack of skilled and technically able staff and (5) the increasing worldwide 
competition for agricultural markets are new challenges that can significantly 
reduce the profitability of traditional livestock production. The industry by large, 
is in need of new management enhancing tools and mechanism in order to remain 
profitable. In the past two decades several new technologies were developed by 
different research groups that function automatically and optimise the production 
environment with the aim of providing up to date real time feedback to farmers 
about different aspects of their enterprises (Wathes et al., 2008; Banhazi and 
Black, 2009; Banhazi, 2011; Banhazi et al., 2012b).  
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The implementation of some of these new technologies expected to decrease the 
production related costs of pig farms by up to 30% (Black and Banhazi, 2013). 
Two of such production enhancing technologies developed by PLF Agritech, 
namely the Weight-DetectTM and the Enviro-DetectTM devices were tested on four 
European farms over a 12 month period (Banhazi et al., 2012a). In this article the 
performance of these two technologies will be discussed with special attention to 
the benefits they offered in relation to supporting the decision makings of farm 
managers on a daily basis.

Materials and methods

The long term weight and environment monitoring was carried out on four farms 
in two European countries. The pens monitored were located in traditional grower-
finisher building with either natural or mechanical ventilation systems installed. 
All experimental pigs were fed mash feed and were kept on partially slatted 
floors. (Given the diverse nature of the buildings, more specific management 
information can be obtained directly from the authors.) 

On each farm four pens were selected for weight and one building space for 
environmental monitoring. In each pen a Weight-DetectTM equipment was 
installed above the feeders at approximately 2 m height and one Enviro-DetectTM 
device was installed in the same building space (Banhazi et al., 2011). 

Weight-DetectTM incorporates an off-the-self webcam (Logitech Quickcam Pro 
9000, Logitech, Quarry Bay, Hong Kong) set at 320X 240 resolution and a frame 
rate of 30 frame per second (fps). The images were stored on an integrated PC 
and processed real time using Matlab V6.5.1 (R13) with the Image Processing 
Toolbox V4.1 (the MathWorks, Inc., Natick, MA). The lighting conditions of 
the buildings were not altered to accommodate the device but the variations in 
lighting were controlled automatically using the cameras auto exposure settings 
(Banhazi et al., 2011). The camera continuously captured images of pigs from 
above as they were feeding as normal. As pigs were completely within the field 
of view for various length of time, only those images with a perfect contour were 
analysed. Weight-DetectTM used dimensions such as the pigs back area or length 
and width to identify and separate the good images that contained an entire pig 
from the bad images containing partial or no pig. Image capturing was dramatically 
influenced by lighting conditions and the cleanliness of the camera lenses (Banhazi 
et al., 2014). Dust and fly excrement from the camera lenses had to be removed 
by the staff at the farms regularly to improve the quality and number of captured 
images. The monitored animals were in the grower/finisher stage of their life, 
weighing (live weight) approximately between 20 kg and 100 kg.
Enviro-DetectTM was installed inside one of the pens on the wall of the piggery 
building. The positioning of the equipment was selected high enough to be out 
of reach of an adult animal. Enviro-DetectTM took continuous measurements of 
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air temperature, relative humidity, ventilation rates, carbon dioxide (CO2) and 
ammonia (NH3) concentrations (Banhazi, 2009). The performance of the Enviro-
DetectTM was potentially compromised by other nearby temperature generating 
electrical equipment, external openings, such as windows and doors. Available 
power points limited the optimal positioning of the Enviro-DetectTM unit. 
During the project approximately 100 pen reports were emailed to the producers 
reporting on growth rate and environmental conditions of individual pens. In these 
reports descriptive statistics have been used to convey the average, maximum, 
minimum values to producers and other important parameters, such as average 
daily gain (ADG). 

Results and discussion 

Figure 1 presents NH3 concentration data from one of the South European farms 
between the 19 June 2014 and 17 July 2014.  

Figure 1. Ammonia (ppm) concentration variation recorded in a Southern European 
piggery building

During the monitoring period, NH3 level stayed relatively stable with only a small 
fluctuation observable through the monitoring period.  These results indicated that the 
hygiene level and ventilation rates must have been appropriate within this particular 
livestock building at the time of the observations made.
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Figure 2. Ventilation rates (m3/h/HPU) recorded in a Southern European piggery 
building

Figure 2 presents data from one of the South European farms between 20 May 2014 
and 26 of June 2014. Ventilation rate measured in this building indicated a relatively 
good level of ventilation, although ventilation levels were below the recommended 
300 m3/h/HPU (Heat Producing Unit) (Pedersen et al., 1998; Seedorf et al., 1998; 
Blanes and Pedersen, 2005). Indeed, the mean ventilation levels were just above 200 
m3/h/HPU with a Standard Deviation (SD) of 52 m3/h/HPU. Minimum ventilation 
rates were just about a 100 m3/h/HPU, while maximum ventilation rates reached 317 
m3/h/HPU. 

Figure 3. Variation of relative humidity (%) in a Central European piggery building
Figure 3 shows data from one of the Central European farms between 19 July 2014 
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and 17 July 2014. Humidity in the building varied between 33.55% and 96.14%. The 
average humidity level was 48.95%. There was a sudden increase in relative humidity 
level on the 26th of June which we suspected to be associated with a cleaning event in 
one of the pens and the water use associated with the cleaning must have increased the 
humidity level of the whole building, hence the almost 100% relative humidity spike. 

Figure 4. Air temperature (oC) recorded in a Southern European piggery building

Air temperature date presented in figure 4 was collected from one of the Southern 
European farms from 21 June 2014 to 17 July 2014. The mean daily temperatures 
(averaged for 24h) ranged between 26.26 oC and 31.37 oC. The average temperature 
was 28.95 oC during this particular monitoring period. Increase in average daily 
temperatures can be observed during the recording period that is ‘believable’ given 
the increase in outside temperatures during summer time in this part of Europe. 
There was a sudden temperature drop on the 3rd of July but temperature picked up in 
the following day. Temperature fluctuated within 3.5 oC. .
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Figure 5. Carbon Dioxide concentration (ppm) recorded in a Southern European 
piggery building

CO2 data presented in Figure 5 was collected from one of the Southern European 
farms between 21 June and 17 July 2014. CO2 level varied between 308 ppm and 1099 
ppm. The average CO2 level was 731 ppm, indicating a good level of ventilation. The 
low levels of CO2 typically indicate that overall ventilation levels are good. The CO2 
level readings indicated that this particular building had a good level of ventilation 
rates keeping the average CO2 level within the optimal range. 

Figure 6. Growth rates (kg) recorded in a Southern European piggery building

Growth rate data (presented in Figure 6) was collected on a Southern European farm 
between the 1st and 17 July 2014. Pigs monitored during the specified time frame 
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weighed on average 31.19 kg and gained 0.273 kg per day (average Daily Gain, 
ADG). The starting weights of the animals were 28.1 kg on the first day and a gradual 
weight gain is observable right through the period, reaching the maximum weight 
of 32.74 kg on the last day. A small decrease in weights was noted in the first two 
days. Probably the change in the building environment had a stressful effect on the 
animals. The overall growth rate was rather moderate and a suggestion was made to 
the producer to undertake a further investigation to assess if there were any adverse 
factors impacting on pigs during this period. Newly introduced animals are often 
stressed from the change in their environment which explains the short stagnating 
days at the beginning of the period.

Figure 7. Growth rates (kg) recorded in another Southern European piggery building

Figure 7 shows data collected from another Southern European farm during 
the period spanning between 21 June and 17 July 2014. Pigs monitored during 
this specified time frame weighed on average 65.03 kg and gained 0.822 kg 
per day, which was a very respectable ADG. The starting weights of animals 
were 55.32 kg on the first day of this observation period. The weight of animals 
stagnated and slightly dropped during the first 10 day. From the 29th of June the 
animals started to gain weight rapidly and continued to grow till the end of the 
reporting period, reaching the maximum weight of 72.59 kg. During the second 
half of the reporting period the average daily weight gain of the animals was 
0.962 kg. It seemed that the pigs experienced some sort of stress or illness which 
negatively affected their usual growth pattern. After a management intervention 
that evidently eliminated the sources of distress; the animals accelerated their 
growth rate. 
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Figure 8 present growth rate data over 7 month period spanning across a number 
of batches of pigs. From this large scale data presentation a number of issues can 
be observed. First of all, the stable ‘start-up’ and finishing weights of the different 
batches indicate the existence of a good management process on this farm, as the 
producers managed to market the pigs at very similar weights and also managed 
to ensure that their ‘staring’ weight were similar. This indirectly indicates ‘tight’ 
management and stable building environment. In addition, the relatively smooth 
growth curve observable during the growth of the first batch (between January and 
May) indicates probably a disease and stress free environment. In contrary, the 
subsequent batch of pigs (staring after the 23 of May, 2014) demonstrated a must 
more uneven growth.  

Figure 8. Growth rates (kg) recorded in a Southern European piggery building over 
a number of batches 

The long term environmental monitoring of animal buildings provided valuable 
feedback about the living and general health/welfare conditions of animals. As the 
measured parameters usually stayed within the normal range, it gave farm managers 
a positive feedback about the quality of their buildings and their management 
practices. By large the buildings were well managed and well ventilated. Long term 
monitoring provided the farm managers with information about the positive effects of 
optimal building environment on the living conditions of the animals. These positive 
feedbacks most probably reassured and encouraged the piggery staff to continue 
their good management practices. The long term weight monitoring of animals 
provided valuable information about the growth rate of animals in different pens. 
It was interesting to see differences in the growth rate between seemingly identical 
pens within in the same building (data not shown). Long term weight monitoring 
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alerted the management of the piggeries about the potential problems associated with 
slower than expected growth rate and was able to identify if change in management 
style had a positive impact on the animals growth rate. Long term weight monitoring 
has revealed differences in the performance of different pens in the same building 
which was undetected before the study. Farm managers acted upon these information, 
initiated investigation and introduced changes in management style, which resulted 
in increased performance of their animals. Long term monitoring enabled the piggery 
management to put value to their daily gain/losses according to the daily performance 
of the animals (Black and Banhazi, 2013). 

The 12 month study provided farm managers with new information that was 
unavailable to them as they as they did not have the capacity to collect such information 
without the introduced new technologies. The new information was presented and 
explained to the farmers individually by the collaborating project partners of IRTA 
and St Istvan University. 

Conclusions 

The new technologies, Weight-DetectTM and Enviro-DetectTM, provided practical 
information to livestock producers that empowered them to make management changes 
based on objective data to enhance the profitability of their operation. Environmental 
monitoring encouraged the continuation of good environmental management practises 
and weight monitoring tool pinpointed problem areas and assessed the effectiveness of 
management procedures of the participating livestock producers. 

Acknowledgements

The authors gratefully acknowledge the European Community for financial support 
in Collaborative Project EU-PLF KBBE.2012.6-311989 and ALL-SMART-PIGS 
KBBE.2012.1.4-02-311989 under the Seventh Framework Programme. The authors 
would like to gratefully acknowledge the professional support provided by all project 
partners and by participating livestock producers. 

References

Banhazi T. (2009) User-friendly air quality monitoring system. Applied Engineering 
in Agriculture 25 (2):281.

Banhazi T. and Black J.L. (2009) Precision livestock farming: A suite of electronic 
systems to ensure the application of best practice management on livestock 
farms. Australian Journal of Multi-disciplinary Engineering 7 (1):1-14.

Banhazi T., Tscharke M., Ferdous W., Saunders C. and Lee S. (2011) Improved image 
analysis based system to reliably predict the live weight of pigs on farm: 
Preliminary results. Australian Journal of Multi Disciplinary Engineering 8 
(2):107.



Precision Livestock Farming ‘15522

Banhazi T., Babinszky L., Halas V. and Tscharke M. (2012a) Precision livestock 
farming: Precision feeding technologies and sustainable livestock 
production. International Journal of Agricultural and Biological 
Engineering 5 (4):54-61.

Banhazi T., Vranken E., Berckmans D., Rooijakkers L. and Berckmans D. (2014) 
Word of caution for technology providers: Practical problems associated with 
large scale deployment of plf technologies on commercial farms, in: D. B. 
a. J. Vandermeulen (Ed.), 7th European Conference on Precision Livestock 
Farming, Catholic University of Leuven, Leuven, Belgium. pp. in-print.

Banhazi T.M. (2011) The current state of plf affairs in: I. G. Smith and H. Lehr 
(Eds.), Multidisciplinary approach to acceptable and practical precision 
livestock farming for smes in europe and worldwide, European Commission 
Halifax, UK. pp. 11-17.

Banhazi T.M., Lehr H., Black J., Crabtree H., Schofield P., Tscharke M. and 
Berckmans D. (2012b) Precision livestock farming: An international review 
of scientific and commercial aspects. International Journal of Agricultural 
and Biological Engineering 5 (3):1-9.

Black J.L. and Banhazi T.M. (2013) Economic and social advantages from precision 
livestock farming in the pig industry, in: D. Berckmans and J. Vandermeulen 
(Eds.), 6th European Conference on Precision Livestock Farming, Catholic 
University of Leuven, Leuven, Belgium. pp. 199-208.

Blanes V. and Pedersen S. (2005) Ventilation flow in pig houses measured and 
calculated by carbon dioxide, moisture and heat balance equations. 
Biosystems Engineering 92 (4):483-493.

Pedersen S., Takai H., Johnsen J.O., Metz J.H.M., Groot Koerkamp P.W.G., Uenk 
G.H., Phillips V.R., Holden M.R., Sneath R.W., Short J.L., White R.P., 
Hartung J., Seedorf J., Schroder M., Linkert K.H. and Wathes C.M. (1998) 
A comparison of three balance methods for calculating ventilation rates 
in livestock buildings. Journal of Agricultural Engineering Research 70 
(1):25-37.

Seedorf J., Hartung J., Schroder M., Linkert K.H., Pedersen S., Takai H., Johnsen 
J.O., Metz J.H.M., Groot Koerkamp P.W.G., Uenk G.H., Phillips V.R., 
Holden M.R., Sneath R.W., Short J.L., White R.P. and Wathes C.M. (1998) A 
survey of ventilation rates in livestock buildings in northern europe. Journal 
of Agricultural Engineering Research 70 (1):39-47.

Wathes C.M., Kristensen H.H., Aerts J.M. and Berckmans D. (2008) Is precision 
livestock farming an engineer’s daydream or nightmare, an animal’s friend 
or foe, and a farmer’s panacea or pitfall? Computers and Electronics in 
Agriculture 64 (1):2-10. DOI: DOI: 10.1016/j.compag.2008.05.005.



Session 14 

Environment and Chickens 





Precision Livestock Farming ‘15 525

Monitoring dust concentration in broiler houses

T. G. M. Demmers 1, Q. Tong1, L. Rooijakkers2 and E. Koenders2

1 The Royal Veterinary College, Hawkshead Lane, North Mymms, Hatfield, AL9 7TA 
Hertfordshire, United Kingdom
2Fancom B.V., Wilhelminastraat 17, 5981 XW, Panningen, The Netherlands
tdemmers@rvc.ac.uk  

Abstract

PLF technology can provide continuous measurement of key indicators on livestock 
farms through image and sound analysis and other key sensors. Thus PLF offers 
the potential to provide on-line control of the underlying process for these key 
indicators. To date the focus of PLF technology has been on production and welfare 
indicators, such as animal growth and activity. Within the current EU-PLF project, the 
practicality and the added benefit of available commercial systems such as eYeNamic 
are demonstrated. Simultaneously, novel applications are being investigated. 
Aerosol concentration has been linked to the key indicators animal activity and 
ventilation rate. Animal activity, and particularly broiler activity, can be managed 
by different lighting regimes over the day. Thus animal activity as continuously 
measured using eYeNamic could be an indicator of aerosol concentration. 
The bio-aerosol concentration, broiler activity, lighting and ventilation have 
been measured at a commercial broiler farm using a combination of commercial 
(eYenamic) and Gold Standard (DustTrac and Aerosol Particle Sizer) continuous 
monitoring systems. Initial data analysis clearly shows a relationship between the 
broiler activity and the aerosol concentration (correlation coefficient 0.39 over the 
complete period and 0.60 for selected 24 hrs periods), despite the effect of ventilation 
rate upon the aerosol concentration being incorporated at this stage. The data set will 
form the basis for the development of an algorithm for the relationship between 
activity and dust concentration, with ventilation rate as a contributing factor. This 
would potentially allow the active management of aerosol concentration, without 
the need for expensive aerosol analysers, and thus the potential to reduce aerosol 
emissions to the wider environment to be explored.

Keywords: dust, PM10, broiler, ventilation, light, emission

Introduction

Chicken production is projected to become the biggest source of meat in the near 
future at 134 million tons in 2023 (OECD/FAO, 2014). Although the production of 
poultry meat has a better feed conversation ratio compared to pigs thus requiring less 
high quality feed, it is one of the higher producers of bio-aerosols, with estimates 
for  PM10 and PM 2.5 ranging from 40-57% and 45-50% of the total UK emission 
from housed livestock, respectively (Kilmont and Amann, 2002). The most recent 
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emission factors for PM2.5 and PM10 measured in the UK were 5.1 and 31.6 mg 
animal-1 day-1 (Demmers et al, 2010), well within the published range of values, 
although, due to the nature of bio-aerosol measurement and analysis (difficulty and 
expense), the amount of data available is low. Bio-aerosols emitted from the buildings 
were found downwind, but were back to ambient concentrations at distances up to 
100m (Demmers et al, 2010). 
Poultry operations are subject to environmental legislation and are obliged to 
demonstrate dust management measures, i.e. simple control-at-source measures such 
as using pelleted rather than meal feed or simple end of pipe control methods. More 
complex systems are rarely used in the UK, but more so elsewhere in Europe.
PLF technology provides continuous measurement of key indicators on livestock 
farms through image and sound analysis and other key sensors and thus offers the 
potential to provide on-line control of the underlying process for these key indicators. 
To date the focus of PLF technology has been on production and welfare indicators, 
such as animal growth and activity. The EU-PLF project aims to create a blueprint 
for the use off and show the added benefit of available commercial systems such 
as eYeNamic. One such added benefit is the potential link between bio-aerosol 
concentration and the key indicators animal activity and ventilation rate. The bio-
aerosol concentration has been shown to vary with animal activity (Sorensen et al, 
1995; Demmers et al, 2010). Furthermore, animal activity, and particularly broiler 
activity, can be managed by different lighting regimes over the day (Demmers et al, 
2011). Thus potentially, eYeNamic activity data could be used as an estimate of dust 
concentration and therefore used to guide the buildings climate control system to 
minimise the emission to the environment.
The aim of this phase of the project was to establish the link between the bird activity 
as measured using the eYeNamic camera and the measured aerosol concentration.

Material and Methods

All measurements were carried out in a newly build mechanically ventilated broiler 
house (110m*20m; capacity 55.000birds). The building was indirectly heated using 
a central heating system and heat exchangers placed below the ridge line of the 
building. The bio-aerosol concentration was measured below two fan shafts using two 
DustTrac DRX analysers (TSI Ltd) fitted with a PM10 inlet, providing simultaneous 
data for PM1, PM2.5, PM5 and PM10 at 2 minute intervals. The bio-aerosol particle 
size distribution was measured using an aerodynamic particle sizer (APS), 0.7 to 20 
mm (TSI APS 3321) at 2 minute intervals. Due to the variable fan speed, some non-
isokinetic sampling was to be expected. Ventilation rate was measured using three 
full size measuring fans (FANCOM bv) fitted below fans of ventilation stage 1, 2 and 
3 (out of 6), as well as the duration each fan/stage was operational at any one time. 
The total flowrate calculated from these data was deemed to be an accurate measure 
of the overall ventilation rate.
All data were logged using Labview Virtual Instrument routines running on a local PC.
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Results and Discussion

The data from several batches have been collected and secured. The continuous 24/7 
use of the DustTrac analysers and APS was hampered by frequent failure of the power 
supply to the instruments and the need for more regular cleaning and calibration of the 
instruments by the manufacturer, due to the pollution of the optics of the instruments 
by excessive exposure to dust. The measured dust concentrations showed a regular 
pattern in relation to the animal activity as was expected, in particular between week 
1 and week 4 of the growing period (figure 1). The bird activity is deemed to be low 
during the dark period although no data are available as the eYeNamic camera has 
no infrared capability. The activity increased significantly to a peak level of 16.5, 
the highest in a 24 hr period, directly after the lights came back on after one hour. 
Equally the dust concentration dropped slowly from the start of the dark period for 
approximately 30 minutes reaching a base level at  0.017 mg m-3. This slow decrease 
is due to a combination of processes, the settling of the particles, a reduction in 
particle generation due to the low bird activity and the dilution with fresh air due to 
ventilation.

Figure 1: The PM1 concentration measured below Fan 14 (ventilation stage 2) and 
the bird activity measured using the eYeNamic camera system at day 14 of the broiler 
growing period.
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As expected the PM10 concentration showed a very similar pattern to PM1 (figure 
2). The baseline was reached quicker as the larger particles settle more quickly. 
Although the PM1 and activity appear to correlate well during the ours prior to the 
dark period, after the initial peaks following the return to light the correlation is 
significantly worse. This is most likely due to the higher ventilation rate during the 
day time hours, affecting the concentration of  PM1.

There was a clear shift in the particle size distribution towards the smaller particles 
from 3.5 um to 1.5um during the dark period as the latter were expected to remain in 
suspension for longer (figure 3).

Figure 2: The PM10 concentration measured below Fan 4 (ventilation stage 1) and 
the bird activity measured using the eYeNamic camera system at day 15 of the broiler 
growing period.

The correlation between activity and the total dust concentration (sum of PM1, 
PM2.5, PM5 and PM10) was disappointing for the whole growing period at 0.39 
and somewhat better for a selected 24 hrs period 0.60. Surprisingly, the correlation 
between PM1 and activity was only marginally worse at 0.36 and 0.59, respectively. 
This is more than likely due to the dilution effect of the ventilation rate, which varies 
over the day and was not incorporated in the statistical analysis.
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However, the data provide a good platform to develop and test a novel algorithms 
that might describe the relation between the total dust concentration and bird activity 
as well as the particle size distribution and bird activity. Obviously, the ventilation 
rate will need to be considered in the development of this algorithm.
Potentially, this opens the route to manipulating the bird activity and thus the 
predicted dust concentration in the building, creating management opportunities to 
either reduce the dust concentration in the building to benefit the birds and/or to 
reduce the quantity of dust emitted from the building.

Figure 3: The median particle size diameter as measured using the APS below fan 
10 (ventilation stage 3) and the bird activity measured using the eYenNamic camera 
system at day 15 of the broiler growing period.

Conclusions

Bio-aerosol concentration in broiler houses is clearly related to the level of bird 
activity. The particle size distribution equally changes dramatically with bird activity, 
especially during the dark periods when bird activity is low for an extended period 
of time.
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Abstract

Analysis of the spatial variation of the thermal comfort indexes inside a livestock 
installation is an important tool for management and handling of the animal production 
system in the environment. It facilitates decision-making, and helps to plan possible 
changes in the facility with the aim of increasing animal welfare. When the facilities 
are located in regions with warm weather and a small temperature amplitude, Brazilian 
broiler producers usually opt for installations without thermal insulation on the sides so 
that hybrid negative pressure ventilation can be used. However, the question of spatial 
temperature variation, thermal comfort indexes and maps of enthalpy inside uninsulated 
broilers houses remains unanswered for some parts of Brazil. The objective of this work 
was to analyse the spatial variation of enthalpy as a comfort index in a typical uninsulated 
commercial broiler house in a hot climate region, Mato Grosso State, in the mid-west 
of Brazil. Temperature, humidity and luminosity were measured and the enthalpy was 
calculated for the experimental period. It was observed that the enthalpy index was outside 
the thermal comfort zone for broilers during the experimental period, with average values 
ranging from 71.89 to 79.84 kJ.kg-1 of dry air. The maps of enthalpy variation inside the 
broiler house showed that the highest enthalpy values were predominantly on the left side 
of the building, which can be correlated with solar radiation which was most intense in 
this area during the experimental period.

Keywords: animal welfare, spatial variation, poultry housing 

Introduction

Birds are homoeothermic animals which maintain body temperature variations 
within constant limits by biochemical, physiological and behavioural processes. 
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Productivity declines when the temperature increases too much because broiler 
chickens lose their appetite, which leads to reduced feed intake (Pereira, 1986). 
Thermal stress can be evaluated by means of thermal comfort indexes, physiological 
responses and productive performance. In order to derive maximum performance 
from their genetic potential, broiler chickens need an environment with thermal 
comfort conditions so that they can maintain the homeostatic control that regulates 
body temperature (Cassuce et al., 2013). Alves (2006) found that the use of strategic 
tools for data acquisition and interpretation can provide comprehensive information 
which allows a precise definition of comfort conditions for the animals. The use 
of techniques and instruments which permit a more precise response to specific 
situations that occur in the field is called Precision Livestock Production (Bandeira 
Filho, 2003). In poultry, precision farming involves using sensors to acquire data 
relating to the environment and automation systems to reduce localised losses (Nääs 
et al., 2001). Enthalpy refers to the amount of energy contained in a mixture of water 
vapour. Enthalpy changes if there is a change in the relative humidity for the same 
temperature. This may also alter the thermal exchange environment (Pecoraro et al., 
2012). Enthalpy is often used as a parameter for climate control installations and 
as a thermal comfort index because it quantifies the energy to be removed from the 
environment in order to provide favourable conditions for animals (Rodrigues et al., 
2010). In response to consumer market demands, we analysed the spatial variation 
of enthalpy as a thermal comfort index and as a means of identifying failures in the 
shading and ventilation in a typical uninsulated commercial broiler house in a hot 
climate region, Mato Grosso State, in the mid-west of Brazil.

Material and methods

Experimental data

The experiment was conducted from 9 to 14 December 2013at São José Farm, 
in Nova Mutum, Mato Grosso State at a latitude of 14°03’02.05’’, longitude 56° 
06’18.10’’ and altitude of 460 m, at a commercial broiler breeding facility. The farm 
had four broiler houses with a precast concrete pillar structure, clad in steel and 
0.43 mm aluzinc tiles. The floor was soil under rice straw litter with a thickness of 10 
to 12 cm, and the concrete wall was 0.4 m high with a screen and closing canvas. The 
dimensions of each building were 12.2 x 125.2 m. The walls were 3.2 m high with 
0.96 m eaves. Each house had 24 manually operated fans and foggers distributed in 
13 transverse lines and one longitudinal line, totalling 180 nozzles scattered along 
the building, and a heater was positioned in the centre of the house. Six HOBO 
temperature and humidity sensors and two HOBO temperature, relative humidity and 
light sensors were installed at a height of 0.8 metres and 5 metres apart horizontally. 
The sensors were pre-programmed to collect data at regular one-minute intervals 
throughout the experiment. Subsequently the BGTH index was calculated for the 
period of the experiment. The data collected were used to calculate and analyse the 
enthalpy for each day from 6 a.m. to 7 p.m., and the spatial variation of enthalpy 
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within the broiler house was then calculated. Barbosa Filho et al. (2009) defined 
enthalpy as the amount of heat per 1 kg of dry air. This index can be calculated using 
equation 1:

                 (1)

where:
H: Enthalpy (kcal / kg dry air);
Dbt: Dry bulb temperature (° C);
RH: Relative humidity (%)

The results obtained using equation 1 are given in kcal/kg of dry air. However, the 
environmental enthalpy classification is given in kJ/kg dry air. This is converted by 
multiplying the value obtained with Equation 1 by 4.18.

Results and discussion

The daily averages for air temperature and relative humidity values measured inside 
the house are presented in Table 1.

 

Table 1: Daily air temperature and relative humidity

Date Air Temperature
 (°C)

Relative Humidity 
(%)

December, 9 28.70 74.61

 December, 10 2.90 68.68

 December, 11 31.27 62.04

 December, 12 29.75 65.82

 December, 13 29.25 75.96

 December, 14 25.81 87.40
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Table 2 shows average enthalpy values divided into two daily periods: in the morning 
and in the afternoon for 6 days of the experiment. The index was calculated based on 
data collected during the experiment, using equation 1.

Table 2: Average enthalpy index values, divided into two daily periods

Thermal comfort index measured Enthalpy (kJ/kg dry air)

Date/ Period In the morning In the afternoon
December, 9 78.13 76.65
December, 10 77.83 78.42
December, 11 77.57 79.84
December, 12 79.53 75.38
December, 13 75.92 78.96
December, 14 71.89 78.62

Barbosa Filho (2004) argues that the enthalpy values which define the thermal 
comfort of birds are between 64 and 70 kJ.kg dry-1 air. It was found that the birds 
were in an emergency zone because all the calculated values exceeded the thresholds 
for the comfort zone. The thermal comfort index showed a small spatial variation 
inside the housing. This variation can be visualised using enthalpy environment 
graphs and represented in relation to the physical location of the installation.

The most critical enthalpy values occurred close to the left side of the housing. This 
can be explained by the fact that solar radiation is concentrated at this point, as 
proven by the luminosity data shown in Table 3 December 10, 2013.  The higher 
radiation intensity increases the temperature and reduces the relative humidity. Both 
these parameters directly influence the enthalpy calculation.

Table 3: Luminosity data within the broiler house according to sensor position

Sensor 
position

December 10, 2013

9 a.m. 10 
a.m. 11 a.m. 12 p.m. 13 p.m. 14 p.m. 15 p.m.

Right side 516.4 697.7 760.8 784.4 816.0 724.2 547.9

Left side 863.3 1155.0 1352.1 1643.8 1604.3 1793.6 1233.8
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Enthalpy can also be regarded as a means of observing failures in ventilation and 
potential shading, as can be seen in Table 3. The side with a higher incidence of 
thermal radiation had higher enthalpy values. An automatic control system for 
artificial ventilation and shading can mitigate this problem and an online decision-
making process could be used.
The enthalpy graphs shown in Figures 1 and 2 clearly indicate that enthalpy values 
were higher on the left side where luminosity values are higher, as shown in Table 3. 
Furthermore, there was little variation between the minimum and maximum values, 
indicating that the whole building is uniform but above the recommendations for 
poultry in terms of thermal comfort.

Figure 1: Spatial variation of enthalpy on 10 December 2013 at 2 p.m.
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Figure 2: Spatial variation of enthalpy on 12 December 12 at 12 p.m.

Conclusions

Enthalpy as a thermal comfort index showed temporal and spatial variation. Evaluation 
of the enthalpy values demonstrated that the poultry housing was not in a thermal 
comfort situation during the period studied. The index showed uniform behaviour 
throughout housing, with a relatively small difference between the maximum and 
minimum values observed.
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Abstract

As they are normally located in regions with warm weather and small temperature 
differences, Brazilian broiler producers usually opt for installations without thermal 
insulation of the sides of houses so that hybrid negative pressure tunnel ventilation can be 
used. However, chicks should be protected from cold stress during the early stages of life, 
especially in the winter. The question of whether the lack of side insulation compromises 
thermal comfort and adequate air speeds in the brooding area remains unanswered. It 
is known that, depending on their intensity and duration, poor thermal environments in 
early life may cause irreversible damage to broiler performance. The objective of this 
research was to use Computational Fluid Dynamics (CFD) to evaluate the air velocity and 
temperature profiles in the brooding area of a broiler barn during the chicks’ first week of 
life. The non-insulated barn had sides made up of double layers of polyethylene curtains, 
and was equipped with a negative pressure tunnel ventilation system. The full-scale CFD 
model was validated using air velocity data collected in a real barn. The computer model 
showed no statistical difference compared to real conditions in terms of air velocity. The 
results indicated a need to increase the distance between the double side curtains and 
roof-ceiling in order to increase insulation capacity. Alternatively, decreasing the floor 
area allocated to the birds and keeping them away from areas of relatively high wind 
speeds can be a solution, creating an environment which provides chicks with adequate 
comfort and welfare.

Keywords: Animal welfare, model validation, non-insulated installation, cold stress.

Introduction

Housing conditions and stocking densities have a direct influence on animal welfare 
(Baêta & Souza, 2010). Brazil lies in a predominantly warm climate region with a 
relatively small temperature range. The Brazilian broiler chicken industry is ranked as 
the third largest producer in the world, and the biggest exporter. Typical Brazilian broiler 
barns have little or no insulation on the sides, which are usually made of polyethylene 
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curtains, so that hybrid negative tunnel ventilation can be used, with the option of opening 
the side curtains for natural ventilation whenever the weather allows.
However, during their initial phase of life, the birds must be protected from cold stress 
and high air velocities, especially during the winter (Campos et al., 2013; Cordeiro et al., 
2010; Mendes et al., 2012). The lack of side-wall insulation in typical Brazilian broiler 
barns can jeopardise a comfortable indoor thermal environment and air velocities in the 
brooding area (Osorio Hernandez, Tinôco, Saraz, Rocha, & Garcia, 2013).
In environmentally controlled agricultural systems such as greenhouses and mechanically 
ventilated livestock barns, two methodologies have recently been used to analyse 
potential problems related to the indoor environment: (1) direct monitoring of indoor 
climate conditions (mainly dry bulb temperature, air velocity and relative humidity); and 
(2) predicting indoor climate variables by computer modelling (Bustamante et al., 2013). 
Computational fluid dynamics (CFD) is widely used to predict air motion patterns and 
indoor climate conditions in livestock barns (Takai et al., 2013). However, validation of 
numerical models with experimental data is crucial for reliability of predictions (Osorio 
Saraz, Ferreira Tinoco, Oliveira Rocha, Aredes Martins, & De Paula, 2011).
CFD modelling techniques can be used to identify the optimal design of poultry barns or 
improve thermal welfare in existing buildings by visualising flow patterns and detecting 
stagnation zones. CFD can also be applied to energy use optimisation in poultry operations 
(Bustamante et al., 2013; Kic & Zajicek, 2011; Zajicek, Kic, & others, 2012).
In studies such as those from Damasceno, Saraz, Mendes, Martin, & Martins, (2014) and 
Osorio-Hernandez et al., (2013), the heating efficiency and internal thermal environment 
of broiler breeding rooms were analysed using CFD modelling. However, there is little 
information in the current literature on spatial and temporal variability of air velocity 
inside mechanically ventilated broiler breeding rooms, and this area could be explored 
with CFD models.
The objective of this research was to enhance animal welfare by using CFD as a tool 
to evaluate the air velocity profiles inside a wind tunnel enclosed with side curtains and 
equipped with a negative pressure tunnel ventilation system for broilers during the first 
week of life.

Material and methods

Experimental site and characteristics of the broiler barn
This research study was carried out with one flock of Cobb®1 broilers in the first 
week of life. Measurements took place during the spring season at a commercial 
farm owned by an integrated company in the Brazilian state of Minas Gerais, located 
in the municipality of São Geraldo. The geographical coordinates of the barn are 
latitude 20°55’S , longitude 42°50’W and altitude 380 m. The local climate is 

1 Product or company names are mentioned for the sake of clarity. This does not 
imply endorsement by the authors or their affiliations, nor exclusion of other 
suitable products.
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classified as Aw (typical tropical) according to the Köppen system. The barn featured 
a negative pressure tunnel type ventilation system and was east-west oriented. Its 
dimensions were 14 m wide × 110 m long × 2.45 m high (Figure 1). The heating 
system comprised an external heat source (Termoaves CAC 30.000), with a dual-
tube system and an air flow of 6800 m3∙h-1 and outlet air temperature of 75°C. The 
heating system remained activated throughout the experimental period. The barn 
population was 23,000 chicks starting at 1 d of age. The litter consisted of first-use 
coffee hulls.

The chicks were kept in a brooding area which was   approximately 52 m long × 14 m 
wide. The brooding area itself was enclosed by polyethylene side curtains with a gap 
of 0.2 m at the top to allow minimum ventilation.

Figure 1. Layout of the negative pressure tunnel type ventilation barn with heating 
system

Data acquisition procedures
Exhaust fan capacity was monitored at the beginning and end of the experiment. 
Air velocity data were collected during day and night periods at 6 different points 
across the length of the barn in the central axis at heights of 0.20 and 1.50 m. An 
omnidirectional hot wire anemometer (Testo, model 425, operating range of 0 to 20 
m∙s-1, temperature range of -20° C to 50° C and resolution of 0.001 m∙s-1) was used. 
Two different sets of exhaust fans were active day and night. Average ventilation 
rates were 9.5 m3∙s-1 and 8 m3∙s-1 for the day and night periods, respectively. The 
ventilation rate was lower during the night-time in order to reduce heat losses.
To monitor the thermal environment, a uniform and equally spaced grid of 24 
temperature sensors was installed in the barn at bird height (0.20 m), distributed in 
two rows, 10 m long and 4 m apart. Outdoor air temperature and relative humidity 
were monitored with a sensor placed 20 m away from the barn, and protected against 
direct rain and solar radiation.
The sensors were connected to the grid system by 1-wireTM technology, with the 
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STRADA software developed by Rocha et al. (2008). Temperature sensors of the type 
DS18B20 (accuracy of 0.5°C in the temperature range -10°C to 85°C ) and relative 
humidity sensors of the type HIH400 (measuring range 0 to 100 % , ± 2% accuracy) 
were used in this study. The surface temperatures of the animals, curtains, heating 
pipes and litter were measured with an infrared temperature sensor (Testo, model 
830-t1, measurement range of -30°C to 400°C , 0.5°C resolution, 2% accuracy).

Modelling procedures
The heat flux generated by the chicks was determined via an energy balance for the 
barn. Heat exchanges by conduction and radiation were not included as the exposure 
areas (animal body surface) were very small (Baeta & Souza, 2010). Convective 
exchange of heat was determined with equation 1, as presented by (Ingram, Mount, 
& others, 1975). 

          [1]

where:    
Qc - Convective flux (W∙bird-1);
As - Superficial effective area (cm2∙bird-1);
h - Convective coefficient (W m-2∙°C-1);
Ts - Bird surface temperature (°C);
Tdb - Dry-bulb temperature (°C).

These authors also suggest that the convective coefficient should be calculated 
as a function of air thermal conductivity (K), the characteristic dimension of the 
animal (d) and the Nusselt number (Nu). The effective surface area of the animal 
was calculated by means of equation 3 , proposed by Curtis et al. (1983).

   
 
         [2] 

         [3]

where:
As - Animal superficial area (cm2∙bird-1);
W - Body weight (kg∙bird-1).
 
A 3D geometry of the poultry barn was developed in the computational domain using 
a Cad tool, at the scale of 1:1. The geometry was then imported into the software 
ANSYS® Icem CFD (version 13) for development of a tetrahedral mesh consisting 
of 118,989 nodes and 622,827elements.

 Q =A ×h× T -Tc s s db

Nu×Kh = 
d

0.71
sA = 8.2×W
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CFD-based computer models help to visualise scalar and vector fields of indoor 
environments by solving a set of equations which describe the fluid flow, commonly 
known as Navier-Stokes equations (equations 4 to 6) (Tu, Yeoh, & Liu, 2007).

Turbulence was modelled using the Standard k-ε turbulence method, which evaluates 
the viscosity (μτ) from a relationship between the turbulent kinetic energy (k) and 
the turbulent kinetic energy dissipation (ε). Two criteria were used to define solution 
convergence: (1) a mean square error (MSE) of the smallest solution of 10-4 and (2) a 
maximum number of 10,000 iterations. Since the heater remained active throughout 
the experimental data collection period, non-isothermal steady state simulations 
were performed.

Results and discussion

Table 1 shows the estimated heat production values for the animals. According to the 
calculations, the animals tended to lose more heat during the night than during the 
daytime. This happened because the temperature difference between the animals and 
the brooding environment was larger at night. The data in Table 1 were incorporated 
into the CFD model as boundary conditions.

Table 1. Heat generated by the animals for both day and night conditions during the 
first week of life

Period Population W (g) As (cm2) d (m) Ta (°C) Vair

(m∙s-1)
h

(W∙m-1∙°C-1)
Qchick

(W∙m-2)
Day 23,060 113 235.2 0.087 29.8 0.6 9.73 47.85

Night 23,060 113 235.2 0.087 27.0 0.5 8.91 81.66
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Figure 2. Air velocity vector field at a vertical plane at the centre of the barn during 
the night period

Figure 3 shows that one end of the brooding area is colder, with temperatures falling 
out of the birds’ comfort zone during the first week (T < 30 °C) (Abreu & Abreu, 
2011). However, air velocities near the animal occupied zone were not necessarily 
uncomfortable for the chicks (< 2 m∙s-1).

Figure 3. Temperature field on an imaginary horizontal plane at night

 

 

Figure 2 shows the vertical air velocity vector field in a plane placed at the centre of 
the barn during the night. The effect of the inner curtain on the air flow can also be 
seen, with estimated air velocity values up to 3 m∙s-1 at the gap between the ceiling 
and the side curtain. 
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The barn ventilation rate during the daytime was higher (19 m-3∙s-1) than at night 
(16 m3∙s-1); however this did not mean that the maximum air velocities in the barn 
occurred during the day. Figure 4 shows a box-plot chart for air velocity at a vertical 
plane in the middle of the barn, which compares the data obtained in the experiment 
with the simulated data obtained by CFD. The box-plots suggest greater variability 
of air velocities at night than during the daytime; this was due to the reduction in the 
area of the air passage.

Figure 4. Box-plots of air velocity data obtained from experimental measurements 
and CFD model

Non-uniform temperatures could be prevented by reducing the floor area occupied by 
the birds, thereby improving the thermal environment, or increasing the air passage 
area through the centre of the brooding area curtains.

Conclusions

•	 The computer model showed no statistical difference compared to real 
conditions, in terms of air velocity. Based on the results, 

•	 There was a clear need to increase the distance between the double side 
curtains and roof-ceiling to increase the insulation capacity. 

•	 Decreasing the floor area allocated to the birds and keeping them away 
from areas of relatively high wind speeds are potential solutions, creating 
an environment that provides the chicks with adequate comfort and welfare.
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Abstract

In regulations for free range systems, maximum distances from the house to the 
popholes are defined. For instance in the Dutch IKB and the German KAT regulations 
for keeping laying hens, a house that offers free range access only on one side of 
the house cannot be wider than 15 meters. However, it is unclear what the actual 
evidence is that birds will not move for more than 15 meters for access to free range 
or a winter garden. Therefore, the aim of this study was to identify whether distance 
from the popholes affects use of a winter garden in laying hens. To meet this aim, 
9% of a flock of 5600 non-beak trimmed Lohmann Brown birds were tagged using 
RFID transponders, with antennas placed at the popholes. The house had a width of 
31 meters and was divided in six rows of a Bolegg Terrace aviary system, with row 
one being closest to the outdoor run and row six being furthest away. In each row, 80 
hens were caught and tagged, while perching at night. Access to the winter garden 
was measured for a six-week period. We here show that use of the winter garden was 
high, with 60% of all the tagged hens visiting the winter garden on 80 to a 100% 
of the days. Furthermore, although small differences in use of the winter garden 
between birds tagged at different rows were found, these could not be related to the 
distance of the row to the popholes. In conclusion, distance to popholes did not affect 
use of the winter garden in laying hens.

Keywords: RFID tags, outdoor run use, laying hen, free range

Introduction

With increasing consumer demand for eggs from welfare-friendly production 
systems, farmers consider adapting their existing buildings to match this demand. 
This is for instance done in laying hens by adding access to a covered winter garden 
or to an outdoor free range area on one side of the house. These changes to existing 
systems are frequently restricted, however, by existing regulations. In regulations for 
free range systems, maximum distances from the house to the popholes are defined. 
For instance in the Dutch IKB and the German KAT regulations for keeping laying 
hens, a house that offers free range access only on one side of the house cannot 
be wider than 15 meters. However, it is unclear what the actual evidence is that 
birds will not move for more than 15 meters for access to free range or a winter 
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garden. New technology, such as the use of RFID transponders and antennas, offers 
possibilities to measure the use of specific areas in the house automatically at an 
individual level (Richards et al., 2011; Gebhardt-Henrich et al., 2014; Rodenburg 
and Naguib, 2014). Therefore, the aim of this study was to identify whether distance 
to the popholes affects use of a winter garden in laying hens, using RFID technology.

Material and Methods

Animals and experimental design

Measurements were conducted at a commercial farm, using a Lohmann Brown flock 
of 5,600 birds, housed in the front compartment of a commercial aviary house. The 
house had a width of 31 meters and was divided in 6 rows of a Vencomatic Bolegg 
Terrace aviary system, with row 1 being closest to the winter garden and row 6 the 
furthest away. The winter garden consisted of a covered outdoor area with litter and 
large alfalfa hay bales. In each row, approximately 80 hens were caught and tagged, 
while perching at night (485 birds in total, or 9% of the flock). Antennas were placed 
in the popholes giving access to the winter garden and connected to a decoder. The 
decoders were placed in an RS485 network. A USB data logger was used to collect 
the data on a USB stick. Each time a tagged hen passed the antenna, date, time and 
ID were recorded. Access to the winter garden was measured for a six-week period 
(June-July 2014). On some days the hens had access to a small pasture, adjacent 
to the winter garden. This was recorded as well. Also the weather was included in 
the dataset, for which data on rain and temperature were collected from a nearby 
weather station. Furthermore, the roosting location of tagged hens was investigated 
by recording their location with a hand-held reader with external pole antenna during 
and after the measurements on use of the outdoor run, to investigate whether hens 
have a fixed roosting location or not. 

Statistical analysis

RFID data were reduced to hens either visiting or not visiting the winter garden 
each day. A binomial General Linearized Mixed Model with a logit link function 
was used to determine if daily registration at the popholes was influenced by fixed 
factors row (original row in which the hens were tagged) and access to the pasture. 
Furthermore, rain and temperature were included as random factors. Also, the 
interaction between weather and access to the pasture was included. For roosting 
location, three measurements were included: location at tagging, during and after 
measurements of winter garden use. Only hens encountered during all three events 
were included (n=45). A multinomial GLMM with a cumulative logit link function 
was used to determine if location at which the hens were found during the second and 
third measurement was dependent on the location where they were tagged originally. 
Date was included as a random factor to correct for repeated measurements on the 
same animals. 
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Results and Discussion

Over 40% of all tagged hens visited the winter garden daily and over 60% of all the 
tagged hens visit the winter garden on 80 to 100% of the days the winter garden was 
available to them, while less than 15% of the hens did not visit the winter garden 
(Figure 1). Although there were differences in use of the winter garden between birds 
from different rows, these differences were not linked to the distance to the popholes. 
Use of the winter garden by birds from row 6, furthest away from the popholes, was 
equal to that of birds from row 1, closest to the popholes (Figure 1). 

 

Figure 1. Percentage of hens from each row in the aviary system per category of 
winter garden use, ranging from 0% (no visits) on the left to 100% (visit every day) 
on the right

The interaction between rain and access to the pasture had an effect on use of the 
winter garden, with lower use in rainy weather with access to the pasture (F1, 207 = 
5.01, p<0.05). Temperature did not have an effect on use of the outdoor run. For 
roosting location, little consistency could be found between the three measurements 
(Figure 2). The location at tagging did not influence the location where the hens 
were recorded for measurement 2 or 3 (F5,84=0.76, p=0.58). Likewise, location at 
measurement 2 did not predict location at measurement 3 (F4,36=2.58, p=0.05), 
although a slightly higher percentage of matches were found here (10% versus 5% 
similar). 
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Figure 2 Match between roosting spots at tagging (1) with roosting spots when recording 
with the hand antenna (2 and 3) of the 45 hens located at each time

Taken together, the results show that the use of the winter garden was high, with 60% 
of all the tagged hens visiting the winter garden on 80 to a 100% of the days it was 
available to them. These results are similar to recent studies by Richards et al. (2011) and 
Gebhardt-Henrich et al. (2014), whereas the birds in their studies were actual free range 
flocks which also had access to an outdoor range, connected to the winter garden. The 
high use of the winter garden in our study, indicates that it was attractive to the hens, even 
on days when they did not have additional access to pasture. This is probably due to the 
availability of litter and roughage for foraging behaviour. 

Most interestingly, the distance of the row where the birds were tagged to the popholes 
did not affect use of the winter garden, even though distance to the popholes from the 
furthest row was more than twice the distance used by the studies mentioned above. This 
indicates that the claim that the effect of the width of the house on use of a winter garden 
or outdoor run needs to be investigated further. 

Rainy weather mainly affected use of the pasture and not directly that of the winter 
garden. This confirms that the winter garden protects the birds from aversive weather 
conditions and offers a stable environment with day light, fresh air and good and dry litter 
for foraging and dust bathing. Finally, we found no evidence for a fixed roosting location 
in the small subsample of 45 hens that was located at each of the three measuring points. 
This seems to contradict two previous studies, were some evidence for fixed locations 
and subgroup formation were found (Oden et al., 2000; Moesta et al., 2012). However, 
these studies focused more on short-term changes in bird roosting locations, while our 
measuring points were further apart. In a further study, this needs to be investigated 
further in a larger sample of birds.
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The RFID system used in this study performed well in the commercial farm environment. 
The fact the RFID transponders are relatively inexpensive allowed us to equip a relatively 
large number of animals with a transponder, allowing us to obtain a reliable impression 
of overall use of the winter garden. 

Conclusions

We found that use of the winter garden was high, with 60% of all the tagged hens visiting 
the winter garden on 80 to a 100% of the days it was available to them. Furthermore, 
although small differences in use of the winter garden between birds tagged at different 
rows were found, these could not be related to the distance of the row to the popholes. 
Distance to popholes did not affect use of the winter garden in laying hens. From 
measuring location of 45 tagged hens at three different time points, we found that hens 
showed little consistency in roosting location. This casts doubts on the hypothesis that 
hens in large flocks have a fixed roosting location, but needs to be investigated further. 
The RFID system used in this study worked well to record use of the winter garden in a 
commercial flock of laying hens. This technology can be developed further to measure 
use of specific resources in animal production systems.
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Abstract

Wind mapping is of utmost importance in various environmental engineering 
applications concerning pollution dispersion. The available wind atlases 
usually provide wind data with low spatial resolution relative to pollution 
spread mechanisms and usually neglect the effect of topographic features with 
relatively large or sharp changes in elevation. A benchmark case is studied 
for computational fluid dynamics (CFD) model evaluation on smooth two-
dimensional 2D hill, where the distributions patterns are examined and compared 
with available measurements obtained from literature. Thereafter, a procedure 
is introduced to build CFD model of a flyover complex terrain with moderate 
roughness heights (plants with various height and sparse agricultural building 
density) initializing from existing topography maps in order to properly extend the 
predictions over a prototype complex area. CFD simulations are carried out using 
Reynolds Averaged  Navier–Stokes (RANS) equations, to examine two widely 
used turbulence models on two roughness heights, and spatial discretization 
models comparing the distributions patterns of the pollutant tracer gas, which 
has the diffusive action of the NH3.The study shows that CFD simulations can 
be successfully used in qualifying and quantifying the flow and the dispersion 
pattern of the pollutant species emitted by several point sources over complex 
topography consisting of various roughness heights, enabling to map estimations 
for the flow and mainly for the dispersive-diffusive pollutant structure with 
high spatial resolution. Additionally, the numerical parameters impact, such as 
convective and diffusive discretization schemes are also investigated. 

Keywords: CFD, turbulence models, discretization schemes, pollutant 
agricultural emissions, complex terrains

Introduction

The study of wind flow and pollutant dispersion over complex terrains is an 
essential and powerful tool for addressing the implications of environmental 
settings such a  livestock farming against the conservation of the site’s integrity 
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and can be beneficial in multiple ways. Proper natural ventilation techniques, 
prevention of epidemic outbreaks and environmental protection are just few 
examples. Computational fluid dynamics is the best tool to be employed when 
wind mapping and dispersion patterns of pollutant species emitted by several point 
sources over complex topography, are under investigation. The topographical 
complexity of the terrain is accurately modelled on the basis of a geographic 
information system (GIS).
Recently, a considerable literature has accumulated on the subject. For instance, 
Prospathopoulos and Voutsinas (2006) dealt with certain numerical aspects 
of the wind flow predictions over complex terrain. Then, Rasouli and Hangan 
(2013) proposed a procedure for microscale wind mapping and flow simulation 
over the same complex topography. Scargiali et al. (2005) studied the heavy gas 
dispersion modelling over a complex topographically and Pawar et al. (2005) 
analyzed the ventilation of poultry houses using CFD. In their study, the spread 
of small contaminant particles such as virus particles was considered to be 
analogous to the diffusion of a tracer gas.

This study aims to address the flow patterns and the distribution of ammonia 
concentration around five poultry houses which are located in a complex using 
computational fluid dynamics. Two different RANS turbulence models in 
conjunction with two different spatial discretization models on two roughness 
heights are under investigation. The turbulence models applied are the standard 
k-ε and RSM, while the examined spatial discretization schemes are the second 
order upwind (SOU) and the quadratic upwind differencing scheme (QUICK). 
Regarding the terrain roughness height two cases are considered, an urban 
(Zo=1.0) and a suburban area (Zo=0.4). The atmospheric boundary layer is taken 
medium height and the wind speed is 5.0 m/s at 10.0 m height in the direction 
normal. For confirmation, the wind flow over a two-dimensional hump is also 
evaluated. Ultimately, this aim of this study is to verify the ability of those 
turbulence models to simulate the wind flow and the ammonia dispersion around 
five poultry houses located in real topography.  

Material and Methods

Geometry and grid generation

The geometry creation step is preliminary for CFD modelling of complex terrains.  
The selected domain is a mountainous area around the five poultry farms which 
are located at the North-West Greece. The dimension of the computation domain 
is 3.6x3.6 km2 and the terrain elevation difference is 520.0 m (Figure 1). To 
generate the CFD grid, three steps have to be considered. These are: the GIS data 
conversion, the geometry model construction and the grid generation. 
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Figure 1: Satellite photo of the selected mountainous area (Google maps).

The GIS data format that is being used is the digital elevation model (DEM) of the 
region, provided by the National Aeronautics and Space Administration (NASA) 
Shuttle Radar Topographic Mission (SRTM). 

This format must be converted into a NURBS (no uniform rational basis spline) 
surface model in order to be used as an input for geometry and grid generation CFD 
pre-processors. The conversion is accomplished via the GIS software where with 
the DEM file is converted into digitized elevation contours maps. Moreover CAD 
software converts the contour map into a NURBS surface. The poultry houses are 
modelled explicitly, by only their main shape. Figure 2 represents the constructed 
complex terrain and the poultry houses. 

The next step is to design the computational domain over the surface model. The 
orientation of the domain is such that X axis is horizontal from west to east, the 
Y axis direction is horizontal from south to north and Z axis is the vertical. The 
computational domain extends 3600 m in the X and Y direction and 1078 m in the 
Z direction. The domain is sufficiently large to allow the development of the input 
profile and satisfy the boundary conditions of the output. The computational domain 
is demonstrated in Figure 3a). 

The third step is the grid generation. In this study the Cutcell Cartesian meshing 
method is chosen. This is an automated method that produces mainly hexahedral 
cells in Cartesian layout. The mesh quality is controlled by using a much more 
refined mesh, the inflation layer, near the ground surface and around the poultry 
houses. The inflation layer was created with the smooth transition algorithm which 
automatically determines the rate growth of the adjacent cells. Finally, the grid cell 
number is 1,305,886 totally and the average orthogonal quality is 0.927.  The mesh 
and the inflation layer are demonstrated in Figure 3b) and 3c) respectively.
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 a)                                                          b)

Figure 2: a) The surface model and b) position of poultry houses.

   

  a)                                                b)                                                                  c)

Figure 3: a) The computational domain, b) a part of the mesh and c) the inflation 
layer around the poultry houses and the ground.

Turbulence model confirmation

Rasouli and Hangan (2013) focused on a benchmark case for CFD model evaluation 
on a smooth 2D hill, where the distributions patterns are examined and compared 
with measurements obtained from literature. The NASA hump model is introduced 
as a representation of a two-dimensional hill (Figure 4a). The wind flow around 
this geometric model involves phenomena such as impingement, boundary layer 
separation and reattachment.This type of phenomena is also likely to occur when 
wind flows over un-flat and rough terrains. The reproduction of this two-dimensional 
simulation is chosen to validate and confirm the turbulence models applied in this 
study. In Figures 4b,c the output velocity profiles are illustrated and compared with 
the velocity profiles of Rasouli and Hangan (2013).
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a)

                   

b)                                                                                            c)

Figure 4: a) The NASA hump model profile and the velocity profiles over the hump 
for SST k-ω and RSM turbulence models b) at line C3 and c) line C4.

Numerical model 

The flow over the mountainous surface is considered steady. The dimension of the 
computational domain is small enough so that it can be correctly assumed that the 
time required for a particle to pass through the region is much smaller than the time 
over which meteorological conditions significantly evolve (Prospathopoulos and 
Voutsinas, 2006).
The FLUENT CFD code is used to simulate the NH3 dispersion. The leakage and 
dispersion of the NH3 gas can be characterized as ‘species mixing problem without 
reactions’ model. 

The first imposed RANS turbulence model is the standard k-ε model which is based 
on isotropic turbulent viscosity hypothesis and the second one is the RSM model 
which closes the Reynolds-averaged Navier-Stokes equations by solving transport 
equations for the Reynolds stresses, joined with an equation for the dissipation rate. 
Both models are combined with standard wall functions wall functions. 
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The inlet boundary is a velocity inlet described by a specified profile of mean 
velocity, turbulence kinetic energy, turbulent dissipation rate and Reynolds stresses. 
These values are calculated based on the field characteristics where poultry houses 
are built on, such as the roughness height Zo,  the free stream wind velocity at 50.0 
m  height U(z=50), and the height above the ground Z. The atmospheric stability is 
considered as near-neutral since these conditions usually trigger enhanced pollution 
events. The velocity profiles are given by the relation (1), where u* is the friction 
velocity, k = 0.4 is the Von Kraman constant and a, is an exponent given by the 
relation (2) (Bergeles, 1995).

     And               (1)                             (2)

The user defined profiles of turbulence characteristics along the vertical axis are 
given by relations (3), (4) and (5). Where d is the typical atmospheric boundary layer 
thickness (Ahmad et al, 2005).

              (3)                (4)                                 (5)

Regarding the outlet boundary is set as pressure outlet. The top and the side walls of 
the domain are assigned symmetry boundary conditions and the terrain surface and 
the surrounding walls of the poultry houses are considered as non-slip walls without 
roughness. In this simulation the vertical walls of the poultry houses coincide with the 
position where source of NH3 gas leaks with constant mass fraction 2.21x10-6 (Saraz, 
2010). The NH3 diffusion coefficient, for laminar flows, is given by equation (6), 
proposed by National Research Council (2003). For turbulent flows this coefficient 
is adjusted with the turbulent Schmidt number Sct. T and P, are the local temperature 
and pressure and Mx and Σvx are the molecular weight and the molar volume of the 
mixture gas of air and ammonia. 

                                                                   (6)

Results and Discussion

In this section are demonstrated the following solution variables. The velocity 
profiles at a point, the NH3 mass fraction contours at two different planes and the 
isosurface of NH3 mass fraction.  

The velocity profiles of the two different RANS models (standard k-ε and RSM) in 
conjunction with two different spatial discretization models (QUICK and SOU) for 
both roughness heights (Zo=0.4 and Zo=1.0) are shown in Figure 5. The location of 
these profiles is 150.0 m in front of the poultry houses as illustrated in Figure 5a), the 

           

,       )       ,      
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maximum inlet velocity, Uoo  equals 5.0 m/s and the reference height is the highest 
terrain altitude hc=520.0 m. The velocity profiles reveal that the RSM model results 
exhibit higher velocity values and kinetic energy until the dimensionless height of 
0.4. Beyond this frame there is no significant difference.

a)

                                 

b)                                                                    c)

Figure 5: a) Line of the profile b) the velocity profiles for roughness height Zo=0.4 
and c) the velocity profiles for roughness height Zo=1.0.

The NH3 mass fraction contours are shown in Figure 6 and Figure 7.  Plane 1 is 
located in the middle of the X-axis (Figure 6a) and plane 2, is displayed 150.0 m far 
from the poultry houses. The direction of the wind is normal to the inlet boundary. 
All the case studies lead to similar results. 

                                                     

a)                                                                                b)

Figure 6:  a) Location of the plane 1 and b) the NH3 Mass Fraction at the plane.
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a)                                                                                     b)

Figure 7: a) Location of the plane 2 and b) the NH3 Mass Fraction at the plane.

The results reveal that there are no regions with concentrations higher than the initial 
source mass fraction 2.21x10-6. This means that airflow tends to diffuse effectively 
the NH3 gas concentration away from the poultry houses. Consequently, contours are 
drawn in a smaller range of values, with upper limit a mass fraction of 2.0774x10-7. 
The air naturally carries the NH3 concentration around the two last poultry houses, 
which are mostly affected as Figure 6b shows. However, the aspect ratio between 
these two poultry houses is large resulting in an interacting flow field between them, 
which does not allow the NH3 concentration easily to be dispersed in the flow field. 
From the displayed image of Figure 7, it is observed that the concentration away 
from the poultry houses is small. At low concentrations, the gas plume extents 
almost 1.0 km far from the poultry houses, in parallel direction to the streamlines as 
demonstrated in Figure 8.

Figure 8: Streamlines and gas plume of NH3 mass fraction.

Conclusions

Computational fluid dynamics was used to simulate flow patterns and distribution of 
ammonia concentration around five poultry houses located in complex terrain. The 
topographical complexity of the terrain was represented accurately. The ability of two 
turbulence models (standard k-e and RSM) to simulate this flow field was tested. The 
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models were used in conjunction with two different spatial discretization’s schemes 
(SOU and QUICK) and two different heights of roughness (Zo=0.4 and Zo=1.0). 
The results show that RSM model exhibits higher velocity values and kinetic energy 
until the 19.3% of the total height of the computational domain, while the dispersion 
patterns are similar for all cases. The different spatial discretization schemes and 
roughness heights did not differentiate the results of the turbulence models.
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Abstract

Understanding and properly managing behavioral responses of prewean piglets to 
the farrowing environment can improve well-being and pre-weaning performance 
of the piglets. This paper aims to quantify piglet location in the farrowing crate as 
affected by the lactating sow’s lying posture. Each farrowing crate was equipped 
with one suspended heat lamp as the localized heat source for the piglets on one 
side of the sow. Digital and depth images of the sows and litters were collected, 
processed and analyzed to address the objective. The preliminary results reveal that 
piglets spend a greater amount of time on the sow’s udders side when the udders 
are facing the heat lamp (82.2% udders side vs. 17.8% backside) as compared to 
when her back is facing the heat lamp (40.5% udder side vs. 59.5% backside). Data 
collection and analysis are continuing and enhanced results will be reported in the 
foreseeable future.

Keywords: digital image, depth image, sow lying posture, piglets distribution

Introduction

The newborn and prewean piglets have lower resistance to health challenges. Cold 
stress adversely affects piglet growth and leads to diarrhea, cough and other diseases, 
all of which contribute to increased mortality and reduced economic efficiency of 
the operation. Thus, a warm microenvironment is usually provided to the piglets. 
Heat lamps are often used to provide localized heating to piglets in farrowing 
crates. Starvation and crushing by the sow are the other two main causes of piglet 
preweaning mortality. Thus, lying behaviors of the sow influence piglet survival 
(Valros et al., 2003). Understanding the relationship between heat lamp location 
and sow’s lying side preference (Hrupka et al., 1998) and the associated piglets’ 
distribution can provide a reference for improved housing design and management 
of farrowing operation. Ultimately such knowledge will lead to improved well-
being of piglets and enhanced production efficiency. 
Digital image analysis is a common method used to automatically monitor animal 
behavior and welfare (Ostersen et al., 2010; Shao and Xin, 2008; Kristensen 
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and Cornou, 2011). It focuses on the animal’s horizontal distribution attributes, 
whereas depth image analysis helps detecting the animal’s vertical distribution 
attributes (Gregersen et al., 2013), e.g., automatic detection of animal lameness 
(Van Hertem et al., 2013; Viazzi et al., 2013). Combination of digital image and 
depth image offers greater potential for livestock monitoring because it provides 
more information about animal behaviors than either digital image or depth image 
can provide alone. This paper aims to describe a method and its application for 
quantifying distribution/location of piglets as affected by the lactating sow’s 
lying posture, i.e., her udders or backside facing the localized heat source in the 
farrowing crates. Namely, the method employs simultaneous processing of the 
digital and depth images of the sow and litter. 

Material and Methods

Experiment and data collection
Three farrowing crates were selected at the swine research facility of the USDA-
ARS Meat Animal Research Center, Clay Center, Nebraska, USA. Each farrowing 
crate housed one Landrace sow and her litter at 1-20 days of age during the 
monitoring period. The farrowing crates were 1.5 m W×2.1 m L with 0.6m wide 
sow area. Room temperature was kept at about 22° C. One heat lamp (175 W) was 
suspended above the creep area to the sow’s left. 
The experiment was carried out during the period of January 21- February 9, 2015. 
Images were collected for 6 days (piglet ages of 5, 7, 10, 14, 17 and 20 d) in crate 
1, 10 days (piglet ages of 1 to 5, 7, 10, 14, 17 and 20 d) in crate 2, and 8 days 
(piglet ages of 3 to 5, 7, 10, 14, 17 and 20 d) in crate 3. The recording duration 
was 12 hours (5:08 to 17:20 h) for each monitoring day, with the exception of 9 
hours (8:12 to 17:20 h) in crate 3 at piglet age of 3 d. Three top-view 3D Kinect 
for Windows (Microsoft Corp., Washington, USA) cameras were used to monitor 
the farrowing crates (Figure 1a). The cameras were installed 2.2 m above the crate 
floor and captured digital images in JPEG format and depth images in text format. 
Both images had a resolution of 640´480 pixels. The Kinect camera was connected 
via a USB port to a computer which stored the digital and depth images for further 
analysis. The images were recorded at 30-second intervals. 

Image processing principles and algorithms
Our image-processing and analysis system was developed using the MATLAB 
R2010a software. The computational system identified the sow’s lying posture 
based on the depth data of the image and her lying side (udders or backside facing 
the heat lamp) based on the digital image data. The system further computed the 
piglets’ in-crate distribution.

1. Image processing method
The digital images were processed by applying background subtraction to segment 
the pigs from the background. It included the following steps and procedures. 
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a. Use RGB digital image as an input image to subtract the background image.
b. Remove some boundary area of the farrowing crates to reduce noise effect 

and speed up the processing.
c. Change image to gray scale and then to binary image.
d. Apply a morphological filter to the image to enhance the pigs from the 

background and then open binary image to remove small objects and noises
e. Eliminate the impact of the crate pipes by vertical line filling to reconstruct 

the sow area blocked by the pipes.
f. Fill the holes in the binary image to obtain smooth images of the sow and 

the piglets.
g. Extract important features, including the sow’s centroid coordinates  

( , ), leftmost and rightmost pixel coordinates, the equation of fitting 
ellipse major axis, the direction angle  between the major axis and the 
horizontal axis, upper and lower contour pixel sets divided by major axis, 
and the areas of piglets in the heated (with heat lamp) vs. non-heated (no 
heat lamp) side.

Depth image processing focused on the height of the sow pixels. We also needed to 
reconstruct the sow area blocked by the pipes the same way as with the digital image 
processing. The sow’s centroid y coordinate, leftmost and rightmost x coordinates 
were used to locate the sow’s range. A horizontal line passing through the sow’s 
centroid was drawn. For each pixel on this line, a height value was computed. An 
average of five consecutive height values, , was computed and used to 
represent the height along the longitudinal direction, as shown in equation (1). 
Then the max height and average height of the height data series associated with 
this line were obtained and used to determine the sow’s posture (standing, lying, or 
transitioning from lying to standing, vice versa). 
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Figure 1 shows the digital and depth images processing effect diagram.

 

Figure 1. a) Raw digital image, b) processed digital image, and c) processed depth 
image of sow and litter in a farrowing crate.
Using max height as the lying-posture classification criterion, if the max height is < 
50 cm, the sow is classified as in lying posture. Once the sow was determined to be 
in her lying posture, the parameters extracted from the digital image were used to 
further classify the sow into lying with either her “udders facing the heat lamp” or 
her “backside facing the heat lamp”.
When examining the contour of the sow we can see that the udders side has a rather 
jagged profile relative to the backside. As such the distance between the contour edge 
and the major axis has much higher variability (expressed as standard deviation) for 
the udders side than for the backside. However, in some cases the head and the tail 
parts may cause errors. An example is when piglets are in contact with the sow’s head 
or end. To avoid such errors, in our analysis the x range started from the leftmost 
+ 100 pixels to the rightmost − 100 pixels (Figure 2). The standard deviations are 
calculated using equations (2) to (5).

Major axis equation:

Rearranging eq. (2):

Distance between the contour point ( , ) and major axis, :

  
 (4)
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Standard deviation, std:

Figure 2. Illustration of standard deviation calculation process

Results and Discussion

Lying posture classification
Selected data (4 days data in crate 1, 3 days data in crate 2 and 1 day data in crate 3) 
were used to verify the algorithm. The accuracies for the lying posture and lying side 
classifications by the image processing and analysis algorithms vs. manual labeling 
(i.e., human observation) are presented in Table 1 for lying posture and in Table 2 
for lying side. As shown by the data in Table 1, out of the selected 10,040 total depth 
images and the same number of digital images, the classification algorithm correctly 
recognized 8494 lying posture and incorrectly recognized 2 other postures (sitting, 
standing) as lying posture. This resulted in a classification accuracy of 99.98%. Table 
1 also shows that 4 lying posture were incorrectly classified as other postures, while 
1540 other postures were correctly classified, yielding a classification accuracy of 
99.74%. The results showed that sows expend approximately 84.6% her time lying 
down during the 12-hour monitoring period (5 am to 5 pm). The lying-posture dataset 
was used to further analyze lying side.
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Table 1. Classification rate of sow’s lying posture

From/To Lying Other posture Rate of 
accuracy

Classified by the 
analysis algorithm Lying 8494               2       99.98%

Other 
postures        4         1540       99.74%

Sensitivity: 
99.95%

Specificity: 
99.87%

As shown by the data in Table 2, a total of 3603 “Udders facing heat lamp” images 
were correctly classified while 82 “Backside facing heat lamp” were misclassified 
as such behaviors, yielding a classification accuracy of 97.77%. For a total of 4810 
“Backside facing heat lamp” recognition results, the classification algorithm correctly 
classified 4685 and incorrectly classified 125, namely, a 97.40% classification 
accuracy.
More detailed measurements of the algorithm performance are expressed in terms of 
sensitivity and specificity values. Sensitivity refers to the ability of a classification 
algorithm to identify the positive results, in this case the percentage of actual 
lying posture or lying side that was recognized. The lowest sensitivity value was 
approximately 96.65%, primarily attributable to the posture that the sow rested 
between sternal and recumbent positions, resulting in part of her udders exposed to 
the piglets.

Table 2. Classification rate of the sow’s lying side

From/To Udders facing 
heat lamp

Backside facing
heat lamp

Rate of 
accuracy

Classified by the  
analysis 
algorithm

Udders facing heat 
lamp 3603 82 97.77%

Back facing heat 
lamp 125 4685 97.40%

Sensitivity: 
96.65%

Specificity: 
98.69%

Table 3 summarizes the number and percentage of the sow’s resting position during 
the 20-day monitoring period when the sow’s udders or backside faced the heat 
lamp. Overall the sows tended to lay more with her udders facing the heat lamp 
than her backside facing the heat lamp, 57.5% vs. 42.5%. However, considerable 
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variation existed among the sows (CV = 19.3% for udders facing heat lamp and CV 
= 26.1% for backside facing heat lamp). This variability points the need to increase 
the sample size (number of sows monitored) which is being accomplished through 
additional data collection. 

Table 3. Number and percentage of the sow’s udders or backside facing the heat 
lamp during the 20-day monitoring period (piglet age of 1 to 20 d)
 

Lying position Sow 1 (%) Sow 2 (%) Sow 3 (%) Mean ±SD (%) CV (%)

Udders facing 
heat lamp

2529 
(45.0%)

6870 
(61.1%)

3320 
(66.3%) (57.5±11.1)% 19.3%

Backside facing 
heat lamp

3087 
(55.0%)

4369 
(38.9%)

1684 
(33.7%) (42.5±11.1)% 26.1%

Distribution of the piglets
Distribution of the piglets in the heated and unheated sides of the crates were 
calculated after the algorithm classified the sow’s lying posture and her lying 
side. Figure 3 shows the temporal profiles of each sow’s postures during the 
monitoring period. Figures 4 and 5 depict the distribution of the piglets when 
the sow’s udders and backside were facing the heat lamp, respectively. Table 4 
shows the average ratio of piglets pixels in the heated vs. unheated area.
It is clear from the data that when the sow’s udders were facing the heat lamp, 
the vast majority of the piglets spent their time on the heated/udders side. In 
comparison, when the sow’s back was facing the heat lamp, the time spent by 
the piglets in the unheated/udders side increased considerably, although portion 
of the piglets remained in the heated side. This outcome has the implication that 
piglets on the unheated/udders side would be more vulnerable to cold environment 
while piglets on the heated/backside may not take in as much milk as they would 
otherwise. It can also be noticed that more than 90% piglet distribution in the 
heated side in the first 5 days regardless of the sow’s lying side. However, after 
the piglets reached 10 days of age, they spent nearly the same amount of time 
on both sides. It can also be seen that the contrast in piglet distribution between 
the heated and unheated sides was not as obvious in crate 1 as compared to other 
two crates. This outcome could have been caused by the sow spending more 
time facing her back to the heat lamp (Table 3), and as such the piglets had to 
go to the unheated/udders side to get milk. Table 4 reveals that piglets spent a 
greater amount of time on the sow’s udders side when the udders were facing 
the heat lamp (82.2% udders side vs. 17.8% backside) as compared to when the 
sow’s backside was facing the heat lamp (40.5% udder side vs. 59.5% backside). 
Overall, the piglets spent 72.5% on the heated side and 27.5% on the unheated 
side while the sow was lying down.
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Figure 3. Sow behaviors during the monitoring period (LB/LU stands for sow lying 
down with her backside/udders facing the heat lamp; SI stands for sow sitting; and 
ST stands for sow standing).

 

Figure 4. Piglet distributions in the heated and unheated areas when the sow was 
lying down with her udders facing the heat lamp.
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Figure 5. Piglet distributions in the heated and unheated areas when the sow is lying 
down and her backside facing the heat lamp.

Table 4. Distribution (%) of piglets for different sow’s lying-down positions (mean )

Crate No. 
(No. of days 
monitored)

Udders facing heat 
lamp

Backside facing heat 
lamp Overall (Combined)

Heated 
side

Unheated 
side

Heated 
side

Unheated 
side

Heated 
side

Unheated 
side

Crate 1 (6)

Crate 2 (10)

Crate 3 (8)

Average

Conclusions

An automated algorithm for processing and analyzing depth and digital images of 
sow’s postural behaviors and distribution of piglets in farrowing crates was developed 
and applied. Classification of the sow and piglets behaviors with the algorithm 
demonstrates high degree of accuracy. Preliminary results reveal that piglets spend a 
much greater amount of time on the sow’s udders side when the udders are facing the 
heat lamp (82.2% udders side vs. 17.8% back side) as compared to when her backside 
is facing the heat lamp (40.5% udder side vs. 59.5% back side). Work is ongoing to 
quantify the sow’s lying-down postural positions and piglet’s distributions under 
different rearing conditions such as heat lamp position and farrow crate size and 
configuration. Future work will also attempt to quantify the feeding/suckling time of 
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the piglets and their distribution time in the heated and unheated areas. Information 
of this nature is expected to provide insight or reference for improved design and 
management of swine farrowing facility and operation.
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Abstract

The aim of this research was to build up an ultra high-frequency radio frequency 
identification (UHF-RFID) system for simultaneous hotspot monitoring of fattening 
pigs. Visiting events of the pigs were registered at a drinker, a feed trough and a 
device with play material (“Porky Play”). Eight fattening pigs in a research barn 
were each tagged with a UHF-RFID ear tag. A reader with four external antennas 
was used for monitoring the hotspots. The RFID data were stored in a database 
and visiting events were created by aggregation of single readings. Frequency 
and duration of the RFID events were validated by video observation. First tests 
showed that the radiated power strongly influenced the results. Validation yielded 
a sensitivity of the RFID system between 20 % and 90 %, depending on the power 
radiated, place monitored and aggregation parameters for RFID events. The results 
indicate an optimisation potential by means of antenna orientation and aggregation 
parameters. The optimised UHF-RFID system is supposed to support long-time 
continuous health and behaviour monitoring of pigs in the future.

Keywords: ultra high-frequency radio frequency identification, UHF-RFID, animal 
monitoring, fattening pigs, video validation

Introduction

Health and activity monitoring on the level of the individual animal has become a 
very important issue in pig farming over recent years due to increasing herd sizes. 
Additionally, the growing consumer interest in animal welfare, transparency of 
production methods and product traceability are triggering innovations in precision 
livestock farming for a better surveillance of the farming process (Adam, 2011; 
Scalera et al., 2013). The basis of all monitoring applications is an individual 
identification of the animals. The use of low-frequency radio frequency identification 
(LF-RFID) is very common in animal husbandry. In addition to the recording of 
breeding and traceability data in pig production, the technology is also used for on-
farm management purposes, such as the registration of sows at feeding stations. 
Research has also been conducted on the use of LF-RFID for monitoring oestrus 
and the health status of pregnant sows (Hinrichs & Hoy, 2010; Junge et al., 2012). 
However, simultaneous identification of multiple transponders using LF-RFID is not 
feasible due to low data rates. By contrast, high-frequency (HF-RFID) and ultra-
high frequency RFID (UHF-RFID) can offer a wider range of applications in pig 
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production due to the efficient use of anti-collision algorithms for simultaneous 
identification (Adrion et al., 2014; Hammer et al., 2015; Hogewerf et al., 2013; 
Maselyne et al., 2014; Stekeler et al., 2011; Umstatter et al., 2014). This study is 
part of a joint research project during which UHF ear tags and readers are developed 
especially for the identification of pigs and cattle. In the field trial presented, a UHF-
RFID system consisting of newly developed transponder ear tags and a reader with 
four external antennas was installed in a research barn for the purpose of monitoring 
the visiting events of group-housed fattening pigs at a trough, a drinker and a device 
with play material (“Porky Play”). The aim of this research was to adjust the system 
in such a way that the number and duration of the visits could be precisely detected. 
With this data, a health and activity monitoring system for fattening pigs could be 
established in the future.

Material and methods

Research barn, animals and technical equipment
The tests were conducted in one pen of a conventional fattening pig barn at the 
Agricultural Sciences Experimental Station of the University of Hohenheim from 
October 29 to November 16, 2014. One-third of the pen observed, total size 3.25 m 
x 7.85 m, was equipped with a slatted floor (defecation area) and the other two-
thirds had a concrete floor with reduced perforation (lying area). The feeding of the 
26 pigs was carried out with a sensor-controlled liquid feeding system at a metal 
trough (1.50 m x 0.37 m). There were three additional nipple drinkers in the pen. A 
play device (“Porky Play”), which consisted of a straw-filled metal container with a 
trough and a free-hanging wooden beam, was placed on the long side of the pen in 
the fully slatted area (Figure 1). 
Eight of the 26 pigs (genetics: German Landrace x Pietrain), each with an average 
weight of 36.4 kg at the beginning of the 19-day trial, were tagged with UHF 
transponder ear tags, developed within the research project. The transponders had 
a PIF antenna design (Planar Inverted F-Shaped Antenna; Fujimoto & Morishita, 
2013) and were equipped with an Impinj Monza 4® Chip. The base material of 
the transponder antenna was polyimide and the antenna structure was aluminium 
foil. The transponders were shaped to fit into a pig ear tag, but were grouted into a 
cattle ear tag (Primaflex®, Caisley International GmbH) due to restrictions in the 
development process.
Two UHF antennas (MTI Wireless Antu Patch 63) were positioned horizontally 
above the trough, each one 0.45 m distant from the short side of the trough and 
1.25 m above the floor. This antenna type has an opening angle of 65° and a gain of 
3.4 dBd. A second antenna of this type was mounted at an angle of 25° to the wall at 
one of the nipple drinkers. It was surrounded by a wooden frame with a metal cover 
for protection. A different antenna, with an opening angle of 100° and a gain of -2.7 
dBd, was located on top of the Porky Play (Kathrein MiRa ETSI; Figure 1). 
A certain area around each hotspot was defined as a target detection area for the UHF-
RFID system. These were particularly the area of the trough itself, a semicircle with 
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a radius of 0.40 m around the nipple drinker and a semicircle with a radius of 0.43 m 
around the centre of the antenna at the Porky Play. At the Porky Play, this semicircle 
enclosed an area that exceeded the trough of the device by 0.13 m to the left and the 
right, and by 0.35 cm to the front, because the pigs often played with straw within 
this area. It is important to mention that the system could only determine whether a 
pig was in the reading area of one of the antennas, but could not distinguish between 
random visits and the actual use of the item in the place monitored.

Figure 1: From left to right: feed trough, drinker and play device equipped with UHF 
antennas (antennas marked)

The reader used was a functional model (deister electronic GmbH, agrident GmbH) 
with a multiplexer for four antennas. The operation frequency was 865.7 MHz and 
the polarisation of the radiation was circular. Each of the four antennas was turned 
on for 250 ms before switching to the next antenna in the multiplexing process. 
A maximum of two readings per transponder and antenna could occur during one 
multiplexing round in combination with a reset of the so-called “inventoried flag” 
of the transponders in the anti-collision procedure. The reader was connected to the 
antennas by a low-loss coaxial cable (attenuation -0.29 dBm). Antenna gain and 
cable loss were taken into account automatically by the reader firmware for the 
setting of the output power. The output power of the reader was varied over the test 
days to find the optimum for detection of the pigs in the areas designated. Starting 
power values for each hotspot were determined by manual tests with an ear tag in the 
barn. Two settings above and below this starting point were randomly distributed to 
the test days at each hotspot. Results of a day with high and a day with low output 
power at each hotspot are presented in this article.
Relevant parameters of the tests, such as antenna position and orientation, test 
animals with transponder number and output power of the antennas, were specified in 
a custom-built configuration software programme and stored in a database. Another 
software application transferred the settings defined to the reader and collected the 
transponder readings during the tests (Phenobyte GmbH & Co. KG). These were 
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stored in the database together with the test parameters for further processing. Video 
observations were made daily from 11 a.m. until 10 p.m. during the test with a camera 
at each hotspot (LogiLink M-WC0016®).

Data analysis
Video analysis was carried out using the software Mangold Interact 9® for validation 
of the RFID data. All eight pigs were observed on the test days between 11 a.m. and 
10 p.m. (drinker and Porky Play) and between 4 p.m. and 8 p.m. (trough). Visiting 
events were defined as pigs holding their whole head (line behind the ears) in the 
target detection area. Start and end time were recorded for each video event. 
The raw RFID data were extracted from the database as a list of single readings 
for each test day and converted to visiting events by custom-built analysis software 
(Phenobyte GmbH & Co. KG). Two parameters could be defined for this step: a 
minimum duration (“min. duration”) of the events and a maximum pause time (“max. 
pause”) between two readings. Thus, single readings of animals only passing the 
hotspots could be removed from the data. In addition, reading gaps that occurred, for 
example, due an ear tag being covered by another animal, could be bridged to create 
events that were similar in length to the real visiting events. The minimum duration 
of a visiting event was set to one second for all analyses shown. Only the maximum 
pause time was varied here. In a second step, RFID and video data were automatically 
compared by the programme. A video event was classified as recognized when it 
overlapped a RFID event. The time between two video events was defined as a 
“non-event”. Non-events were classified as falsely recognized when an RFID event 
lay completely in a non-event and did not overlap a video event. According to this 
definition, RFID events overlapping a video event were solely assigned to these 
events and were not assigned to non-events. Thus, every video event and non-event 
of every test animal could be determined whether it was registered correctly or not 
by the RFID system. Sensitivity and specificity of the RFID system were calculated 
from this data for each hotspot and test day. Additionally, the percentage of the 
duration of all video events that was also covered by RFID events was calculated (“% 
time overlap”). As a practical approach, a tolerance time (“tolerance”) was added to 
the start and end time of all video events to ensure the recognition of very short video 
events that were often “missed” by the RFID system by only a few seconds. The 
tolerance was set to 10 s for all analyses presented here.

Results and Discussion

Graphical Analysis
A graphical comparison of raw RFID data, video observation data and aggregated 
RFID data was carried out for a pig with transponder No. 30 (“pig #30”) at each 
hotspot on a day with an output power leading to high sensitivity of the system 
(Figure 2, Figure 3 and Figure 4). It is obvious when looking at all three visualisations 
that the data structure and, hence, the visiting behaviour of the pig was very different 
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for each of the three hotspots. The average duration of a visiting event on the day 
examined was 34 s at the Porky Play, 53 s at the trough and 18 s at the drinker 
(average of all pigs). These values were similar for all test days (data not shown). 
The best agreement between the RFID system and video observation of pig #30 
was found at the Porky Play. In contrast to that, several readings that occurred at the 
trough were not confirmed by video data. The same applied to the drinker. 

Figure 2: Visualisation of raw RFID data, video observation and aggregated RFID 
data for pig #30 at the Porky Play (30.10.2014; output power 23.4 dBm); aggregation: 
min. duration 1 s, max. pause 30 s, tolerance 10 s

Figure 3: Visualisation of raw RFID data, video observation and aggregated RFID 
data for pig #30 at the trough (30.10.2014; output power 24 dBm); aggregation: min. 
duration 1 s, max. pause 60 s, tolerance 10 s
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Figure 4: Visualisation of raw RFID data, video observation and aggregated RFID 
data for pig #30 at the drinker (07.11.2014; output power 20 dBm); aggregation: 
min. duration 1 s, max. pause 30 s, tolerance 10 s
Furthermore, two feeding times at 6.15 p.m. and 7.05 p.m. were visible at the trough 
and the Porky Play. Pig #30 stayed at the Porky Play for some minutes shortly before 
the feeding at 6.15 p.m. and shortly after the feeding at 7.05 p.m. A minimum of 
activity is clearly visible between both feedings.
These findings lead to several conclusions. The most important one is that specific 
aggregation parameters have to be estimated for each hotspot monitored to form 
events from the RFID data that represent the average duration of the events observed. 
The second conclusion is that the reading areas of the antennas for the trough and the 
drinker did not fit the target area, at least in certain directions, leading to readings not 
corresponding to visits in the target area. In addition, the short time of the visiting 
events at the drinker can lead to a lower sensitivity due to time deviations between 
RFID identification and video observation. Such deviations were also found by 
Reiners et al. (2009), who observed the feeding behaviour of fattening pigs at a 
round trough by means of HF-RFID. However, in practice, the detection of a visit 
to the split second is not necessary. Thus, the application of a time tolerance for 
the calculation of sensitivity can be considered as a reasonable method to evaluate 
the RFID system. Furthermore, the RFID data presented show a good correlation 
to animal activity and managing events, such as feeding times. Consequently, the 
RFID system could be used to establish an activity and health monitoring model for 
fattening pigs in the future, similar to the approach of Maselyne et al. (2013). 

Calculation of sensitivity, specificity and time overlap
An analysis of two days with different power levels (high and low) and different 
aggregation parameters (varied maximum pause time) at each hotspot is shown 
in Table 1. Sensitivity, specificity and time overlap between RFID data and video 
observation were calculated for each variant. In general, sensitivity was between 
19.5 % and 89.9 % and specificity between 82.3 % and 100 %. The time overlap 
between events detected by video observation and RFID events was between 9.3 % 
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and 116.4 %. The sensitivity and time overlap were lower for the drinker than for 
the trough and the Porky Play. In addition, two clear connections can be seen. A 
higher power level and higher maximum pause time at all hotspots led to higher 
sensitivity and time overlap. A time overlap of more than 100 % was reached through 
aggregation in three cases.

Table 1: Sensitivity, specificity and time overlap of RFID data and video observation; 
aggregation [s] (min. duration/max. pause/tolerance)

Porky Play
Aggregation 1/30/10 1/90/10

Date Power 
[dBm] Sens. Spec. % Time 

overlap Sens. Spec. % Time 
overlap

30.10.2014 23.4 85.1 92.2 95.8 89.9 94.3 116.4
02.11.2014 21 41.2 99.4 35.4 48.2 100.0 55.1

Trough

Aggregation 1/60/10 1/120/10

Date Power 
[dBm] Sens. Spec. % Time 

overlap Sens. Spec. % Time 
overlap

30.10.2014 24 86.5 82.3 103.4 87.5 86.7 110.2
02.11.2014 21 64.6 94.4 70.1 72.0 94.4 86.1

Drinker

Aggregation 1/10/10 1/30/10

Date Power 
[dBm] Sens. Spec. % Time 

overlap Sens. Spec. % Time 
overlap

07.11.2014 20 44.9 86.1 40.6 48.7 88.4 63.7
05.11.2014 18 19.5 89.4 9.3 26.0 91.8 26.7

It can be concluded that the antenna output power has a strong influence on the 
performance of the RFID monitoring system. An appropriate adjustment of the 
output power to the target detection areas is essential to achieve a high sensitivity. 
In addition, the fitting of aggregation parameters has to be carried out specifically 
for each hotspot. The maximum pause time has a strong influence on sensitivity and 
time overlap. An overlap of more than 100 % indicates that maximum pause time 
was chosen too high, creating fictitious times of stay at the hotspots. Brown-Brandl 
and Eigenberg (2013) and Hessel and Van den Weghe (2013) investigated feeding 
events of feedlot heifers and fattening pigs, respectively. In agreement with the data 
presented here, they found that the definition of a maximum interval between RFID 
readings to count for the same meal was necessary to match the RFID data with 
video observations. 
Specificity was slightly lower for the trough and the drinker than for the Porky 
Play. In agreement with the graphical analysis, this leads to the conclusion that the 
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detection areas of the antennas at these hotspots exceeded the target area, at least 
in some directions. In the case of the trough, tilting of the antennas towards the 
pen partitions is expected to improve the results by shortening the detection area in 
front of the trough. In the case of the drinker, it was found that the metal protection 
cover around the antenna cut off the reading field left and right of the antenna almost 
completely and simultaneously led to a higher reading range in front of the antenna. 
This explains the low sensitivity and slightly lower specificity at the drinker.

Conclusions

In general, the study presented showed that the adjustment of a UHF-RFID system 
for hotspot monitoring of fattening pigs is possible. A sensitivity of up to 90 % could 
be achieved depending on the hotspot monitored and the antenna output power. 
Nevertheless, specific aggregation of RFID data is crucial to achieve good agreement 
between RFID data and video observation. Graphical data analysis indicated 
good agreement between RFID data and animal activity, which is promising for 
the development of an activity and health monitoring system. In the next step, an 
extensive study of different levels of output power and aggregation parameters, as 
well as testing of different reader antennas and orientations will be carried out to 
optimise the system. Additionally, improved pig-sized ear tags will be applied for the 
monitoring of a whole fattening period. 

Acknowledgements

The project is supported by funds of the Federal Ministry of Food and Agriculture 
(BMEL) based on a decision of the Parliament of the Federal Republic of Germany 
via the Federal Office for Agriculture and Food (BLE) under the innovation support 
programme (FKZ 28154T0910). 
The authors would like to thank their project partners deister electronic GmbH, 
agrident GmbH, Caisley International GmbH and Phenobyte GmbH & Co. KG, 
and Dr. Werner Knop (University of Applied Sciences and Arts Hannover) for their 
support.

References

Adam, F. 2011. Informationssysteme in der Schweineproduktion auf der Basis 
elektronischer Einzeltierkennzeichnung (Information systems in pig production 
based on individual electronic animal identification). In: Elektronische 
Tieridentifizierung in der landwirtschaftlichen Nutztierhaltung. KTBL-Tagung 
vom 2.-3. November 2011 in Fulda. KTBL, Darmstadt, 103-112.

Adrion, F., Hammer, N., Rößler, B., Jezierny, D., and Gallmann, E. 2014. An 
automated static test bench for UHF-RFID ear tags. In: Proceedings 
International Conference of Agricultural Engineering 2014. European Society 
of Agricultural Engineers (EurAgEng).



Precision Livestock Farming ‘15 581

Brown-Brandl, T.M., and Eigenberg, R.A. 2013. Determination of minimum meal 
interval and analysis of feeding behaviour in feedlot heifers. In: Precision 
Livestock Farming ‘13. Papers presented at the 6th European Conference 
on Precision Livestock Farming. Berckmans, D., and Vandermeulen, J., 
Leuven, Belgium, 675-684.

Fujimoto, K., and Morishita, H. 2013. Modern Small Antennas. Cambridge 
University Press, Cambridge.

Hammer, N., Adrion, F., Jezierny, D., Gallmann, E., and Jungbluth, T. 2015. 
Methodology of a dynamic test bench to test ultra-high-frequency 
transponder ear tags in motion. Computers and Electronics in Agriculture 
113, 81-92. 10.1016/j.compag.2015.02.003.

Hessel, E.F., and Van den Weghe, H.F.A. 2013. Simultaneous monitoring 
of feeding behaviour by means of high frequent RFID in group housed 
fattening pigs. In: Precision Livestock Farming ‘13. Papers presented at 
the 6th European Conference on Precision Livestock Farming. Berckmans, 
D., and Vandermeulen, J., Leuven, Belgium, 812-818.

Hinrichs, B., and Hoy, S. 2010. Sick sows come later to the electronic feeding 
station - results of a first statistical analysis. Landtechnik 65(4), 272-275.

Hogewerf, P.H., Dirx, N., Verheijen, R., and Ipema, B. 2013. The use of 
Ultra High Frequency tags for fattening pig identification. In: Precision 
Livestock Farming ‘13. Papers presented at the 6th European Conference 
on Precision Livestock Farming. Berckmans, D., and Vandermeulen, J., 
Leuven, Belgium, 440-448.

Junge, M., Herd, D., Jezierny, D., Gallmann, E., and Jungbluth, T. 2012. 
Indicators for monitoring behavior and health of group housed pregnant 
sows. Landtechnik 67(5), 326-330.

Maselyne, J., Saeys, W., De Ketelaere, B., Mertens, K., Vangeyte, J., Hessel, E.F., 
Millet, S., and van Nuffel, A. 2014. Validation of a High Frequency Radio 
Frequency Identification (HF RFID) system for registering feeding patterns 
of growing-finishing pigs. Computers and Electronics in Agriculture 102, 
10-18. 10.1016/j.compag.2013.12.015.

Maselyne, J., Saeys, W., van Nuffel, A., De Ketelaere, B., Mertens, K., Millet, 
S., Gregersen, T., Brizzi, P., and Hessel, E.F. 2013. A health monitoring 
system for growing-finishing pigs based on the individual feeding pattern 
using Radio Frequency Identification and Synergistic Control. In: Precision 
Livestock Farming ‘13. Papers presented at the 6th European Conference 
on Precision Livestock Farming. Berckmans, D., and Vandermeulen, J., 
Leuven, Belgium, 825-833.

Reiners, K., Hegger, A., Hessel, E.F., Böck, S., Wendl, G., and Van den Weghe, 
Herman F.A. 2009. Application of RFID technology using passive HF 
transponders for the individual identification of weaned piglets at the 
feed trough. Computers and Electronics in Agriculture 68(2), 178-184. 
10.1016/j.compag.2009.05.010.



Precision Livestock Farming ‘15582

Scalera, A., Conzon, D., Brizzi, P., Tomasi, R., Spirito, A.M., and Mertens, K. 
2013. From animal monitoring to early warning systems through the Internet 
of Things. In: Precision Livestock Farming ‘13. Papers presented at the 
6th European Conference on Precision Livestock Farming. Berckmans, D., 
and Vandermeulen, J., Leuven, Belgium, 185-193.

Stekeler, T., Herd, D., Rößler, B., and Jungbluth, T. 2011. Use of a UHF 
transponder for simultaneous identification of fattening pigs. Landtechnik 
66(2), 132-135.

Umstatter, C., Bhatti, S.A., Michie, C., and Thomson, S. 2014. Overview of Ultra-
High Frequency technology in livestock farming and stakeholder opinions. 
In: Proceedings International Conference of Agricultural Engineering 
2014. European Society of Agricultural Engineers (EurAgEng).



Precision Livestock Farming ‘15 583

Influence of the air temperature on the pig’s behavior associated with different 
housing management

T. C. Santos1, C. C. S. Carvalho2, G. C. Silva2, T. A. Diniz2, L. V. Santos3, S. J. M. Moreira3, 
I. F. F. Tinôco1, M. Barbari4, M. O. Vilela1 and R. S. Gates5

¹ Department of Agricultural Engineering, Agricultural Science Center, Federal 
University of Viçosa, Avenue Peter Henry Rolfs, 36570-000, Viçosa, MG, Brazil 
² Department of Agricultural Sciences, Center of Exact Sciences and Technology, 
State University of Montes Claros, Avenue Reinaldo Viana, 2630, Bico da Pedra 
- Janaúba, MG, Brazil
3 Department of Animal Science, Agricultural Science Center, Southwest Bahia 
State University, Square Primavera, 40, Bairro Primavera, Itapetinga, BA, Brazil
4 Dipartimento di Gestione dei SistemiAgrari, Alimentari e Florestali - Università 
degli Studi Firenze,  Italy
5Department of Agricultural and Biological Engineering, University of Illinois, 
Urbana-Champaign, 1304, West Pennsylvania Avenue, 61801 - Urbana, - United 
States
tatiany.carvalho@ufv.br

Abstract
 
Growing pigs change their behaviour, physiological responses and performance 
when subjected to high environmental temperatures. When confined and under 
heat stress tend to wallow over their own feces and urine in an attempt to decrease 
the body temperature. The search of animals by water basin system (water 
available to animals get inside and cool off), expresses the natural behaviour of 
same as rooting while damping body and the head, thereby enhancing the thermal 
comfort caused by water. Thus, the objective of this research was to evaluate the 
effect of the environment air temperature on the animals’s search for water basin 
system during their growth and finishing phase in pen with access to water basin 
system. The 20 crossbred pigs (barrows and gilts), were accommodated in a pen 
with free access to water basin system. The values of the air temperature were 
grouped every 15 days to form a period, totaling six periods of experimental 
analysis. When we associate the temperature of the water of water basin system 
with the animal going frequency to the water we can see that the values found 
had no influence on the behaviour of animals, however there was a greater 
demand for water basin system in the warmer periods. From the data analyzed 
it was found that in the period where it was noted the high air temperature, the 
percentage of animals that sought to stay within the water basin system was 
greater when compared to other periods.

Keywords.  swine production, thermal comfort, water basin system
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Introduction

The intensification of animal production during the past 50 years has led 
to enormous changes in the husbandry of pigs. This has resulted in intensive 
confinement of animals in environments that may be inadequate to meet their 
behavioural needs (Fraser et al., 2001). 
Swine growing modify their behaviour, physiological responses and performance 
when subjected to high ambient temperatures (Kiefer et al., 2009). Collin et al. 
2001 and Kiefer et al. 2010 reported a significant reduction in the exploratory 
activity of physical pigs when there is an increase in ambient temperature.
The pigs subjected to high temperatures, have behavior changes, such as, for 
example, lay down to one side with its snout into the wind to increase the rate 
of heat exchange by convection through respiration. According Carvalho et al., 
2004 pigs when confined and under heat stress tend to wallow on their own feces 
and urine in an attempt to lose heat.
The research objective with this research study the effect of air temperature on 
the search for animals by water basin system during the growing and finishing in 
pens with and without access to the water basin system.

Material and Methods

The experiment was conducted in a Farm, located in Gorutuba Project the 
municipality of Nova Portsmouth, North of Minas Gerais (Brazil), with latitude 
15°47’50”S and longitude 43°18’3’’W and altitude 516m, and climate, according 
to Köppen, AW type (rainy tropical, savannah with dry winter). The realization of 
the collection of experimental data was carried out from August 17 to November 
8, 2013, comprising the phase growing and finishing pigs (from 65 days old to 
slaughter), totaling 84 days of collection.
40 crossbred pigs were used, castrated males and females, the commercial line 
(reproducer LM 6200 x matrix DB 90) with a mean age of 65 days and average 
body weight of 25 kg, with a population density of 20 animals per pen. The 
animals were housed in two pens, and 20 animals were placed in a pen with 
access to water basin system (water available to animals get inside and cool off, 
Figure 1) and the other 20 animals were housed in pens without the water basin 
system.
The air temperature was obtained each hour beginning at 7:30am and end at 
5:30pm, through a datallogger.  
Data were compiled and calculated the hourly average for the corresponding 
period of 15 days, getting the data organized as follows: 1° Period: 1° and 2° week; 
2° Period: 3° and 4° week; 3° Period: 5° and 6° weeks; 4° Period: 7° and 8° week; 
5° Period: 9° and 10° week; 6° Period: 11° and 12° week. The air temperature 
values were compiled and submitted to the hourly averages calculation for each 
period and analyzed descriptively. The behaviour was analyzed as a percentage 
and associated with climate data.
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Figure 1: Pen with water basin system.

Results and Discussion

Given the data collected in the field can be seen in Figure 2 the air temperature values 
(°C) during the evaluation period.
By means of the mean values of the curves shown in Figure 2, it can be seen that from 
08:30am average temperature, especially at the 3°, 5° and 6° periods were higher 
than the determined maximum value to characterize the thermal comfort, which is 
be between 5 °C to 27 °C for pigs in the growing phase and finishing (Silva, 1999).

 

Figure 2: Mean values of air temperature inside the shed collected long day during 
the six periods.
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The temperature was increased during the day, reaching 37°C inside the shed in the 
3° period after 01:30pm and began to decrease from 4:00pm. Although a thermal 
damping occurs because the type of building that consists of clay tile, oriented to 
promote natural ventilation is still needed improvements in the construction to help 
reduce the internal temperature, as the use of nebulization and / or spraying and the 
surrounding landscape to reduce the incidence of solar radiation.
The data search for water basin system for animals are shown in Figure 3.

Figure 3: Frequency of animals going the water basin system during the day for six 
periods of evaluation.

The greater frequency the animals in water basin system  was observed in the 
afternoon, especially in the 3° period followed by 5° and 6° periods. This result may 
be related to the high air temperature recorded during these periods. The demand of 
the animals by water basin system expresses the natural behaviour of the same as 
rooting while damping body and the head, thereby enhancing the thermal comfort 
caused by water.
When we associate the water temperature in the water basin system with the animals 
going rate to the water we can see that the values found had no influence on the 
behaviour of animals, however there was a greater demand for water basin system 
during periods warmer. 
Thermal environments that cause heat stress negatively affect behaviour, 
physiological responses, performance and quantitative characteristics of the carcass 
of swine finishing (Kiefer et al., 2010).
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Conclusions

In the 3° period where it was detected high air temperature, the percentage of animals 
seeking by the water basin system was higher when compared to other evaluated 
period.
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Abstract

The environment where animals are bred must be favourable in order to achieve good 
production rates. Evaluation of the climatic environment within the house by means 
of the thermal comfort index becomes an important tool in ensuring that management 
practices are correct. Growing and finishing pigs are more susceptible to the effects of 
heat stress in most Brazilian regions as they have a thicker fat layer. When confined 
and under heat stress, they tend to change their behaviour in an attempt to lose heat. 
Therefore, the objective of this work was to evaluate the enthalpy variation in facilities 
for growing and finishing pigs in a semiarid region of Brazil. Data were collected every 
hour via temperature and humidity sensors and enthalpy was then calculated for the 
experimental period. The average enthalpy values were grouped every 15 days to form a 
period, totalling six periods of experimental analysis. It was observed that only the third 
and fourth periods remained within the thermal comfort zone for the enthalpy index, 
which is between 60.44 and 68.61 kJ.kg-1 dry air. In the remaining periods the average 
assessed enthalpy values were outside the thermal comfort zone, reaching minimum and 
maximum values, of 49.75 and 75.06 kJ.kg-1 dry air, respectively.

Keywords: animal welfare, swine production, thermal comfort

Introduction

Environmental temperature and relative humidity affect animal production (Seedorf et al., 
1998, Whittemore & Kyriazakis, 2006 and Zumbach et al., 2008), but little research has 
addressed the effect of time derivatives of enthalpy on pig welfare (Daskalov, Arvanitis, 
Pasgianos, & Sigrimis, 2006).
The environment where animals are bred must be favourable in order to achieve good 



Precision Livestock Farming ‘15 589

production rates. Evaluation of the climatic environment within the house by means of 
the thermal comfort index becomes an important tool which will support the adoption of 
correct management practices and ensure animal welfare.

Growing and finishing pigs are more susceptible to the effects of heat stress in most 
Brazilian regions as they have a thicker layer of fat (Fialho et al., 2001).
When evaluating thermal comfort, Rossi et al. 2012 considered that enthalpy, defined 
as the total energy of both the dry air and the water vapour it contains, expressed per 
kilogram of dry air, was the most useful property in quantifying psychometric processes 
involving heat exchange. When confined and under heat stress, animals tend to change 
their behaviour in an attempt to lose heat. Therefore, the objective of this work was to 
evaluate the enthalpy variation in pig housing during growth and finishing in a semiarid 
region of Brazil.

Material and methods

The experiment was conducted on a farm located in Gorutuba Project in the municipality 
of Nova Portsmouth, North of Minas Gerais (Brazil), with latitude 15°47’50”S, longitude 
43°18’3’’W and altitude 516 m, and an AW type climate, according to Köppen (rainy 
tropical savannah with dry winter). The experimental data were collected from August 
17 to November 8, 2013, comprising the growing and finishing phases in pigs (from 65 
days old to slaughter), totalling 84 days of collection.
40 crossbred pigs were used, comprising castrated males and females from a commercial 
line (reproducer LM 6200 x matrix DB 90) with a mean age of 65 days and average 
body weight of 25 kg. The population density was 20 animals per pen. The animals were 
housed in two pens. 20 animals were placed in a pen with access to a water basin system 
(water available so that animals could go in it to cool off) and the other 20 animals were 
housed in pens without the water basin system.
Data were collected hourly at 7:30 a.m. and 5:30 p.m. using temperature and humidity 
sensors, and the environmental data were used to calculate the enthalpy for each 
experimental period. The average enthalpy values were grouped every 15 days to form 
one period. The data were organized as follows: Period 1: 1st and 2nd week; Period 2: 3rd 
and 4th week; Period 3: 5th and 6th week; Period 4: 7th and 8th week; Period 5: 9th and 
10th week; Period 6: 11th and 12th week, totalling 6 periods of experimental analysis.

The enthalpy values obtained were analysed and average hourly rates were calculated 
for each period using equation 1. The data were then analysed descriptively.

                                             (1)

where:
h - enthalpy, KJ Kg-1 dry air;
t - dry bulb temperature of the air, °C;
UR - relative humidity, %, 
PB - local barometric pressure, mmHg.
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Results and discussion

The data collected in the field produced the enthalpy values (kJ/kg-1 of dry air) shown 
in Figure 1 for the 6 periods evaluated.
Moura 1999 recommends that the enthalpy for this stage (growing and finishing) 
should be between 60.44 and 68.61 kJ/kg-1 of dry air. However, the author believes 
that the ideal temperature range for this phase is 18 to 21°C, lower than that found 
during the experimental period. When the enthalpy recommended by Moura, 1999 
was considered, it was found that only periods 3 and 4 remained within the thermal 
comfort zone for the enthalpy index.

Figure 1: Mean values of enthalpy kJ/kg-1 of dry air over collected long day during 
the six periods.

In the other periods evaluated, the average enthalpy values were found to be outside 
the thermal comfort zone, reaching maximum and minimum values of 49.75 and 
75.06 kJ/kg-1 of dry air, respectively, as shown in Figure 1.
When we associate the enthalpy values obtained with the performance of animals kept 
in the water basin system and animals without access to the water basin system, we 
can see that the values obtained had no influence on animal performance. However, 
there was greater use of the water basin system in the warmer periods, since the 
animals showed a similar weight gain. 
In assessing the effects of air temperature on the behaviour, physiological responses 
and performance of pigs during the growth phase, (Kiefer et al., 2009) found that 
heat stress causes behavioural disorders, has a negative impact on performance (feed 
consumption, weight gain, feed conversion) and changes the physiology of pigs.
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Conclusions

Only periods 3 and 4 remained within the thermal comfort zone for the enthalpy 
index. Although the air temperatures were higher during period 3, there was no 
influence on animal performance and weight gain.
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Abstract

A feeder prototype has been developed by IFIP and an equipment manufacturer to 
perform precision feeding for 96 group-housed growing pigs each equipped with 
a RFID ear tag. A sorting station, placed on force sensors, allows for weighing 
pigs individually and orienting them towards (i) five automatic feeders (AF), as 
long as daily feed allowance is not reached, (ii) a pen for specific care, or (iii) 
the life area otherwise. Each AF can deliver (min. 30 g) and mix two diets, and 
is connected to a computer that calculates the daily dietary allowance per pig, 
based on time (initial BW × 0.04 +27 g/d up to 2.4 (gilts) or 2.7 (barrows) kg/d), 
body weight (BW) and feeding strategy. A trial was performed to assess the 
proper functioning of the system and to compare two feeding strategies (2- vs 
9-phase strategy, called 2P and 9P) with different amino acid supplies depending 
on the BW range. Four pigs did not adapt to the system after 7 days. Seven 
pigs were removed because of accidents or health issues. Eleven pigs did not 
consume their feed allowance on more than 4 non successive days. During the 
first week, it was due to the high occupation rate of AF. Growth performances of 
74 other pigs were characterized. Average daily gain (2P: 787, 9P: 774 g/d), feed 
conversion ratio (2P: 2.70, 9P: 2.74) and carcass leanness (2P: 65.2, 9P: 65.1% 
muscle) were similar for both strategies (P > 0.22), but cumulated N intake was 
reduced with the strategy 9P (4.55 vs. 4.65 kg/pig, P = 0.05).

Keywords: pig, precision feeding, device, restricted feed allowance, feeding 
strategy

Introduction

Within a batch, pigs are from different genders and variability in growth potential 
and body weight (BW) can be observed. It is associated with a high variability 
in nutrient requirements among pigs, but also a high variability in the change of 
nutrient requirements with time. In most commercial piggeries, 2-phase feeding 
is used. Over rather long periods, the dietary nutritional characteristics are kept 
constant. When based on the requirement of most demanding pigs, nutrient 
supplies excess requirements for most of the pigs and this excess increases with 
time. In order to reduce feed cost and the environmental impact of pig production, 
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a precision feeding concept has been developed over 15 years in Spain and 
Canada (Pomar et al., 2009; Andretta et al., 2014), based on adjustment of both 
quantity and quality of the diet delivered to each pig in the group. To apply 
precision feeding, a feeder is required that identifies and weighs the animal, 
and blends at least two diets. The available systems have been developed in 
ad libitum feeding conditions. In France, most of the pigs are restrictively fed 
because of the carcass payment grid, then an automatic feeder (AF) has been 
designed and tested in the IFIP experimental farm that allows for restricting feed 
allowance. The present paper focuses on the quality of data collected with this 
new prototype and presents the average growth performance obtained from the 
first group of pigs studied with the prototype.

Material and Methods

Description of the prototype
The project of precision feeding is implemented in the IFIP experimental station 
at Romillé (Brittany, France). At the end of the post-weaning period (around 66 
days of age), 96 pigs are identified by RFID ear tags and group-housed in a single 
pen that is equipped with the prototype and divided into three specific areas 
(Figure 1). The system consists of one weighing-sorting station (WS device) and 
five AF, all connected to a computer. The WS device is placed on four force sensors 
that allow for weighing pigs individually, with a 0.1 kg accuracy. It is open when 
at least one AF is free. When the pig enters the WS device, its RFID ear tag is 
identified. As long as the cumulated daily feed intake from 00:00 remains below 
the maximum daily feed allowance, the pig is sorted toward the AF. Otherwise, 
the pig returns to the original pen (life area) or to a pen for specific care (after 
selection requested by the farmer). This design is based on results published by 
Levasseur et al. (1996) who observed that some restrictively fed pigs were able 
to develop behavioral strategies and stole some feed initially allocated to their 
pen mates because the physical conception of the feeding system did not keep 
them away from the feed area.
When a pig is identified in an AF, a blend of two diets (A and B, formulated for 
the same net energy (NE) content but for a high and a low essential amino acid 
concentration, respectively) is prepared based of the identification of the pig, 
the feeding strategy applied to this pig, the amount of dietary allowance and the 
body weight (BW, if this criterion is taken into account in the feeding strategy). 
The feed is delivered by doses, which average weight is chosen over the 30 to 
300 g range (100 g in trial 1). Within a dose of 100 g of blend, the minimum 
amount delivered for one given diet is 30 g. Each dose is supplied with a small 
amount of water that helps the probe placed in the trough to detect if there is
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Figure 1: Diagram of the prototype (WS: weighing-sorting device, AF: automatic 
feeder)
still some feed or not. If not, another dose is supplied (or the remaining feed allowance 
when below 100 g), as long as the maximum feed allowance is not reached. Five 
minutes after a dose is supplied, the pigs is forced by a pneumatic panel to get out 
of the AF. This is necessary to prevent the pig falling asleep in the AF, which would 
prevent access for other animals. Water is supplied ad libitum in bowls located 
outside the feed area. 

Experimental design used during the trial
The proper functioning of the system was evaluated from a group of 96 crossbred 
pigs, and two feeding strategies were compared that differed by the evolution with 
BW of the proportions of diets A and B in the blend provided individually to the pig. 
The daily feed supply started at 00:00, and the pig could eat 100% of the ration in 
one single meal.
Feed quantity: In order to improve both the feed conversion ratio (FCR) and carcass 
leanness, growing pigs are restrictevely fed according to different feeding plans in 
more than 66% of French farms. The most frequent type of plan is based on a daily 
increase in feed supply per pig up to a plateau. In the trial, the increase was fixed to 
27 g/d for all pigs, up to a maximum feed allowance of 2.4 kg/d for all females and 
2.7 kg/d for all castrated males. In contrast, the amount of feed supplied on the first 
day in trial (at the end of an adaptation period) was adjusted proportionnally (4%) 
to the initial BW of each pig. Then, at the beginning of the trial, the feed allowance 
depended on the initial BW and the day; at the end, it depended on the gender. 
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Feed quality: The experimental pigs were obtained from Large White × Landrace 
sows inseminated by Large White × Piétrain boars. From data collected in ad 
libitum conditions in a previous study with the same type of pigs (Brossard et al., 
2014), the evolution of the ideal digestible lysine (LYSd) requirement with BW 
was characterised, on average for the group of pigs, with the InraPorc software. 
Thereafter, the average LYSd requirement was modelled under dietary restriction 
according to the feeding plan described above. As the average profile of requirement 
is not optimized for most performing individuals in the group, it was increased by 
5% in the Reference profile (Figure 2). Based on the Reference profile, feeding 
strategies with either 2 or 9 phases (called 2P and 9P, Figure 2) were designed, with 
dietary LYSd concentrations that depended on the individual BW (strategy 9P) or the 
average BW of the group of pigs (strategy 2P). These concentrations were obtained 
continuously by mixing the diets A and B, whose LYSd contents were 1.0 and 0.5 g/
MJ NE, respectively. Other amino acids were supplied relative to LYSd in minimal 
proportions that corresponded to the ideal protein concept (van Milgen et al., 2008).

Figure 2: Digestible lysine content1 used at each phase of the 2- (2P) or the 9- phase 
(9P) strategies compared to the Reference (105% of the requirements for the pigs 
studied)

Measurements, calculation and statistics
Measurements started after an adaptation period of 9 days to the housing and feeding 
conditions. During this period, the WS device was kept open toward the feed area 
over the first 4 days. Then, it started to weigh the pigs indivually, but pigs were 
still given ad libitum access to the diet A. On the first experimental day (D1) the 
feed restriction began as well as mixing the diets A and B, and the WS device was 
then also used to sort the pigs. The weighing platform was tared automatically after 
each measurement, and calibrated weekly with reference weights. The amount of 
feed delivered per dose was checked three times per AF during the trial, manually 
weighed and compared to the corresponding automatic record.
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Just after getting out of the WS device, each pig was weighed manually on D1, D33, 
D68, D95 (first departure for the slaughter house), and D102 (second departure for 
the slaughter house), and both results were compared. Instantaneous data collected 
daily by the WS device and the AF were recorded daily and cumulated throughout 
the trial. At this stage of the study, no automatic data-mining application was used 
and outlaying observations of BW or feed intake due to mishandling or temporary 
malfunction of the prototype were detected graphically. At the end of the trial, after 
24 h chilling, a CT scanner was used to characterise the volume of muscle in the left 
half carcass.
Nitrogen intake was calculated individually from the cumulated intake of diets A 
and B and their respective N content. Statistical analyses were performed with SAS 
(v9.4, Inst. Inc. Cary, NC). Correlation between variables was evaluated through the 
Pearson coefficient (proc Corr). Individual growth performances (DFI: daily feed 
intake, ADG: average daily gain, FCR: feed conversion ratio) were submitted to a 
variance analysis (proc GLM) with the feeding strategy and the sex within strategy 
as the main effects.

Results and Discussion

Pigs and BW data removal
At the end of the adaptation period, four pigs were removed because they refused to 
enter the WS device and go to eat. During the trial, seven additional pigs were removed 
because of injuries (no. = 2) or illness (no. = 5). From D1 to the departure to the slaughter 
house, theWS device performed 30,427 BW measurements, of which 257

Figure 3: Automatic body weight measurements with the WS device with the two types 
of outliers detected (example from pig n° 40493 which presented four outliers)

(0.8%) were outliers  
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Table 1: Comparison of the body weight (BW) measured manually to the instantaneous 
automatic value obtained immediately before manual weighing or the daily average one

Day1 1 33 68 95 102

Number of pigs 96 85 85 85 58

Manual
Mean, kg 33.0 58.8 88.6 107.3 108.0

Standard-deviation, kg 4.0 6.1 7.9 7.1 7.1

Instantaneous 
automatic BW

Mean, kg 33.1 58.7 89.0 108.9 109.1

Standard-deviation, kg 4.3 6.0 7.9 7.7 7.2

Correlation2 0.94 0.94 0.99 0.97 0.99

Daily average 
automatic BW

Mean, kg 59.0 87.4 108.3 110.9

Standard-deviation, kg 6.1 7.5 8.3 7.2

Correlation2 0.96 0.97 0.91 0.96

1. Days 95 and 102 correspond to the days before the first and second departure for 
the slaughter house, respectively. 2. Pearson’s coefficient of correlation (proc Corr, 
SAS) with manual BW.

(Figure 3). Two reasons were found to explain these values. The first one, observed 
most often at the beginning of the trial, was due to the presence of a second pig in the 
WS device. The second one corresponded to a wrong setting of the scale to zero. It 
happened when a pig pressed with its front legs on the platform, then the doors were 
still open and the animal moved back without being detected by the antenna. Manual 
and automatic BW recorded immediately before the manual measurement differed 
by less than 2 kg on average, and were highly correlated (Table 1). The difference 
between the manual BW and the average value recorded automatically over the day 
after removal of outliers was also very small (less than 1.1 kg).

AF utilisation by the pigs
The occupation rate of the five AF ranged between 60 and 100% up to D11. 
Thereafter, despite the increase in daily feed allowance from day to day, it decreased 
progressively and almost linearly whether all the pigs are considered (Figure 4a) 
or only those studied until slaughter (Figure 4b). This evolution is related to the 
increase in the rate of feed intake when BW increases as observed by Bigelow & 
Houpt (1988), Nienaber et al. (1990), and Quiniou et al. (2000). On D68, the higher 
occupation rate was due to an erroneous mishandling of the system after the manual 
BW measurement.
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a: From data collected on all pigs present      b: From the 85 pigs studied until the end
                     
                                      

    

   Day                                                         Day

Figure 4: Evolution of the average occupation rate per AF during the trial

Figure 5: Cumulated number of pigs per number of days without feed intake from 
the first day on trial (D1) to the day before the departure for the slaughter house (“the 
end”), or during the first week (D1-D7) or later on (D8 to the end)

Almost 50% of the 85 pigs were able to consume some feed every day during the first 
week (from D1 to D7), but this was the case for only 19% of pigs from D1 to the end of 
the trial (the day before departure to the slaughter house) (Figure 5). These results could 
be explained by the rather full occupation rate of the AF during the first week, but not 
afterwards. Over the whole period, 87% of pigs (no. = 74) missed less than five feeding 
sessions, in most cases occasionally and not over consecutive days. Data from other 
eleven pigs was not kept in the data bases used to compare the two feeding strategies.
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Expected and observed proportion of diet A in the blend
With strategy 9P (no. = 33), each phase corresponded to a rather short BW range (10 kg). 
As a variation in individual BW was observed sometimes from day to day, as illustrated 
by Figure 3, the blend quality went forward or backward when BW was close to either the 
low or the high threshold value used to limit each phase. This explains the rather linear 
evolution of the proportion of diet A, relative to BW, observed for each animal as well as  

             a: Strategy 9P (based on BW)                b: Strategy 2P (based on days in trial) 
          

     Mean body weight, kg         Day
Figure 6: Average evolution of the allocated (- - -) or the observed (�) proportion of 
diet A (a) according to body weight in Strategy 9P or (b) based on the day when all 
the pigs from the group reached the target body weight (▬) in Strategy 2P

Table 2: Effect of the feeding strategy on growth performance (over the 32 to 110 kg 
body weight range) and carcass leanness at slaughter

Feeding strategy 2P 9P RSD P-value1

No. pigs 41 33
Daily feed intake, kg2 2.14 2.14 0.09 0.78
Cumulated N intake, kg/pig3 4.65 4.55 0.20 0.05
Average daily gain, g 787 774 48 0.22
Feed conversion ratio 2.70 2.74 0.18 0.38
Feed cost, €/pig4 53.8 53.0 2.3 0.16
Lean volume in left carcass, %5 65.2 65.1 2.4 0.81

1. Analysis of variance (proc GLM, SAS) with the feeding strategy and the sex within 
feeding strategy as the main effects. The P-value corresponds to the effect of the 
feeding strategy. Values in the table are adjusted means. 2. The dietary net energy 
content was 9.75 MJ/kg for diets A and B. 3. Total N intake per pig was calculated 
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from cumulated amounts of diets A and B intake and their N content (26.8 and 16.3 
g/kg, respectively). 4. Feed cost was calculated from the amount of feed intake and 
the prices paid to the feed manufacturer during the trial. 5. From CT scan of left 
carcass performed 24 h after slaughter (no. = 39 and 32 for 2P and 9P strategy, 
respectively).

for the group on average (Figure 6a), and it contributes to the small differences 
between obtained and requested proportions of diet A in the blend. The extra 3.3 
units of diet A in the blend on average were also due to the fact that the proportion 
on D day was based on BW recorded on day D-2. The pigs from strategy 2P (no. = 
41) reached 65 kg on average on D40 and the transition from phase 1 to phase 2 was 
performed 2 days laters when they weighed 68.7 ± 5.7 kg on average (Figure 6b). The 
observed average proportion of diet A was very close to the expected levels during 
the phases 1 (-3.0% compared to the expected level, corresponding to 0.89 vs 0.90 g 
LYSd/MJ NE on average) and 2 (+3.6% compared to expected level, corresponding 
to 0.72 vs 0.70 g LYSd/MJ NE on average).

Growth performance and N intake
The results are in agreement with those obtained by simulation with InraPorc 
software by Quiniou et al. (2013) with the same strategies but in ad libitum feeding 
conditions. As indicated in Table 2, the DFI averaged 2.14 kg/d/pig with both feeding 
strategies (P = 0.78). It was associated with no significant differences in ADG (P = 
0.22). The FCR was not influenced by the feeding strategy (P = 0.38) but higher than 
the one obtained from contemporary pigs housed in conventional conditions (data 
not presented). As the carcass leanness was similar with both strategies (P = 0.81) 
and not different from that of other contemporary pigs, the extra feed intake per kg 
BW gain might be due to some feed spillage or increased energy expenditure due 
to physical activity over the day. The amount of N intake per pig was significantly 
lower with the strategy 9P (-100 g, P = 0.05, Table 2), which was associated to a 
slight but not significant decrease in feed cost. 

Conclusions

The number of pigs still present at the end of the fattening period was rather good 
after a first run. However, based on the results of this first trial, some changes have 
been provided in order to reduce the occurrence of days without feed intake for some 
pigs, the feed spillage, and the physical activity, mainly through a delayed start of the 
feed distribution (08:00 instead of 00:00 to take advantage of the diurnal behavior 
of pigs), and a split of daily feed allowance at least in two meals. Subsequent trials 
will allow the pertinence of these changes to be evaluated. In addition, the software 
has been changed and now the proportion of diet A on D day will be based on a 
prediction of BW on day D depending on previous recorded BW. As this first study 
mainly aimed at evaluating the functioning of the prototype, the studied feeding 
strategies were rather simple. More precision is now required in the software toward 
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an increase in the dynamic estimation of individual requirements. Thereafter, it will 
be possible to consider the new system as an interesting tool for precision feeding.
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Abstract

Many studies found an increased average activity in groups of sows, up to 48 h before 
the onset of parturition. The most recent studies developed this approach further 
to an individual indication of the near onset of parturition using accelerometers 
attached to sows. The current study carried this individual indication approach over 
to contactless measurements using light barriers. Contactless, robust and low-tech 
solutions are more likely adopted in farm practice as they don’t increase the farmers’ 
workload. For the current study, light barriers were installed at the head, torso and 
hind quarter region of farrowing pens for crated sows. The general activity threshold 
for the indication of parturition was optimised using a set of 17 sows. Its applicability 
on other sows was validated using a second set of 17 additional sows. Several method 
variants using differently transformed activity curves were tested. The results show 
that the thresholds found with a small set of sows are applicable on other sows with 
a maintainable performance decline. However, the thresholds for data from the head 
position were not applicable for the other positions. The best performing indicator 
variant was based on CUSUM charts of the activity trends obtained by dynamic 
linear models. It yielded a validated sensitivity of 88% and a precision of 88%. Our 
results show that even rough activity measurements by light barriers are sufficient to 
in indicate the near parturition of most sows. This technology could help to organise 
management procedures around the parturition more efficiently.

Keywords: parturition indicators, activity sensors, sow monitoring

Introduction

Alike many other ungulates (e.g. Lickliter, 1985; Owens et al., 1985), also captive 
pigs display increasing activity related to the near parturition (Jones, 1966). This 
behaviour is shown regardless of whether they have access to nest building material 
or not (Arey et al., 1991). Its expression seems to be correlated to changes in the 
hormone status of the sow starting up to 48h before the onset of parturition (Castren 
et al., 1993). Thus, it is plausible to use the increase of activity to indicate the 
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near onset of parturition. Such indicators can be useful for the organisation of post-
parturition piglet supervision in order to lower piglet mortality (Holyoake et al., 1995). 
Earlier studies found that an increase of the average activity of a group of sows is 
detectable with various sensors (e.g. Huang et al., 2005; Oliviero et al., 2008). Recent 
studies using animal attached accelerometers also developed techniques to indicate the 
upcoming parturition on an individual base (Cornou and Lundbye-Christensen, 2012; 
Pastell et al., 2013). The current study carried this individual indication approach over 
to contactless measurements using light barriers. Such contactless, robust and low-tech 
solutions are more likely adopted in farm practice as they don’t increase the farmers’ 
workload. The examined questions of the current study were

•	 How sensitive is the indication to the exact sensor position?
•	 What transformations of the activity time series are most suited for an indicator?
•	 What classification performance can be expected from such an indicator?
•	 Is an indication also possible without a farrowing cage?
•	 Can animal parameters known help to improve the classification performance?

This work extends previous results submitted under the title “Towards qualitative and 
quantitative prediction and detection of parturition onset in sows using light barriers” 
to the journal Computers and Electronics in Agriculture.

Material and methods

Animals and housing
A total of 36 crossbreed sows (German large white × German landrace) in the 1st-6th 
parity and with a weight between 193 and 372 kg were kept in a separate compartment 
of a commercial breeding facility. All sows were housed in 1.84 × 2.6 × 0.6 m 
farrowing pens (w×d×h) on slatted plastic floor within adjustable farrowing crates 
(length: 1.6 - 2.0 m, width: 0.75 m) (Big Dutchman Pig Equipment, Vechta, Germany). 
The compartment contained four farrowing pens arranged side by side. The farrowing 
crates were equipped with a nipple drinker and a feed trough. No nest-building material 
was provided. For support of the parturition, most of the sows (approximately 80%) 
got Oxytocin and some of them (approx. 5%) also Prostaglandin F2α. 

Experimental setup
Four sows at a time were kept in the trial compartment in 9 successive trial runs. The 
parturition started 4 to 13 days after the transfer of the sows to the trial compartment. This 
large timespan was due to the breeders’ routine of covering the sows unsynchronised, 
waiting for their natural oestrus. The start of the parturition was identified by the 
expulsion of the first piglet. Each farrowing pen was equipped with three light barriers 
(IPF Electronics GmbH, Rosengarten, Germany). The light barriers were installed at the 
pen board in the head region at 0.4 × 0.8 m (d×h) (head sensor) and in the torso region 
of the sow at 1.15 × 0.8 m (torso sensor) and the hind quarter region 1.80 × 0.8 m (rear 
sensor). They consisted of a transmitter (model OS126103), receiver (model OE1260V1) 
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and an amplifier (model OV640840). Missing data due to technical issues lead to the 
removal of the results from two sows. The evaluation therefore comprised only 34 sows.

Data analysis

The number of light barrier interruptions cumulated hourly using summation. The sums 
were log transformed before any further analysis. All calculations were performed 
using the software R 3.0.2 (R Core Team, 2013). Dynamic linear model calculations 
were done using the R package dlm (Petris, 2010). Data from the day of transferring 
the sows into the trial compartment was excluded from analysis. Alerts, signalling that 
the parturition is near, were triggered if the activity exceeded a given threshold value 
(Eq. 2). Based on the progression of changes in the hormone status, a parturition alert 
was deemed correct (true positive - tp), if the actual onset of parturition was no more 
than 48 h away when an alert was triggered (Castren et al., 1993). All other alerts 
were deemed to be unrelated to parturition (false positive - fp). A missing detection 
of parturition was counted as false negative (fn). Giving no alert prior to 48 h before 
parturition was counted as true negative (tn). The indicators were evaluated using the 
criteria sensitivity=tp/(tp+fn), specificity=tn/(tn+fp) and precision=tp/(tp+fp). In order 
to trigger the alerts early enough to make some provisions, the indicator optimisation 
was focussed on alert distributions where less than 25% of the alerts occur less than 8 
h before parturition start. 

Figure 1: Schematic illustration of the alerts triggered by the normalised and 
transformed activity time series of a single sow and their contribution to the alert 
distribution. A hypothetical alert distribution is depicted as box plot below the 
activity chart. 
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Alert threshold, alert distribution, indicator sensitivity and indicator precision are 
interrelated. A higher threshold increases the precision and decreases the sensitivity 
of the indicator, while the alert distribution is shifted towards zero (Fig. 1). To select 
a threshold that results in an optimal sensitivity, precision and alert distribution, an 
optimisation using a reference dataset is necessary. The performance of the indicator 
using the reference dataset however does not suggest the performance in practice. 
To be able to validate the indicator performance, the 34 sows were randomly divided 
into an optimisation set for obtaining alert thresholds and a validation set that used 
this threshold with different sows. Main optimisation criterion was sensitivity and 
secondary criterion the precision of the indicator.
Two techniques to eliminate the circadian oscillation of activity were tested. By 
subtracting the activity of an animal 24 h before from its current activity, the 24 
h activity difference was obtained. This time series was normalised by dividing 
its values with the standard deviation of the data from the second day. The second 
approach used dynamic linear models (dlm) to decompose the activity time series 
into a 24 h periodic component and a polynomial trend curve. In order to normalise 
the polynomial trend curve, its corresponding static trend curve was subtracted. The 
static trend was calculated by using a zeroed error evolution matrix in the dlm system 
equation. The dlm models were obtained for each sow individually by fitting them to 
the data collected so far. Hence, 34 different and hourly updated models were used 
to obtain individual trend curves for each sow. A single model for all sows was not 
sufficient, as there were large individual differences in the circadian oscillation and 
the activity level and activity variation.
To amplify the activity changes, a cumulative sum (CUSUM) transformation was 
applied to both normalised time series (ts) – the 24 h activity difference curve and 
the dlm trend curve (Eq. 1). 

        (1)

            (2)

The CUSUM transformation creates a variant of the discrete integral of the underlying 
time series that is suitable for the detection of deviations from its mean (Page, 1954). In 
summary, the examined activity measures were

•	 CUSUM of 24 h activity differences (diff24) and
•	 CUSUM of dlm activity trends (trend).

Both measures were calculated for the head sensor and the sum of the time series values 
of all sensor positions (sensor sum). To evaluate methods for improving the indicator 
classification performance, a multi threshold approach was tested using the sensor sum 
data. This approach used different alert thresholds for several activity classes instead of 
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a global threshold. The classes were defined by the value c = weight × parity. Resulting 
class instances were 

•	 lightweight and low parity sows (G1: c < 700),
•	 medium weight and parity sows (G2: 700 ≤ c ≤ 1800) and
•	 heavy and old sows (G3: c > 1800).

The class limits were determined manually by looking at the maximum base activity of 
the optimisation set. Base activity was measured here as the maximum activity during the 
period from transfer to 48 h before parturition. 

Results

Comparing the different validated indicator variants, the diff24 indicator using the head 
sensor data yielded the best classification performance (sensitivity 0.88, precision 0.88). 
This indicator also triggered less than 25% of its alerts with less than 8 h remaining until 
the onset of parturition. Hence it provided its warnings for 75% of the sows early enough 
to allow the farmer to make some provisions (Tab. 1 row 4). Yet, in a free-range pen with 
multiple sensors especially the precision (0.74) would be much reduced (Tab. 1 row 8). 
Using different thresholds for young and lightweight and for older and heavier sows (Fig. 
2) somewhat reduced this effect (precision 0.82) (Tab. 1 row 12).

Table 1: Classification performance (sensitivity – sens., specificity – spec. and precision – 
prec.) of two parturition indicators based on an activity trend (trend) and on 24 h activity 
differences (diff24) using different data sources and thresholds. The data sources used 
were the head sensor alone and the sum of activity measurements from head, torso and 
rear sensor (sensor sum). The thresholds were selected using data from an optimisation 
set of sows (opt.) and validated using different sows (val.). In addition, three activity 
classes with different thresholds were defined (sensor sum with classes). The 25th p. 
column specifies the 25th percentile of the alert distribution in hours before parturition 
onset. Each line of the table has n=17.

row indicator k / thres. sens. spec. prec. 25th p. [h]
head sensor

1 trend opt. 0.3 / 6.0 0.94 1.00 1.00 12
2 trend val. 0.3 / 6.0 0.82 1.00 1.00 10
3 diff24 opt. 0.5 / 12.0 0.94 1.00 1.00 9
4 diff24 val. 0.5 / 12.0 0.88 0.88 0.88 8

sensor sum
5 trend opt. 0.3 / 6.0 0.94 1.00 1.00 11
6 trend val. 0.3 / 6.0 0.71 0.94 0.92 11
7 diff24 opt. 0.5 / 6.5 0.94 0.76 0.80 10
8 diff24 val. 0.5 / 6.5 0.82 0.71 0.74 13

sensor sum with classes
9 trend opt. 0.3 / (9.5, 13, 7.5) 0.94 1.00 1.00 9
10 trend val. 0.3 / (9.5, 13, 7.5) 0.71 0.94 0.92 6
11 diff24 opt. 0.5 / (6.5, 7, 9) 0.94 0.88 0.89  10
12 diff24 val. 0.5 / (6.5, 7, 9) 0.82 0.82 0.82 11
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The trend indicator yielded a lower sensitivity (0.82) but a higher precision (1.00) 
for the head sensor data than the 24 h activity difference based indicator (Tab. 1 row 
2). Using multiple sensors decreased the achievable sensitivity further (0.71) while 
the precision stayed at a high level (0.92) (Tab. 1 row 6). These negative effects of 
using multiple sensors could not be compensated by utilising different thresholds for 
sows with different age and weight (sensitivity 0.71, precision 0.92) (Tab. 1 row 10). 

Figure 2: Individual base activity, measured using 24h activity differences of all 
sensors (diff24 sensor sum). The dark dots represent sows from the optimisation 
set and the light dots from the validation set. The horizontal dashed line depicts the 
global threshold for the diff24 sensor sum. The solid stepped line depicts the three 
different thresholds applied for each activity class. (n=34)
Figure 2 depicts the maximum activities not related to parturition. The activity was 
measured here using the diff24 time series. For the trend time series the base activity 
values are different, while the distribution of weight × parity stays the same (data not 
shown). Gaps in the weight × parity distribution of the optimisation set (dark points) 
were used to define class limits among the sows. The optimal global threshold is 
indicated by a horizontal dashed line (6.5), while the class specific thresholds are 
indicated by solid lines (6.5, 7, 9).
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Figure 3: Distributions of alerts for the near parturition as duration until parturition 
for different indicators (diff24, trend), different data sources (head, sensor sum) and 
for specific activity classes (classes). (n=34).

Apart from the classification performance, also the alert distribution is relevant for 
practical applications. It indicates when which indicator would usually signal the 
near parturition onset. Figure 3 (head) illustrates, that with the head sensor data 
alone, comparable alert distributions can be achieved by both the diff24 (25% < 9 
h, 75% < 15.5 h) and the trend indicator (25% < 10 h, 75% < 16.5 h). Adding data 
from other sensors obviously increased the individual differences among the sows, 
leading to broader alert distributions (Fig. 3 - sum). This was especially distinct for 
the diff24 activity measures (25% < 11.5 h, 75% < 47 h). Using several thresholds 
(Fig. 3 - classes) could reduce this effect to some extent for the diff24 measures (25% 
< 10 h, 75% < 32.5 h). For the trend, the improvements were minor (25% < 7 h, 75% 
< 17 h).

Discussion

Both evaluated methods for eliminating the circadian oscillation of activity were 
equally suited for head sensor data. Using additional sensors at different body regions 
decreased the indicator performance and led in parts to different alert thresholds. 
Hence, the indicator performance seems sensible to variations of the exact location 
where the light barriers are installed. In addition, free ranging farrowing pens can 
be expected to have a lowered indicator performance when using light barriers. This 
effect was especially observable for the diff24 indicators, while the trend indicators 
were more robust against the influence of data from other body regions. Using more 
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sensitive activity sensors and a combination with other animal parameters might 
reduce this issue. Aparna et al., 2014 reported farrowing detection rates of 97% by 
using a combination of water consumption and activity sensors. 
Using different thresholds for sow from different activity classes can improve the 
indicator performance. This approach could be developed further by incorporating 
additional animal parameters such as temperament measurements (Graunke et al., 
2013) or the social rank in the identification of activity classes. 
It is known that other ungulates also display a parturition related activity increase 
(Lickliter, 1985; Owens et al., 1985). Therefore, this indicator approach might be 
transferred to these species. However, the activity data collected in the current study 
indicates that the behaviour of sows was very uniform. This was probably due to 
the very uniform daily routine and the employment depleted husbandry conditions 
especially in a farrowing cage. Enriched husbandry conditions and a less uniform 
daily routine might increase the individual variation of the parturition related activity 
increase. This could make activity based indicators less reliable.

Conclusions

A single light barrier was sufficient to indicate the majority of upcoming parturitions 
of crated sows based on the parturition related activity increase. In order to monitor 
the general activity of the sows, the circadian activity fluctuation has to be eliminated. 
Dynamic linear models or the 24 h activity difference can be applied for this purpose. 
The general approach can also be used for not crated sows if more light barriers 
or other sensor devices are used. The dlm based method seems to be more robust 
when data from several sensors and different body regions are used. The indicator 
performance can be improved if different thresholds are utilised for different activity 
classes of sows. Choosing appropriate animal parameters and value limits for the 
definition of activity classes requires further investigation. Likewise requires the 
application of this approach to other ungulates further investigation.
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Abstract

Recent studies show that the onset of parturition in sows could be detected up to 24 
h before the parturition actually started. Such detections are based on the monitoring 
of the parturition related activity increase using automated electronic systems. This 
enables a qualitative parturition indication in terms of categories such as “upcoming” 
or “not upcoming”. Mostly, these indications exhibit temporal distributions within 
a range of 0-24 h before parturition. Hence, the practical use of the indications 
is limited. The current study investigates the assumption that the gradient of the 
individual activity increase could allow a quantitative prediction of the parturition 
onset. The activity gradient was measured by regression estimation, when a certain 
activity threshold was exceeded. The regression ranged from a minimal to the current 
activity level. The data was obtained from light barriers installed at the pen boards, 
measuring the activity of crated sows. The results show, that heterogeneous sow 
populations can be divided into sub-groups with homogenous activity development 
using known properties such as age and weight. Approximating the duration until 
parturition of 34 sows yielded predictions with a mean prediction error of 0.5 h ± 2.6 
h (SD) for 88% of the sows over a distance of 13-24 h before the onset of parturition. 
At the same time, the remaining 12% of the predictions were unusable. With 
these sows included, the mean prediction error was 2.4 h ± 5.7 h (SD). The suited 
predictions enabled rough estimations in categories such as now, today, tonight and 
tomorrow. Yet, further studies are required for the validation of this approximation 
approach and to lower the percentage of unusable predictions.

Keywords: parturition prediction, activity sensors, sow monitoring

Introduction

Just like their feral counter parts, captive pigs show an increased activity related to 
the near parturition (Jones, 1966). This behaviour is shown regardless of whether 
they have access to nest building material or not (Arey et al., 1991). Its expression 
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seems to be correlated to changes in the hormone status of the sow, starting up to 
48 h before the onset of parturition (Castren et al., 1993). Recent studies developed 
activity based techniques to automatically indicate the upcoming parturition on an 
individual base using animal attached accelerometers. These indicators exhibited 
temporal alert distributions with a range of 0-24 h before parturition (Cornou and 
Lundbye-Christensen, 2012; Pastell et al., 2013). Such advance alerts can be useful 
for the organisation of post-parturition piglet supervision in order to lower piglet 
mortality (Holyoake et al., 1995). However, without knowing the remaining time 
until parturition onset, the use of these alerts is limited. The current study used light 
barriers installed in the farrowing pens of 34 crated sows to measure their individual 
parturition related activity increase. The remaining time until the onset of parturition 
was approximated after the activity reached a certain level and was based on the 
gradient of the activity increase. Examined questions of the current study were

•	 How precise is the approximation?
•	 Could the approach also work with non-crated sows?
•	 Can additional information on sow characteristics such as weight or litter 

number improve the prediction accuracy?
•	 What distinguishes sows with incorrect predictions?
•	 Are activity gradient and maximal value of activity interrelated?

This work extends previous results submitted to the journal Computers and Electronics 
in Agriculture under the title “Towards qualitative and quantitative prediction and 
detection of parturition onset in sows using light barriers”.

Material and methods

Animals and housing
A total of 36 crossbreed sows (German large white × German landrace) in the 1st-6th 
parity and with a weight between 193 and 372 kg were kept in a compartment of a 
commercial breeding facility. All sows were housed in 1.84 × 2.6 × 0.6 m farrowing 
pens (width × depth × height) on slatted plastic floor and within adjustable farrowing 
crates (length: 1.6 - 2.0 m, width: 0.75 m) (Big Dutchman Pig Equipment, Vechta, 
Germany). The compartment contained four farrowing pens arranged side by side. 
No nest-building material was provided. Most of the sows (approximately 80%) got 
Oxytocin and some of them (approx. 5%) also Prostaglandin F2α to support the 
ongoing parturition. Both drugs were applied after the onset of parturition. 

Experimental setup
Four sows at a time were kept in the trial compartment in 9 successive trial runs. 
The parturition started 4 to 13 days after the transfer of the sows to the trial 
compartment. This large timespan was due to the breeders’ routine of covering 
the sows unsynchronised, waiting for their natural oestrus. Hence, the sows had a 
varying gestation length at the time of the transfer. 
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The start of the parturition was identified by the expulsion of the first piglet. Each 
farrowing pen was equipped with three light barriers (IPF Electronics GmbH, 
Rosengarten, Germany). The light barriers were installed at the pen board in the 
head region at 0.4 × 0.8 m (depth × height) (head sensor), in the torso region at 
1.15 × 0.8 m (torso sensor) and the hind quarter region 1.80 × 0.8 m (rear sensor) 
of the sow (Fig. 1). They consisted of a transmitter (model OS126103), receiver 
(model OE1260V1) and an amplifier (model OV640840). Missing data due to 
technical issues lead to the removal of the results from two sows. The evaluation 
therefore comprised only 34 sows.

Figure 1: Data analysis scenarios. The crated sow scenario used only head sensor 
data. The loose housing simulation scenario used all sensor positions but ignored 
the origin of the data.

Data analysis

The number of light barrier interruptions was cumulated hourly using summation. 
The sums were log transformed before any further analysis. Two scenarios – 
crated sows and a simulation of loose housed sows – were evaluated (Fig. 1). 
For the scenario with crated sows, only data from the head sensor data was 
incorporated. Loose housed sows were simulated using the data of the same 
crated sows. The simulation was performed by incorporating data from all 
body regions simultaneously and evaluating them as sum (sensor sum). This 
way, the system had no information on the origin of the activity as it would 
be the case with loose housed sows. Still, loose housing was not tested in the 
trial. It was merely simulated by the way the data from the crated sows were 
analysed. The continuous response variables (maximal activity, actual duration 
until parturition) were analysed by ANOVA (distribution = normal, link = 
identity) with the continuous fixed effect activity gradient. Average values were 
reported as arithmetic means with their standard deviation (SD).  Dynamic linear 
model (dlm) calculations were done using the R package dlm (Petris, 2010). 
All calculations were performed using the software R 3.0.2 (R Core Team, 
2013). Data from the day of transferring the sows into the trial compartment was 
excluded from analysis.
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Figure 2: Schematic illustration of the interrelation of the quantitative predictions, 
activity threshold and activity regression. The solid curves represent activity time 
series. The height of the activity peaks is denoted by the letter c. The regression 
estimations at the peaks are depicted by dashed parables. The parameters of each 
parable are denoted by single letters with numeric subscripts (minimum location x, 
gradient β, estimated duration to parturition e). A hypothetic activity threshold for 
the initiation of the prediction procedure is represented by the solid vertical line.

Dynamic linear models were utilised to decompose the activity time series into a 24 h 
periodic component and a polynomial trend curve in order to eliminate the circadian 
oscillation of activity. The polynomial trend curve was normalised by subtracting its 
corresponding static trend curve. The static trend curve was calculated by using a 
zeroed evolution error matrix Wt of the dlm system equation (Eq. 1). 

          (1)

The dlm models were obtained for each sow individually by fitting the data 
collected so far. Hence, 34 different and hourly updated models were used to obtain 
individual trend curves for each sow. To amplify the activity changes, a cumulative 
sum (CUSUM) transformation was applied to the normalised trend curve (Eq. 2) 
(Page, 1954). 

        (2)

            (3)
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If this transformed trend curve exceeded a certain threshold, it was assumed that the 
onset of parturition is near (Eq. 3). In this case, the start point of the activity increase 
was determined by backtracking the transformed trend curve to a point x near zero 
level (< 0.1) or with a small gradient (< 0.01). A parable was then estimated by linear 
regression, corresponding to the activity data known so far, starting at the minimum 
point x. The actual duration until parturition d was then estimated by assuming a 
hyperbolic relation e = g(β) (Eq. 4). The parameters (n, o, p) for g(β) were obtained 
by regression estimation of the actual duration until parturition d from the 34 sows 
and their activity gradient 6 h before the onset of parturition.

           (4)

Here, the value hi is the parable value so that parturition = xi + di with hi = βidi
²(Fig. 

2). An exact calculation of di requires that the correct value hi can be determined. 
This is generally not the case. However, the maximal activity ci forms a lower bound 
for hi. Yet, ci is unknown until the parturition starts. Therefore, it was assumed that 
the gradient βi and the maximal activity ci are interrelated. A steep activity increase 
should also result in a high absolute activity and vice versa. In this case, variations 
of the maximal activity would be approximately described by the activity gradient.
In addition, it was assumed from practical experience that young or lightweight sows 
exhibit a higher maximal activity than old or heavy sows. Hence, for each housing 
scenario (sensor configuration) two groups – one for young or lightweight and one 
for the remaining old or heavy sows – were composed. Two approaches were tested 
with each housing scenario resulting in four different approximation results. The 
first approach used a single prediction function g(β) for all sows without considering 
their age or weight. The second approach applied two different prediction functions 
g´ and g´´ for young or lightweight sows and the other sows. The estimation was 
deemed correct if the prediction was less than ±4 h off from the actual duration until 
parturition. 
For the head sensor measurements, the young or lightweight group was defined by 
a weight below 220 kg or a parity of 2 and a weight below 285 kg. For the sensor 
sum measurements, this group was defined by a weight below 220 kg or a parity 
between 2 and 4 and a weight below 285 kg. These limits were chosen arbitrary by 
data inspection and require further validation. It was then evaluated whether using 
a different approximation function for the groups improves the estimation accuracy.

Results

Plotting the individual maximal activity of the sows and the activity gradients of the 
sows 6 h before parturition gives the graphs depicted in Figure 3A and C. Figure 3A 
clearly illustrates an interrelation between activity gradient β and maximal activity 
c for all sows except six marked as black dots. These six sows exhibited a maximal 
activity level above 38 independently from their activity gradient. Without these six 
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sows there was a significant effect of the activity gradient for the head sensor (F1,26 
= 35.6, p < 0.001). With the six sows included, the effect was only by trend (F1,32 = 
2.27, p = 0.14). Similarly, three highly active sows with a maximal activity above 45 
could be identified for the sensor sum. Yet, even without these three sows, the effect 
of the activity gradient on the maximal activity was only by trend for the sensor sum 
(F1,28 = 2.43, p = 0.13). 
The highly active sows did not exhibit common properties in terms of age and weight. 
For the head sensor the parties were (7, 2, 1, 1, 2, 5) and the weights (372, 263, 242, 
225, 330, 335) kg. With the sensor sum measurements, the highly active sows had a 
parity of (1, 1, 2) and a weight of (242, 225, 330) kg. In general, the weight of gilts 
ranged from 218 to 280 kg and of parity 2 sows from 193 to 330 kg. Thus, the high 
active sows had a medium to high weight compared to the parity average. Yet, other 
sows with a similar parity and weight were not highly active.

Figure 3: Maximal activity c and actual duration until parturition d in relation to the 
individual activity gradient for the head sensor alone (A, B) and the summation of all 
activity measurements (C, D). The dashed horizontal lines in A and B illustrate the 
limit for the highly active classification (black) and the solid straight line the linear 
regression of the activity - gradient interrelation. In the lower diagrams (B, D), the 
dashed and solid hyperbolas display the different approximation functions fitted to 
young or lightweight (grey) or other sows (white). N is 34 for all diagrams.
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The diagrams in Figure 3B and D show the interrelation of the square root of the 
individual activity gradients 6 h before parturition and the actual durations until 
parturition d for the two scenarios. There was a significant effect of the activity 
gradient for the head sensor (F1,32 = 77.04, p < 0.001) as well as for the sensor sum 
(F1,32 = 58.2, p < 0.001). The prediction errors for the four approximation approaches 
are depicted in Figure 4. For the head sensor measurements and a single prediction 
function, 79% of the sows (n=27) yielded correct predictions. The average and 
standard deviation of these predictions per hour is depicted in Figure 4A. The overall 
error average for the 27 sows was 1.1 ± 4 h (SD). With all sows included (n=34) the 
overall prediction error was 0.43 ± 6.8 h (SD).

Figure 4: Average prediction error and its standard deviation in relation to the 
actual duration until parturition, with (B, D) and without (A, C) considering 
different activity classes. The diagrams depict only values for sows that yielded 
correct predictions as specified in the corresponding titles. The number of sows 
included varies for each hour as some sows reached the threshold activity later 
than 24 h before parturition.

Using a different approximation function for young or lightweight sows, 88% 
of all sows (n = 30) yielded correct predictions (Fig. 4B). The overall average 
error for the 30 sows was 0.5 h ± 2.6 h (SD). With all sows included (n=34) 
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the overall prediction error was 2.4 h ± 5.7 h (SD). For the sensor sum and a 
single prediction function, 79% of the sows (n=27) yielded correct predictions 
(Fig. 4C). The overall error average for the 27 sows was 0.1 ± 3.9 h (SD). With 
all sows included (n=34) the overall prediction error was 1.6 ± 8.2 h (SD). By 
utilising different approximation functions 82% of the sows (n = 28) yielded 
correct predictions (Fig. 4D). The overall error average for the 28 sows was -0.2 
± 3.2 h (SD). With all sows included (n=34) the overall prediction error was 2.2 
± 8.2 h (SD).

Discussion

A recent study by Aparna et al. (2014) achieved on average an 11.5 ± 4.6 h (SD) 
advance warning for 97% of 35 loose housed sows, using hidden phase-type 
Markov models. In the current study, up to 88% of all parturitions of 34 crated 
sows could be predicted over a distance of 13-24 h with a mean prediction error of 
0.5 h ± 2.6 h (SD) by evaluating the individual activity gradient. Precondition for 
utilising the activity gradient for these predictions was its interrelation with the 
maximal activity level and with the actual duration until parturition found in the 
current study. The relation between the activity gradient and the actual duration 
until parturition was however too heterogeneous for a single approximation 
function. Defining different activity classes with different approximation 
functions did therefore improve the predictions considerably. Yet, even with two 
approximation functions, the predictions commonly exhibited error rates ±4 h off 
the actual duration of parturition. Sources for this error rate were the selection 
of an appropriate minimum point x and individual variations in the activity 
development. A more sensitive sensor technology that also registers movements 
when the sows are reclined might improve the accuracy of the predictions.
For loose housing simulation, the predictions were less accurate. This is expressed 
by the lower number of sows with correct predictions compared to the head 
sensor measurements. A major reason for this decline was the minor interrelation 
of the activity gradient and the maximal activity. Due to this, the approximation 
function only poorly compensated the individual variation in the maximal activity 
of the sows. Another source of incorrect predictions were the highly active sows. 
These generally did not fit well with the approximation functions. At the same 
time, the highly active sows possessed no obvious common properties that would 
have allowed identifying them in advance.
For the predictions, a functional relation g(β) between gradient β and actual 
duration until parturition d was assumed. The prediction error is then exactly 
the distance of the points from the respective hyperbolas in Figure 3B and D. As 
the parameters of g(β)  were estimated by regression using the same data, the 
prediction error was minimised by the regression itself. Thus, a validation of the 
approximation approach presented here is still necessary.
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Conclusions

Different maximal activity levels and different activity gradients are the source of 
the wide alert distribution of threshold based qualitative parturition indicators. The 
same factors that trigger these alerts in a range of 0 to 24 hours before parturition 
could allow a quantitative prediction of the approximate duration until the onset of 
parturition. Yet, further studies are required for the validation of this approach. The 
current study stipulated an accuracy of ±4 h around the actual onset of parturition. 
This accuracy would be sufficient for rough parturition predictions in categories 
such as today, tonight or tomorrow. More precise measurements of the activity and 
the identification of further animal classes with a homogeneous activity profile could 
allow a further improvement of this accuracy limit. For crated as well as non-created 
sows a similar prediction accuracy can be achieved. However, the share of sows 
with incorrect predictions seems to be higher if the body location of a measurement 
is unknown. Another source of incorrect predictions were extraordinary active sows. 
Further studies are required to identify the reasons for this activity and common 
properties that allow an early identification of such individuals. 
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Abstract

The development of precision livestock farming methods which adjust the food needs 
of each animal requires detailed knowledge of the animal’s behaviour and particularly 
its physical activity. Accelerometer technology offers opportunities for automatic 
monitoring of animal behaviour. The aim of the first step was to develop a methodology 
to attach the accelerometer to the sow’s leg, and an algorithm to automatically detect 
standing and lying posture. Accelerometers (Hobo Pendant G) were put in a metal case 
and fastened onto the leg of 6 group-housed sows with two cable ties. The data loggers 
recorded the acceleration on one axis every 20 s. Data were then validated by 9 hours 
of direct observations. Accelerometers were then attached to 12 to 13 group-housed 
sows for 2 to 4 consecutive days on 6 commercial farms equipped with electronic sow 
feeding. On average, sows spent 259 minutes (± 114) standing and changed posture 29 
(± 12) times each day. The sow’s standing time was repeatable day to day. Differences 
between sows and herds were significant. Five categories of sows were identified on the 
basis of behavioural data. This study suggests that studying the individual behaviour of 
each animal would improve herd management.

Keywords: group housed sows, activity, automatic recording, accelerometer

Introduction

Detailed knowledge of the physical activity of pregnant sows would allow us to 
adjust her food needs more accurately. Energy requirements for maintenance activity 
are twice as high for standing than for lying sows (Noblet et al., 1993). Changes in 
physical activity may also indicate a health problem.

Little data about the activity of group-housed pregnant sows is available. In 2014, we 
reported the distance covered by group-housed sows observed over a 6-hour period on 
pig farms (Tertre and Ramonet, 2014). Such observations about sow behaviour, either 
measured directly on the farm or through analysis of video recordings, are necessarily 
time-limited. 

Attaching data loggers to the animal is an efficient way of collecting information 
over longer periods of time. Data about sow activity are usually recorded with 
accelerometers on the neck (Cornou and Lundbye-Christensen, 2008) or attached to 
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the leg of sows housed in individual pens (Ringgenberg et al., 2010). These treatments 
were applied to a limited number of animals in order to develop a methodology for 
automatic monitoring of animal behaviour. 

The aim of this study was to use accelerometers to measure the time spent lying and 
standing in group-housed sows.

Material and methods 

The first step (ST1) of the study was to develop a methodology for attaching the 
accelerometers to the leg of the sow and to standardise signal analysis. In the second 
step (ST2), the automatic recording device was attached to 12 to 13 group-housed 
sows on 6 commercial farms. 

Equipment 
The accelerometers used for the study were HOBO® Pendant G data loggers. This 
recording device is designed to measure gravity, acceleration, vibration and angular 
displacement on 1, 2 or 3 axes. It has a measurement range of ± 3g. Stainless steel 
and aluminium cases (dimensions: 80mm x 35mm x 30mm; weight: 145 ± 57g) were 
designed to contain and protect the accelerometers. 

The cases were fastened to the sow’s hind leg with two 9 mm-wide plastic cable ties, 
tightened with a special collar. The sow’s leg under the case was protected by 13 mm 
thick foam tape. The device was attached to 6 group-housed sows which were free to 
move in the stall. A handful of feed could be given to the sow to limit her movements 
during the fastening operation, which lasted 20 to 40 seconds. The device was removed 
by cutting the two ties. 

Figure 1: The metal case fastened to the sow’s leg protects the accelerometer against 
biting by others sows in the group.
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Programming the data loggers
The accelerometers were programmed to record an acceleration signal every 20 sec. on 
the vertical x-axis only. The x-axis and the frequency of signal recording were chosen 
following a trial phase. It was then possible to differentiate between standing and lying 
postures accurately. After the 3-day recording period, the cases were removed and data 
downloaded onto a Microsoft Excel spreadsheet.

After initial analysis of the data, two main rules were defined to analyse a signal from 
the logger: (1) the lower limit above which a sow was considered to be standing was 
defined as a threshold value of 0.65 g; (2) a sow was considered to be standing or lying if 
the period contained at least two consecutive points with the same posture. This rule was 
used to clean the data and eliminate artefacts of the signal. The data processing illustrated 
in Figure 2 was obtained using an algorithm developed in Microsoft Excel with these 
two rules.

Figure 2: The typical accelerometer signal. The solid line corresponds to the accelerometer 
signal, with sampling every 20 s. The two rules for the data cleaning phase (threshold 
value 0.65g / elimination of artefacts (A)). The dotted line corresponds to the standing-
lying posture. The postural changes observed are represented by the triangles. 

ST1: Animals and housing
Twelve sows were selected from the herd at the experimental farm of the Agricultural 
Chamber of Brittany. Sows were housed in a 23-sow dynamic group system with a fully 
slatted floor and an electronic sow feeding (ESF) system. The case containing the logger 
was fastened onto these animals according to the protocol described above. The stall area 
was 70 m² and feed delivery started at midnight. 
Observation of sow behaviour was used as a reference. The animals were observed for 
3 consecutive days during a 3-hour recording period, early in the morning. The moment 
when postural changes (standing/lying) occurred was recorded.
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Sensitivity (SE) and specificity (SP) values were calculated during the 9-hour 
observation period for each of the 19440 measurements recorded by the 
accelerometers placed on the 12 sows. For each measurement, the value was 
defined as true or false positive or true or false negative. Sensitivity (SE), specificity 
(SP), positive predictive value (PPV) and negative predictive value (NPV) were 
calculated.

ST 2 : Commercial farms, animals and data loggers
Measurements were taken on 6 commercial farms, identified as A to F, equipped 
with ESF and slatted floors. They differ in terms of group types (3 stable groups and 
3 dynamic groups) and size (average of 42 sows/group for the stable group and 191 
sows/group for the dynamic group). 
The cases with the accelerometers were attached to group-housed sows at the 
beginning of the week for a 2-4 day period. Every morning, the equipment was 
checked to ensure that it was working properly. 13 sows were fitted with a logger 
on commercial farms A and B, and 12 at the other four farms. At each farm, the 
animals selected belonged to the same batch of sows. They were in the middle of 
the gestation period (7-10 weeks after insemination), did not show any evidence of 
musculoskeletal disorder, and were selected to represent different ranks in the litter. 
In farms C and D, gilts were housed in another group, so they were not involved in 
the study. 
Of the 74 metal cases fastened onto sows, 3 were voluntarily removed and 10 were 
found on the ground. They had either slipped down off the sow’s leg or had been 
pulled off by gnawing.
Accelerometer data were processed in Microsoft Excel using the algorithm 
described. The data are shown for 24 h sequences. Sow movement was partly 
related to feeding and the starting point for feed delivery was quite different on the 
6 farms. In order to determine an equivalent basis for all farms, a “day” period was 
established starting 1 hour before feeding, while sow activity is usually low. 
The variables calculated for each sow were: time spent standing (StandD) and lying 
(LyingD) per day, the number of posture changes per day (PostChangD), the average 
duration of standing (StandAve) and lying periods (LyingAve), and the maximum 
duration of a standing period (StandMax) and a lying period (LyingMax)

Statistical analyses
In ST2, data were processed with R software (2014). A mixed model was used to test 
the effect of day, pig herd, sow parity and sow (hierarchised random effect in the pig 
herd effect) and day´pig herd, parity´day and parity´pig herd interactions on StandD and 
PostChangD.
A classification was built in order to characterise sows according to all measurements 
(through principal component analysis (PCA) followed by a hierarchic ascendant 
classification (AHC), FactoMineR package). The χ² independence test was performed to 
determine whether the sow categories revealed by AHC were represented in all pig herds 
or were associated with a specific behaviour (catdes function of FactoMineR)
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Results 

Validation of measurement method (ST1)
During the 9-hour observation period, sows spent an average of 1h41 standing, and 
178 posture changes were observed in the 12 sows, with an average of 14.8 per sow. 
Only 2 changes were not detected by the accelerometer. For 9 sows, the accelerometer 
overestimated standing time by 211 sec. (+ 3.35%) for an average standing time of 
6293 sec.. For 3 sows, the standing time was underestimate by 60 sec. (- 1.12%) for 
an average time of 5373 sec. Sensitivity values reached 98.8±2.7% (Table 1), and up 
to 100% for 11 out of the 12 sows. Specificity values were 99.8±0.1%, as the logger 
detected 28 posture changes for 10 sows that were not detected by the observer. The 
positive predictive value was 86.2%.

Table 1: Sensitivity and specificity for 12 sows over 9 hours

Classified by direct observation

[+] [-]

Classified by the 
accelerometer

[+] 176 28 PPV = 86,2%
[-] 2 19234 NPV = 99,9%

SE = 98.8% SP = 99.8%

Test carried out for 19440 data points, where the sow changed posture [+] or did not 
change [-] 

Measurement of sows’ physical activity on commercial farms (ST2)
When all the animals observed are considered, sows spent on average 259±114 
minutes per day standing with a significant inter-individual variation of between 
76 and 562 min/sow. The average number of posture changes within each 24-hour 
period (PostChangD) was about 29±12 and varied from 8 to 76 depending on the 
animal. 
Day´farm, day´sow parity interactions and day effect were not significant for these 
two variables (p>0.05). However, the effects of pig herd, sow parity and animal on 
StandD and PostChangD were significant, as was the rank/farm interaction (p<0.05). 
The sow´day interaction could not be tested as we only had one day of measurements 
per sow. The effect of herd (p=0.002), the difference between sows (significant sow 
effect, p<0.001) and the activity of most sows is repeatable day to day. The variability 
of measurements due to the sow effect is much higher than the variability due to the 
day effect. This result is similar for the StandD variable. 
PCA and AHC enabled us to determine five homogenous classes of sows based on 
their behaviour (Table 1). Animals in class C1 were young, changing posture roughly 
43 times per day, which is nearly 50% more than the average for all the other sows. 
Sows in class C2 spent less time standing, only 2h52 per day. Sows in class C3 spent 
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a lot of time standing: 5h26 on average. Sows in class C4 were older (parity number 
= 6.5), with few posture changes. The three sows in class C5 spent on average 7h40 
standing, with a low level of change of posture. Sows in the different categories 
defined above were found on all six farms and their behaviour was not determined 
by the farm or the type of herd management (stable or dynamic group)

Table 2: Characteristics of the five classes of sows (Average values)

Average 
of all C1 C2 C3 C4 C5

Number of sows 14 21 21 6 3
StandD, min 259 233 172*** 326*** 262 460***
StandAve, min 22 11** 14** 25 32 76***
LyingAve, min 95 58* 105 83 147*** 145**
StandMax, min 102 55* 56** 140** 120 321***
LyingMax, min 395 322** 415 348 608*** 403
PostChangD 29 43*** 26 29 18** 14*
Parity number 3,5 2,2* 3,2 3,7 6,5** 5,0
In bold, significant difference; *: P<0.05 ; **: P<0.01 ; ***: P<0.001.

Discussion

Methodology used to detect posture changes
Placing the accelerometer on the sow’s leg can be considered a major difficulty 
as the metal cases can be chewed and bitten by other sows in the group. Our 
equipment was big, and other sows could easily grab it. The device stayed in 
place for up to 5 consecutive days and could probably be left longer on several 
farms. Most equipment losses occurred during the first 24 hours of measurement. 
On at least one of the farms, it fell down due as the plastic clamp had been 
fastened loosely. 
As far as we know, accelerometers have mainly been tested on the hind legs of 
sows housed in individual pens (Ringgenberg et al., 2011), attached to the sow’s 
ear (Marchioro et al., 2011) or on a neck collar (Cornou and Lundbye-Christensen, 
2008). Identifying different types of sow behaviour such as feeding, walking, 
rooting, lying laterally and lying sternally through the use of accelerometers 
located on the neck requires the use of complex mathematical models (Cornou 
and Lundbye-Christensen, 2008). The main advantage of leg attachment is the 
high quality of recording and ease of signal processing. Use of the vertical axis 
alone appeared to be sufficient to measure standing and lying postures. The other 
two axes of the device could be used if more accurate information was required 
to quantify and qualify animal behaviour, for instance to assess the animal’s food 
needs. 
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Activity of the sow
The duration of total standing activity on commercial pig farms averaged 259 
minutes/d and values ranged from 76 to 562 minutes/d. The number of posture 
changes appears to be a practical method of describing animal behaviour. With 
29 posture changes recorded on average within 24-h time periods, our results are 
of the same order as the results obtained by Marchant and Broom (1996). 
Observing repeated behaviour of the sow over several consecutive days also 
opens up an opportunity to use data loggers and automatically detect reproductive 
disorders or standing problems. A change in activity rhythm can also be an early 
indicator of emerging health disorders. In our study, the six pig herds selected 
were managed in similar systems, equipped with ESF on a slatted floor. The 
behavioural difference that we observed appeared to show less contrast than the 
behaviour we observed when evaluating stepping behaviour in group-housed 
sows in various types of pig house (Tertre and Ramonet, 2014).
Sows were divided into five behavioural types, C1 to C5. The classes depend 
partially reflect the age of the animal. This is the case with Class 1 and 4. Young 
animals changed posture on average every 30 minutes. Older sows in class C4 lay 
for 10h08 on average. Mixing gilts with older sows is considered a risky practice 
in terms of reproductive performance (Boulot et al., 2011). Other factors, such as 
the body condition of the sow (Cariolet and Dantzer, 1984) or the stockperson’s 
behaviour, can explain the sow’s behaviour.

Feeding strategies
The results of the present experiment indicated that sows spent an average of 
259 min/d in the standing position. This value is not far from the reference 
240 minutes mentioned in InraPorc, a model and decision support tool for pig 
nutrition (Dourmad et al., 2008). The feed requirement increases as physical 
activity increases. Under practical conditions, levels of physical activity can 
vary greatly between group housing systems (feeding stalls, ESF) and between 
sows (Tertre and Ramonet, 2014). Physical activity can represent an important 
source of variability in terms of energy requirements. Energy requirements for 
maintenance activity are twice as high for standing than for lying sows (Noblet et 
al., 1993). Using InraPorc, we can estimate that two hours of standing time/day 
represents an additional requirement of 0.165 kg/d or 15 kg/sow for a standard 
diet for the duration of gestation (9.0 MJ EN/kg). A better understanding of sow 
activity appears to be necessary in order to adapt feed delivery to each animal’s 
needs. Continuous measurement of the standing activity of the sow would enable 
precision feeding of the sow.

Conclusion 

Our study measured standing and lying times for group-housed sows over several days 
in buildings equipped with electronic sow feeding. A logger fastened to the animal’s 
leg delivered a clear signal which was easy to analyse. The method of attaching the 
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device and the signal processing method are feasible for measurements taken under 
the conditions of our study. However, wider use of the device on a commercial scale 
would require the development of a miniaturised device and continuous data transfer.
This work completes our results for the activity and stepping behaviour of group-
housed sows, obtained over a short and necessarily limited period through direct 
observation (Tertre and Ramonet, 2014). The use of data loggers attached to the 
sow’s leg increases the measurement time and widens the range of observation 
criteria beyond posture alone. Interpreting the data produced by the loggers relies 
on behavioural observations in order to describe the changes in animal rhythm or 
activity on the basis of zootechnical parameters. 
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Abstract

The objective of the study was to test the effectiveness of detection of nest-building 
behaviour in non-crated farrowing sows that are not confined in crates on the basis of 
accelerometer data. The experiment took place in the research farm of University of 
Veterinary Medicine Vienna. The sow herd counted 120 Edelschwein sows in total. 
Data were collected in 9 sows housed in farrowing pens that allow both loose housing 
and temporary crating of sows. The animals were not confined in crates during the 
experiment and straw was provided to the animals permanently via a rag. Behaviour 
of 9 sows was video recorded and labelled in a period of 24 h before farrowing with 
focus on nest-building activities. Additionally each sow had a specific ear tag with an 
accelerometer sensor mounted on the ear. Out of 9 sows under observation, 6 were 
assigned as a training set and 3 as a test set. Classification of nest-building events 
in the test set using accelerometer data with the Hidden Markov Models indicated 
sensitivity of 85 %, specificity of 94 % and accuracy of 89 %. On-farm application of 
the system would give the possibility to keep sows unconfined until the end of nest-
building period. Thus, crating of sows can be limited individually to the first few 
days after farrowing when the risk of piglet crushing is high. This would improve 
welfare of sows, without an increase in piglet mortality and without extra labour 
demand for observation.

Keywords: sow, nest-building behaviour, farrowing, accelerometer, automated 
monitoring

Introduction

Nest-building is an important behavioural trait in domesticated, feral and wild sows 
(Lent, 1974). Female pigs build nests in order to protect piglets against heat loss, 
unfavourable weather conditions, predators (Pullar, 1953), trampling by other adult pigs 
and to facilitate mutual bindings to the offspring (Jensen et al., 1987). Due to hormonal 
changes and presence of external stimuli nest-building starts 24 h before parturition, 
reaches the maximum frequency 6-12 h before parturition and then decreases as 
parturition approaches (Castrén et al., 1993). In modern intensive pig production, sows 
are usually kept on concrete or plastic floors and in narrow crates before and also during 
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farrowing (Anon, 1997). These conditions prevent much of the nest-building behaviour 
(Wischner et al., 2009). Limited possibilities of building a nest in sows lead to increased 
plasma cortisol levels (Lawrence et al., 1997), behavioural disorders such as bar biting 
(Jensen, 1988) and repetitive pressing of the snout against a surface (Vestergaard, 1984). 
Therefore, the possibility to perform nest-building behaviour should be offered to all 
sows in modern management systems. For this possibility, space and the provision of 
adequate nest-building material are two relevant pre-requisites (Wischner et al., 2009).
In comparison to crated systems in loose housing systems (i.e FAT2, Schmidt, PigSAFE) 
sows perform more elaborate nest-building behaviour that starts earlier and lasts longer 
(Thodberg et al., 2002). Thus, keeping sows in loose systems offers possibilities to 
improve nest-building behaviour.
However, risk of piglets being crushed is increased when sows are not confined in crates 
(Edwards and Fraser, 1997). In order to provide the sow the freedom to build a nest 
and simultaneously keep the piglets mortality at the same level or lower than in crates a 
concept of temporary crating was developed. Crating the sow only in the critical period 
of piglets lives can limit piglet loss due to crushing while nest-building behaviour can 
still be performed (Baumgartner, 2012).
Choosing the right moment of crating an individual sow in farm conditions, in a way 
that nest-building is possible and risk of piglet crushing is low, is challenging. Due to 
the biological variability in gestation length, time consuming observation of sows is 
necessary. On the other hand confinement of sows based on a calculated farrowing date 
of the group will either disturb adequate nest-building or the farrowing process in many 
sows of the group. A promising way to overcome these constraints is the use of sensor-
based methods of Precision Livestock Farming (PLF)(Wathes et al., 2008).
The objective of this research is to develop and validate a method for classification of 
nest-building behaviour in sows on the basis of accelerometer data. The purpose of the 
PLF monitoring technique is to detect nest-building behaviour in loose housed sows that 
are temporary crated just for the critical period of piglets’ live. The monitoring technique 
should help both to allow adequate nest-building activity of sows and give precise 
information to stockmen when a sow can be crated prior to farrowing for protection of 
piglets.

Materials and methods

Animals and housing
Experiments were conducted between June and September 2014 at the experimental 
farm of the University of Veterinary Medicine Vienna. In total nine Austrian Large White 
sows were included in the experiments. The sows were kept in three types of farrowing 
pens with possibility of temporary crating of the animals. Out of nine sows three were 
kept in SWAP pens, 3 in Trapeze pens and 3 in Wing pens. SWAP pens and had an area 
of 6 m2. The pens had partly solid concrete floor in the front sow laying area and a partly 
solid cast iron flooring in the back sow laying area. Trapeze pens had an area of 5.5 m2. 
The pens had slatted plastic floor in the creep area, as well as in the sow lying area, in 
front of the trough. Wing pens had an area of 5.5 m2. The pens had partly slatted plastic 
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floor and partly solid concrete floor. In all 3 pen types a straw rack was mounted in 
front of the pen, in close proximity to the trough.
The sows were introduced to the farrowing pens five days before due date of farrowing 
and stayed in the pens until weaning of  piglets after a four weeks lactation period. In the 
experimental period the sows were fed twice a day. Water was provided permanently in 
the troughs via a nipple drinker or an automatic water-level system.
To fulfil the need for adequate material to explore and for nest-building sows and 
piglets were offered straw in a rack throughout their stay in the pens. The racks were 
filled up to half in the morning and whenever the racks were empty.
Project ‘PIGwatch’ was authorized by Ethical Committee of the Austrian Federal 
Ministery of Science, Research and Economy and by Ethical committee of Vetmeduni 
Vienna (GZ: BMWFV-68.205/0082-WF/II/3b/2014) according to the Austrian 
Tierversuchsgesetz 2012, BGBl. I Nr. 114/2012.

Video recording
Behaviour of sows was video recorded from introduction to the farrowing pens until 
weaning with 2D cameras in order to create a data set that could be labelled. Each 
pen was equipped with one IP camera (GV-BX 1300-KV produced by Geovision and 
locked in protection housing (HEB32K1) hanged 3 m above the pen, in top view.  The 
cameras were recording with 1280x720 pixel resolution, in MPEG-4 format, in 30 fps. 

Data labelling
Recorded videos were labelled by human in order to create a reference data set on the 
basis of which an algorithm for automatic detection of nest-building behaviour could 
be developed.
In the first step of labelling process, time of the beginning of farrowing of each 
individual sow (n=9) was labelled. The start of farrowing was defined as point in time 
when the body of a first piglet born dropped on the floor.
In the second step the 24 h period before the start of farrowing was labelled, with 
focus on nest-building behaviour. In total four types of nest-building behaviours were 
labelled: exploratory behaviour (Damm et al., 2003), pawing (Damm et al., 2003), 
manipulation of pen (Burri et al., 2009) and manipulation of rack (Weerd et al., 2006). 

SMARTBOW® system
The SMARTBOW® System delivered information on acceleration of sensors attached 
to sows. The system was composed of SMARTBOW® Ear tags, SMARTBOW® 
Wallpoints and SMARTBOW® Station. 
The SMARTBOW® Ear tag is equipped with an accelerometer sensor that measured 
acceleration in 3 plains (xyz) (Fig 1). Acceleration is a vector quantity defining the 
rate at which the sow changed its velocity. The sow was treated as accelerating if its 
velocity was changing. The initial series included values for the three axes (x, y and z), 
which were measured in acceleration unit (g = 9.81m/s2). Acceleration values for the 
three axes ranged from +2 to -2 g, where 0 g corresponds to no acceleration. Frequency 
of the accelerometer was set to 10 Hz. 
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Fig. 1. SMARTBOW® Ear tag: xyz plains, battery container

Data set
For purpose of algorithm development out of the total number of 9 sows labelled, 6 
sows were chosen as a training set and 3 as test set. The animals both in the training set 
and in the test set were equally distributed to Wing, Trapeze and SWAP pens. 
We decided to divide the 24 h periods into 2 h intervals which could be classified 
automatically as nest-building and not nest-building events on the basis of 
accelerometer data. We assumed that information on the state of the animal provided 
every 2 hours should be easy to interpret for the end user. Dividing 216 h (9 sows x 
24 h = 216 h) of 9 sows’ activity into 2 h intervals resulted in 108 total number of 2h 
intervals in the data set, where the number of intervals in the training set was 72 and 
in the test set 36 (Table 1).

Table 1. Number of nest-building events in the data set 

Data set Sow 
number

N nest-building 
events

N non-nest-
building events % events Total

Training 147093 3 9 25,0 12
147156 6 6 50,0 12
147159 11 1 91,7 12
147007 9 3 75,0 12
147145 7 5 58,3 12
147158 8 4 66,7 12

 Total 44 28 50,0 72
Test 147127 5 7 41,7 12

147142 5 7 41,7 12
147019 8 4 66,7 12

 Total 18 18 50,0 36
Training + Test Total 62 46 48,1 108

The criterion for classifying a 2 h interval as nest-building or non-nest-building 
event was the total duration of nest-building activities in that interval. The number 
of seconds of exploratory behaviour, manipulation of rack, manipulation of pen and 
pawing behaviour were summed up for each 2 h interval of the labelled training set. 
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In the next step the calculated median of nest-building duration of all 2 h intervals 
of training set (387.5 s) was used as a threshold for classifying the beginning of 
nest-building. The first 2 h event in which summarized number of seconds of nest-
building was equal or above the median (387.5 s) was interpreted to be the beginning 
of nest-building. Each 2 h event that occurred after the beginning of nest-building 
was labelled as nest-building event. In the next step the threshold based on median 
duration of nest-building in the training set was applied to the test set. The division 
resulted in 18 nest-building events in the test set (Table 1).   

Parameters
Initially raw accelerometer data was pre-processed with jerk filter (Hamalainen et al., 
2011). Jerk filter was applied in order to handle the problem of unknown orientation 
of the sensors mounted on ears of sows:

In the second step 3 parameters were extracted from 2 h intervals of jerk filtered 
acceleration data: energy of x axis, energy of y axis and energy of z axis. Energy 
was defined as:  ,  where x is acceleration of x, y or z axis. In 
the third step energy of 3 axes were summed up to form one signal: total energy of 
acceleration for each 2 h interval. 

Hidden Markov Models
A hidden Markov model (HMM) is a statistical Markov model in which the system 
being modelled is assumed to be a Markov process with unobserved (hidden) states. 
The HMM consists of a hidden variable y and an observable variable x at each 
time step. In our case the hidden variable is the nest-building and non-nest-building 
activities, and the observable variable is the vector of sensor readings. Specifically 
observable variables are values of total energy of acceleration in 2 h intervals. We 
define a sequence of observations x1:T = {x1,x2,...,xT } with xt = (x1

t , x
2
t ,...,x

N
t )

T and xi
t 

{0, 1}. The corresponding sequence of hidden states is represented as y1:T = {y1, y2,...,yT} 
where for Q possible states yt {1 ...Q}. The joint probability factorizes as follows:

The different factors further specify the workings of the model. The initial state 
distribution p(y1) is a conditional probability table with individual values denoted as 
p(y1 = i) ≡ πi. The observation distribution p(xt | yt) represents the probability that 
the state yt would generate observation vector xt. Accelerometer observations are 
modelled as log-normal distribution, where μin is the parameter of the nth sensor for 

ƒ(ci, αi) = (       where             
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state i. The transition probability distribution p(yt | yt−1) represents the probability of 
going from one state to the next. This is given by a conditional probability table A 
where individual transition probabilities are denoted as p(yt = j | yt−1 = i) ≡ aij. The 
HMM is therefore fully specified by the parameters A = {aij}, B = {μin} and π = {πi}.

Results and Discussion

Classification of behaviour was performed with HMM on a total number of 108 
nest-building and non-nest-building events in the data set. Confusion matrix was 
calculated and statistical measures of performance such as sensitivity, specificity and 
accuracy were retrieved (Table 2).

Table 2. Confusion matrix of HMM classifier.

Data set Class
Predicted class

TotalNest-building Non-nest-building
Training Nest-building 36 7 43
 Non-nest-building 8 21 29
Test Nest-building 17 3 20
 Non-nest-building 1 15 16

Statistical measures of performance of the algorithm in the training set were: 
sensitivity 84 %, specificity 72 % and accuracy 79 %. In the test set the measures 
were: sensitivity 85 %, specificity 94 % and accuracy 89 %. 

Figure 2. Classification of nest-building events of sow 147019.
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In figure 2 classification of nest-building behaviour is shown for sow 148019. In 
total 10 nest-building events were detected and 8 events were correctly classified. 
Nest-building behaviour was detected for the first time 4 h (2 events) earlier than in 
the labelling by human.
Previous attempts to monitoring behavioural patterns at the onset of farrowing used 
infrared photocell and force sensors mounted in the farrowing crates (Erez and 
Hartsock, 1990; Oliviero et al., 2008). Force sensors were applied for detection 
of onset of farrowing on the basis of increased activity of a sow during the nest-
building phase. The force sensor recorded a significantly higher number of peaks 
in the 24-h interval prior to farrowing than in all the other 24-h intervals monitored 
(Oliviero et al., 2008).
Besides, photocell and force sensors mounted in the farrowing crates, accelerometers 
mounted on the animals were used for classification of sows activity types at the 
onset of farrowing (Cornou and Lundbye-Christensen, 2008; Cornou et al., 2011) 
and in different stages of gestation (Ringgenberg et al., 2010). Results indicated 
classification correctness of activity types of up to 100 % 
Even though PLF is a new concept that relies heavily on technology and still only a 
few PLF applications are used commercially, the future implications of nest-building 
monitoring system are wide. Although classification technique developed does not 
allow exactly predicting the time of farrowing of a sow, the results indicated that 
for 8 out of 9 sows at least 5 alarms were generated before farrowing started. A 
practical strategy for crating the sows temporarily on the basis of the alarm system 
could be to confine the animals after 5 alarms were generated. In this way most sows 
are allowed to perform adequate nest-building behaviour (for 10 h) and new born 
piglets are protected from crushing due to crating of sows just before farrowing.        
Another application of the monitoring system based on the technique developed 
is to indicate that farrowing will occur within few hours. At present, especially in 
large herds, most farrowing occurs with no supervision. Furthermore the gestation 
length in the sow range from 105 to 125 days and parturition is difficult to predict 
in practice. The sows should be checked at regular intervals during many days 
before the expected farrowing, which is costly in terms of labour. The prediction of 
farrowing using nest-building monitoring system could help the farmers to improve 
their surveillance during these hours, thus benefiting the sows, the piglets and the 
economy (Oliviero et al., 2008).
The data generated by our system enable to monitor the progress of a sow’s 
parturition without making frequent visits to the farrowing area. Usage of automatic 
monitoring has the additional advantage of not interrupting the sow’s activities at 
a time before farrowing, when she is sensitive to outside disturbances (Erez and 
Hartsock, 1990).

Conclusions

In this research HMM were used in order to detect nest-building behaviour in non-
crated sows on the basis of accelerometer data. The technique allowed detection of 
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nest-building behaviour with good accuracy of 89 %. The technique could be used 
as part of PLF automatic monitoring system. Application of the system on farms 
could give the possibility to keep sows non-crated until farrowing. Thus, sows only 
have to be crated in the first days of piglets’ live when they are the most vulnerable 
to crushing by the sow. This should improve both sow welfare and piglet survival 
rate without the need extra time for animal observation.  
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Abstract
The Dutch Smart Dairy Farming (SDF) consortium works on proof of concept and 
on development of sensors, IT infrastructure, decision models and work instructions 
designed to support dairy farmers and farm advisors in extending the lifespan of their 
cows. Various companies (chain partners Friesland Campina, CRV and Agrifirm), IT 
companies and SMEs, knowledge institutions (WUR, TNO, UU, VHL) and dairy 
farmers are working together on the development of these innovative tools in the area 
of animal health, fertility and nutrition. For successful development of these tools, a 
platform is required to make real-time sensor data from different farms available to 
model developers. The data must be made available via a standard interface on an 
open platform in real time at the individual animal level. The concept of an InfoBroker 
is considered a breakthrough when it comes to making data stored in diverse places 
available in an efficient manner. The InfoBroker is capable of retrieving individual 
cow data from an unlimited number of sources while at the same time serving a large 
number of models on-demand. In the InfoBroker, the data which may be released 
are specified for each farm. This means that the farmer always stays in control. This 
consortium has already been working together for 4 years. This paper describes 
cooperation throughout the chain and the approach taken, pointing out that this is a 
critical factor in the uptake of smart farming.

Keywords: cow, consortium, chain, data, PLF, InfoBroker 

Introduction

Although there is already an active international community which has been 
promoting the concept of Precision Livestock Farming for almost two decades, there 
is also a need to create regional and national interest in this topic (based on the EIP-
AGRI Focus Group Precision Farming report, to be published soon). In 2008 the 
three northern provinces of the Netherlands had four different focus points. These 
were energy, water, life sciences and sensor technology. At the interface between the 
life sciences and sensor technology, people were only thinking of projects related to 
precision agriculture. Wageningen UR Livestock Research and the NOM (Northern 
Development Cooperation) wondered why the dairy sector, also strongly represented 
in this region, was not active and took the initiative to promote the concept of PLF. 



Precision Livestock Farming ‘15644

They organised discussions and workshops with farmers, veterinarians, SMEs, 
knowledge and educational institutes and dairy chain partners. A feasibility study 
was performed (Lokhorst et al., 2009). The basic questions were: What do you need 
as a farmer to manage an individual cow well? What are the critical processes, taking 
into account the specific situation and everyday environment in which the processes 
occur? Can you take better decisions based on this faster and better information and 
can you predict what will happen if actions are not executed?. The critical processes 
and critical periods in the lifespan of a cow were identified and the ‘Smart Dairy 
Farming’ project was formulated based on this and the potential of the concept 
and the willingness of different organisations to cooperate. This project started in 
2011 and lasted 4 years. This paper explains the overall structure of the project and 
discusses the critical factors for cooperation.

Materials and methods

Project outline
The core of the Smart Dairy Farming project (hereinafter SDF, see diagram in Figure 
1) was to investigate the potential of sensor technology in dairy farming systems to 
improve daily care at cow level through practical work instructions for the farmer. 
Within SDF a proof of concept had to be developed for precision dairy farming, 
based on real-time and open data sharing. The data were derived from multiple data 
sources from different sensor companies. The aim was to increase the lifespan of 
cows. For this the following three processes were identified as critical (see Figure 2):

1. Young cattle – rearing with focus on animal health 
2. Reproduction
3. Transition management with focus on feeding

During the project at least five work instructions had to be developed per process. 
These work instructions were based on real-time data from sensors and from 
additional cow and farm data and were designed to support a specific decision by the 
farmer. A new data market was developed to extract data from different environments 
on seven different dairy farms and to feed decision models with data. This is known 
as the InfoBroker. Data were captured using twenty different sensors, some of which 
were developed within SDF. Real-time data from 1,500 cows were collected and 
processed with models in order to develop work instructions that could be presented 
by a user interface.
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Figure 1: Artist’s impression of the Smart Dairy Farming project.

Work package structure
Originally, the project structure was based on five different work packages, four of 
which focused on the content and one on project management and communication. 
The main goal of the ‘chain transparency’ work package (see Figure 2) was to 
determine whether the data exchange method which was used by TNO in the Ijkdijk 
project (http://www.ijkdijk.nl/nl/) was also suitable in the dairy situation. For the 
dairy sector, we changed the name from Ijkdijk to the more appropriate name of 
InfoBroker. Another goal in this work package was to involve field staff from the 
breeding, feed and food companies in the dairy chain. The goal of the ‘models’ work 
package (see Figure 2) was to develop and test ‘real time’ models that were capable 
of integrating multi-sensor and multi-data input into operational standard operating 
procedures for the key processes identified. The goal of the ‘sensors’ work package 
was to evaluate, develop, test and integrate existing and new sensors into the ICT 
infrastructure created in the ‘chain transparency’ work package. The goal of the 
‘farmers network’ work package (see Figure 2) was to involve a group of innovative 
farmers as key users and test an innovation environment. Another goal was to work 
with this group so that they became ambassadors for the concept of precision dairy 
farming.  
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Figure 2: Main project structure of the Smart Dairy Farming project.

In the second year of the project the structure of the work packages was changed 
into a matrix. In addition to the existing work packages, three development lines 
were introduced. The role of a development line was that, for each identified key 
process, an industrial partner took responsibility for coordinating and developing 
concrete real-time standard operating procedures. To date, the goal of the ‘young 
stock’ key process (see Figure 2) has been to improve awareness of the growth and 
health status of young cattle from birth to first calving, with specific attention to 
individual feeding of young calves. The second key process focuses on reproduction 
(see Figure 2). Supporting decision-making with regard to insemination, including 
economic principles and early warning of calving moment, were the issues addressed 
when creating standard operating procedures. The third key process concentrated on 
the transition period between drying off and the first couple of months in the new 
lactation. Standard operating procedures should focus on feeding of individuals and 
on the detection of aberrations in the production process.

Partners
Project partners with various backgrounds collaborated on the project. In general, it 
is clear that we have a short dairy chain with multinationals from breed (CRV), feed 
(Agrifirm), and food (Friesland Campina). Their main role was to coordinate the 
project and to bring business value creation into the project. The innovative group of 
seven farmers involved were responsible for the farmers network, together with the 
partner AcconAVM. In the area of sensor technology and data infrastructure, SME 
companies of different sizes, such as Rovecom, Lely, Gallagher, S&S Systems and 
Sentron, were partners in the project. They developed and improved their product 
in such a way that it could be implemented at the innovative farms and could be 
connected to the InfoBroker infrastructure. The group of knowledge partners 
consisted of Wageningen UR Livestock Research, University of Utrecht, TNO and 
Van Hall University of Applied Science, covering fundamental to applied sciences. 
The knowledge institutes focused on model development, testing, validation and 
knowledge transfer (e.g. a training course on “How to become a Smart Dairy 
Farmer”) and on concepts of precision livestock farming and the InfoBroker.
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Results and discussion

The results will be presented at a high level of abstraction. The main result is that 
the proof of concept of Smart Dairy Farming has been successfully implemented. 
Figure 3 presents it schematically, but the circle from fitting sensors from different 
companies to cows on seven farms, using the InfoBroker, developing models and 
implementing them in real time on seven innovative farms to deliver standard 
operating procedures for the key processes identified has worked. 
Based on the end report of the project (Wulfse, 2015) the following results were 
among those obtained during the project. 

•	 Data from sensors fitted to a cow must be connected to the unique life number 
of the cow in such a way that data become cow- and farm-centric instead of 
machine- or sensor-centric

•	 Sensors are very useful for measuring walking behaviour, eating and drinking. 
In the project, sensors for calf and cow weighing, rumen pH, cow location, and 
cell counting in milk were improved and new sensing principles were tested for 
drinking behaviour. Existing sensors from milking parlours/robots and activity 
sensors were also used. 

Figure 3: Schematic representation of the route from sensors to real time standard 
operating procedures (source: TNO). 
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•	 At least nine standard operating procedures were developed, tested and 
implemented for the three key processes. The farmers thought that these work 
instructions improved their management, but also that they needed improvement 
in order to be commercially attractive. 

•	 The experience was that sensors detected small deviations in cow performance 
faster and more consistently than farmers. This was particularly relevant to 
young cattle, as farmers can now really see growth and its relationship with feed/
water/milk intake. Normally less attention is paid to this group. 

•	 Farmers were involved in the experiment as key users, but their advisors also took 
part in the discussions. They could also see that these cow data were relevant and 
that they might also benefit from these data as they would enable them to give 
more adequate advice. They saw that their role was changing from an operational 
level to a more tactical level. 

•	 The chain partners which were responsible for the three development lines were 
convinced that they would continue product and service development in the 
coming years. 

•	 The overall goal of extending the lifespan of cows worked quite well. This was 
also reflected in the economic business value and in the creation of the ‘How to 
become a Smart Dairy Farmer’ training course. As part of this training course, 
a specific lifespan matrix was developed to analyse strong and weak points at 
farm level. It also supported the creation of a farm-specific development plan to 
integrate sensor, model and advisor support. 

•	 The Ijkdijk concept was successfully implemented to exchange ‘real time’ 
cow sensor data and is now used as InfoBroker. It will result in the creation 
of an independent foundation with farmers and partners in the SDF chain as 
stakeholders. Implementation of the InfoBroker stimulated discussion about 
ownership, security, transparency and open innovation. No final conclusion on 
this has been reached as discussions are ongoing. The InfoBroker concept will 
be further developed in the coming years.  

•	 The innovation process for developing models and testing and implementing them 
on farms is time-consuming. Our experience is that data are not always available 
and that there is sometimes a need for improvements in quality. Furthermore, 
the models developed are still ‘simple’ in character in the sense that multivariate 
time series analysis can improve sensitivity and specificity drastically. In this 
area there is a difference in expectation between innovative farmers and model 
developers. It is often the case that farmers see something and then expect that 
other things should also be possible, without understanding the effort involved 
in development and testing. 
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Figure 4: Example of community building using the InfoBroker concept. 

•	 When applying the InfoBroker concept, there is a separation between sensor 
development and model development. This uncoupling is interesting as it opens 
up opportunities for new, specialised partners, allowing new products and services 
to be developed faster. Over the coming years we will investigate whether the 
InfoBroker concept will also support this development and contribute to more 
value creation in the dairy sector. Figure 4 shows an example of a community of 
this nature. 

The concept of Precision Livestock Farming has been successfully demonstrated 
in the Netherlands and has helped to raise awareness of the potential of data-driven 
farm management support that takes care of individual cows.

Conclusions

The overall conclusion from this project is that it was essential to work in a 
multidisciplinary team (chain of partners-farmers-industry-knowledge partners) 
with one goal of extending lifespan, focusing on no more than three key processes 
(young stock, transition and reproduction) in order to experience the value of the 
concepts of Precision Livestock Farming and data exchange using the InfoBroker. 



Precision Livestock Farming ‘15650

The whole project can therefore be characterised as a social or system innovation 
that needs time. It has paved the way for the coming years during which participation 
by more famers and companies is expected. 
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Abstract

The use of a sensor system (pedometers, activity-meters, etc.) for detecting estrus 
of dairy cows is increasing rapidly in Europe. Many studies have evaluated these 
sensors ability to detect estrus, but there is a lack of information on their economic 
and sociological impacts on dairy farms.
The objective of this study was first to assess the technical and economic 
consequences of an investment in an automated estrus detection system at the 
farm level. A dynamic stochastic simulation model was used to simulate all the 
physiological and management processes occurring in a dairy farm. Scenarios 
varied in terms of estrus detection rate and farm characteristics (herd size and milk 
production level). For a herd of 125 cows, the average increase of the annual profit 
(excluding labour time) was €2007 when estrus detection rate increased from 50 
to 80% (leading to a decrease of the calving interval from 433 to 412 days). This 
amount was equivalent to the annual cost of the equipment (€2100). In smaller 
herds (35 or 65 cows), simulations showed slightly negative profit investments 
(from -€800 to -€1600 per year).
The adoption consequences on the farmer’s work were also evaluated. Qualitative 
interviews were conducted on 20 farms equipped with automated estrus detection 
sensors. Farmers were questioned on their motivation to invest in an automated estrus 
detection system, their estrus detection practices with the sensors and the impact of the 
system on labour time and quality of life. Two-thirds of the farmers invested mostly 
to improve reproductive performances and 1/3 to improve labour time and quality 
of life. Eighteen out of 20 farmers maintained visual estrus detection (occasionally 
or frequently) in supplement of the alerts. Concerning labour, positive impacts were 
mentioned by 17 farmers on the reduction in stress caused by AI decision making, by 
9 of them on the reduced labour time and the improved relationships with colleagues 
(because of decision making facilitation), and by 6 of them on increased schedule 
flexibility.
This first analysis in a French context points out that the economic relevance of 
automated estrus detection systems is obtained only in large herds with low estrus 
detection rates and provides information on the farmers’ motivations for adoption.

Keywords: estrus detection, work comfort, economics, dairy cows
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Introduction

The reproductive management in dairy cattle herds is based on the detection by the 
farmer of estrus behavior in order to implement the artificial insemination of the 
cow. This detection is made difficult by the discrete behavioural changes associated 
with estrus in Holstein cows and high producing dairy cows (Disenhaus et al, 2010; 
Roelofs et al, 2010). In addition, the time that the farmers devote to estrus detection 
tends to decrease as the herd size increases (Ponsart et al, 2010). In this context, the 
use of a sensor system (pedometers, activity-meters, 3D-accelerometers) for detecting 
estrus of cows is increasing rapidly in Europe, with usually better performances than 
farmers’ ones (see the reviews; Saint-Dizier & Chastant-Maillard, 2012 &Rutten et 
al, 2013). 
Many studies have evaluated these sensors ability to detect estrus, but there is still 
a need for information on their economic relevance. This lack of demonstration of 
a positive cost/benefit ratio of the investment is one of the main explanations for 
slow adoption rates of precision dairy farming technologies (Bewley & Russel, 
2010). Indeed, the economic consequences of poor reproductive performances are 
high in dairy farms (Fourichon et al, 2001; Inchaisri et al, 2010). The improvement 
in estrus detection contributes to shorten the calving intervals and consequently to 
decrease the economic impact (Seegers et al, 2006). Some studies have investigated 
whether the gains due to improved reproductive performances exceed the cost of 
the sensor system (Østergaard et al, 2005; De Vries, 2013; Dolecheck et al, 2013; 
Rutten et al, 2014).The response is mainly positive but it depends on the technology 
employed (various performances and costs), on the prices context and on the farms 
characteristics in terms of herd size and of estrus detection rate by the farmer alone. 
However, none of these estimations were done in herds with less than 100 cows. 
The estimation of the economic relevance in the current French context, where the 
average herd size is 50 cows, was needed.
Furthermore, most of the studies neglect the sociological impacts of precision dairy 
farming technologies like automated estrus detection systems, mostly because they 
are difficult to assess. These impacts are related to labour time, labour organisation 
and quality of life (Rodenburg et Lang, 2010). However, sociological factors are 
essential for investment decision making in precision dairy farming technologies. 
Indeed, some technologies may not prove to be profitable, but investment may still 
be worthwhile because of improvements in quality of life (Dolecheck & Bewley, 
2013).
The objectives of this study were to assess in the French context (1) the technical and 
economic consequences of an investment in an automated estrus detection system at 
the farm level; (2) the implications on the farmer’s work. 

Material and Methods

Technical and economic assessment
The individual-based mechanistic model was used to simulate all the physiological 
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events occurring on each female (calf, heifer and cow) and all the management 
processes occurring in a dairy farm with a time step of one day. The model is 
stochastic; consequently, different runs of the model will result in variable outcomes; 
the results shown are the mean of 250 runs. Each animal is defined by a set of state 
variables, which may change throughout the simulation (age, milk production, 
reproduction, health, etc.). Herd-level state variables are also defined by cumulating 
the individual simulated events and performances. 
Postpartum ovarian activity of cows starts after a minimum interval after calving. 
For each cow, the estrus occurs according to the distribution of interval between 
calving and first estrus (a truncated gamma distribution) or of interval between 
estrus (a normal distribution). Estrus is detected according to a detection sensitivity 
rate, that is to say the ability of the detector to avoid false negatives situations. Two 
levels of estrus detection rate were compared: a 50% sensitivity (frequent values for 
farmers’ detection [Disenhaus et al, 2010; Roeldofs et al, 2010; Holman et al, 2011]) 
and a 80% sensitivity (maximum values for the 3D-accelerometers associated to 
farmers’ detection [Holman et al, 2011; Rutten et al, 2013; Chanvallon et al, 2014]). 
The positive predictive value of estrus detection was kept at an average level of 90% 
(90% of detections were true estrus detections. Then, decision to inseminate is based 
on reproductive strategy variables, the main was ‘no AI before 45 days postpartum’. 
The conception rate after AI of cow in estrus depends on the production level of the 
cow at this time. 
Scenarios varied in terms of herd size and milk production level, but the herds 
were all characterized by all year round calving with a 5 months grazing period. 
Consequently, the number of individual automated sensors needed was estimated to 
40% of the number of lactating cows (Table1). 

Table 1: Characteristics of the herds used for the implementation of the simulation 
model and needs for individual sensor equipment

Herd code 35H 65H 65L 125H
Herd size (N° of cows) 35 65 65 125
Production level High1 High Low2 High
N° of individual equipment 14 26 26 50

1 Annual milk production per cow near 10,700 kg
2 Annual milk production per cow near 8,200 kg

The purchase cost of the equipment was based on experts’ information: €100 /sensor, 
€3000 for a system for data transmission (including the software), €500 for annual 
maintenance. Based on commercial arguments, we considered that the technology 
was paid off in 5 years. Pricing and costs parameters were set at year 2013 values 
for western France. The main utility criterion was the annual profit, that is to say 
incomes minus expenses (excluding the labour costs).
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Sociological assessment
Qualitative interviews were conducted on 20 farms from western France 
(Bretagne and Pays de Loire) equipped with automated estrus detection sensors 
for 2 to 4 years. Qualitative interviews were based on semi directed interviews 
with the farmers. The objective was to assess the different point of views on 
their motivation to invest in an automated estrus detection system, their estrus 
detection practices before and after investing in the sensors and the impact of the 
sensors on labour time, organization and quality of life. The farms were chosen 
regarding their type of equipment and the herd size (Table 2) to be representative 
of the diversity of the French context. The interviews were then summarized in 
an analytic grid and analyzed (Kling-Eveillard et al, 2012).

Table 2: Farm sample used for the interviews

  Standalone system
(ex: Heatime®, HeatPhone®)

Integrated system 1 

(ex: Lely, DeLaval)

Herd size
(number 
of cows)

N ≤ 50 2 0
51 ≤ N <70 7 4

N ≥ 70 4 3
1 Sensors included in a global offer, often with an automatic milking system.

Results and discussion

Technical and economic assessment
The improvement of the estrus detection rate from 50 to 80% allowed by the 
automated sensor system shortened both the interval calving - first AI (104 to 
90 days in the 125H herd) and the calving interval (433 to 412 days in the 125H 
herd) even if the conception rate at first AI decreased slightly (33.7 to 31.8% in 
the 125H herd).
For a herd of 125 cows, the average increase of the annual profit (excluding labour 
time) was €2007 when estrus detection rate increased from 50 to 80% (leading 
to a decrease of the calving interval from 433 to 412 days). This amount was 
comparable to the annual cost of the equipment (€2100). In smaller herds (35 or 
65 cows), simulations showed slightly negative profit investments (from - €800 
to - €1600 per year). In the herd with lower production level, the investment was 
less profitable. 
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Table 3: Technical and economic impact of an investment in an automated estrus 
detection system (considering that the sensibility of estrus detection increases 
from 50% to 80%) in herds differing in terms of herd size and production level. 
The results are expressed relatively to the situation before investment.

Herd code 35H 65H 65L 125H
Technical consequences
Interval calving-first AI (days) -13.8 -14.4 -13.9 -13.9
Conception rate at 1st AI (%) -2.2 -2.0 -2.4 -1.9
Calving interval (days) -19.4 -22.4 -17.4 -21.1
Economic consequences
Variation of annual farm income (€)
Milk 242 1714 1097 3291
Culled cows 401 879 414 1784
Calves 37 400 63 335
Variation of annual farm expenses (€)
Automated sensor system 1380 1620 1620 2100
AI 198 315 248 647
Treatments for reproductive disorders -34 -40 -117 -146
Concentrates (cow /heifer) 670 1730 943 2707
Other costs for cows 5 32 46 24
Other costs for calves & heifers 54 93 84 171
Variation of annual profit (€) -1593 -757 -1250 -93
% of total annual farm profit -1.4 -0.4 -0.8 -0.0

1 Annual milk production per cow between 10,000 and 11,000 kg
2 Annual milk production per cow between 7,500 and 8,000 kg

The comparison of our results with previous estimations is made difficult by the 
variability of the assumptions made and of the costs included. For example, the 
effect of the shorter interval calving - first AI on fertility was neglected by Dolecheck 
et al (2013) and Rutten et al (2014). Furthermore, Rutten et al (2014) considered that 
labour time was saved with the use of an automated estrus detection system but, our 
results (see below) show that the labour time is not clearly modified. Our results are 
clearly less optimistic than previous estimations in large herds: the improvement 
of the estrus detection rate needed to have a positive annual profit was at least 30% 
whereas it was 12 to 21% (Dolecheck et al, 2013), 15% (Rutten et al, 2014) or 
20% (Østergaard et al, 2005). One possible explanation is that we considered that 
the automated estrus detection system was paid off in 5 years whereas Rutten et al 
(2014) calculated that the investment was paid back in 8 years. So, the duration these 
sensors can be used, from a technical point of view, need to be known more precisely. 
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In small herds, the technical effects of the estrus detection sensors are similar to 
those of large herds, but the cost of the heat detection system is higher. Indeed, if the 
cost of the sensors per cow is the same, the costs of the software, data transmission 
system, and the phone subscription are relatively higher for small herds.
However, even if the annual profit is slightly negative, French farmers often invest in 
an automated estrus detection system, perhaps because of non financial advantages.

Sociological assessment
Before investing in estrus detection sensors, 19 farmers out of 20 used only visual 
detection. One farmer was equipped with the Kamar® system to detect mounting 
activities. Visual estrus detection practices were very different between farms. 
The farmer could not assess the daily observation duration because it was always 
included in another activity (feeding, cleaning, milking, etc) but the number of 
observation periods was evaluated. Twelve farmers had defined systematic daily 
observation periods (from 1 to 3), not specific to estrus detection, but at the same 
time than another activity. The other eight farmers had no systematic periods and did 
it randomly.
The main reasons to invest in estrus detections sensors were: to improve estrus 
detection or reproductive performances for 13 of the farmers, to save time or because 
they had not enough time for 5 of them or to improve the quality of life/labour 
organization for 2 of them. These results are consistent with surveys made in recent 
studies (Neves and Leblanc, 2015; Steeneveld and Hoogeveen, 2015).
After investing, 2 farmers totally delegated estrus detection to the sensors with 
no observation and 18 of them maintained visual estrus detection (occasionally or 
frequently) in supplement of the alerts. Amongst these 18, three of them checked 
consistently the sensors alerts by visual observations, 9 of them checked occasionally 
and 6 of them never checked the alerts.
The effects of estrus detection systems on labour and mental workload are presented 
in figure 1. Almost half of the farmers considered that they saved labour time. The 
effects on labour organisation (work distribution, schedule flexibility, absence 
management) were moderate with a majority of insignificant impacts. Almost 
half of the farmers noticed improvements in the relationships with their associates 
or employees, especially because they had an objective information in case of 
disagreements or skills gaps for estrus detection. The main impact was clearly on 
decision making. Indeed, 17 of the farmers mentioned that the estrus detection 
sensors help them to reinforce their decision to inseminate or not a given cow and 
therefore reduce the stress caused by the decision making process.

Figure 2 shows the satisfaction of the farmers regarding their equipment for estrus 
detection. A high majority of them was satisfied of the easiness of use, of the dealer 
support and the after sale service. They were also generally satisfied with the 
detection performances and the robustness of the sensors. Regarding the impacts on 
reproduction performances and the economic impact, the farmers where moderately 
satisfied while it was the two main reasons for investing.
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Figure 1: impacts of an automated estrus detection system on labour and mental 
workload

Figure 2: farmers’ satisfaction regarding their equipment

The small number of farmers interviewed limits naturally the lessons that we can learn 
from this first study. However, it gives interesting  insights for further investigations. 
We observed that the farmers’ motivations to invest in estrus detections sensors and 
the impacts on labour time and quality of life were closely related to their estrus 
detection practices before and after investment and from the farm features. Firstly, 
regarding investment motivations, the 13 farmers who invested to improve estrus 
detection or reproduction performances used more frequently sexed semen (6/13 vs. 
1/7 for farmers who invested to improve labour and quality of life). Considering the 
price of sexed semen, they were looking for a tool to reduce false positive alerts. They 
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also had less specific observation periods (8/13 had only 1 daily observation period 
or less vs. 2/7 for other farmers) so probably worse estrus detection performances 
before investing. Secondly, regarding the impacts of automated estrus detection 
systems on labour time, the 9 farmers who estimated to save time spent generally 
more time in estrus detection before investing: they had less workforce (62 cows/
farmer vs. 41/farmer for other farmers) and more observation periods (6/9 had 2 or 3 
daily observation periods as it is usually advised [Firk et al, 2002] vs. only 4/11 for 
other farmers). They also had less time consuming practical use of automated estrus 
detection systems: the equipment rate was higher (8/9 had more than 40% of the cows 
equipped with sensors, limiting the labour necessary to change the collars from one 
cow to another vs. 6/11 for other farmers) and they were less frequently checking the 
sensors’ alerts by visual observations (5/9 never checked vs. 3/11 for other farmers). 
Finally, the main impact of automated estrus detection systems mentioned by the 
farmers (17/20) was the possibility to be reinsured by the alerts for the AI decision 
making. This was completely consistent with their practices as 18 farmers continued 
visual detection to complement the alerts.

Conclusions

This first analysis in a French context points out that the economic relevance of 
automated estrus detection systems is obtained only in large herds with low estrus 
detection rates and provides the first information on sociological impacts of an 
automated estrus detection system. In our case, we observed that the farmers’ 
motivations to invest, the impacts on labour time and on quality of life were closely 
dependent from their estrus detection practices before and after investment. This 
study will be further investigated.
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Abstract

Frequent monitoring of animal body growth allows early recognition of health 
anomalies, and accordingly can reduce occurrence of problems connected to 
infertility or other diseases. 
Optical techniques have been proposed in the last decade as a fast non-contact 
approach for animal body analysis, allowing reduction of stress typically induced 
by manual measurements and at the same time execution of fast multi-parameters 
analysis.
The aim of this study is to validate a new automated measuring system, suitable 
for continuous three-dimensional reconstruction of calves and cows body, for 
development monitoring. The new system is based on the Microsoft Kinect™ 
RGB-depth camera. The Microsoft Kinect™ is already raising significant interest 
and growing attention in agriculture and livestock applications for its high quality 
and low cost. Indeed, the sensor takes advantage of an infrared laser emitter, 
an infrared camera and an RGB camera to provide fast reconstruction of three-
dimensional bodies. In the paper it is shown how 3D data set can be successfully 
implemented for fast extraction and monitoring of different body parameters, such 
as hip and withers height, hips distance, head size, chest girth, etc. 
An hypothetical combination of body analysis with automatic feeding or milking 
phases not only offers information about animal health and welfare indicators, but 
can also offer a feedback response for optimization of the same phases.

Keywords: dairy calf, body measurement, calf growth, low-cost sensor, 3-D 
sensor.

Introduction 

The possibility of frequently monitoring animals body condition in a quantitative 
way is of help in order to allow early recognition of health anomalies and 
accordingly reduce occurrence of problems connected to infertility, lameness or 
other diseases (Van Hertem et al., 2013; Viazzi et al., 2013). 
In the case of young cattles, the first months are fundamental since animal growth 
can be reduced by occurrence of different diseases or other stressing factors such 
as dehorning (Windeyer et al., 2014). Similarly in the case of young and adult 
cows, the measurement of body condition and development is relevant in order to 
monitor their welfare, and thus keep high productivity levels.
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In the last fifty years, live body weight by means of traditional or electronic 
scales has been the most straightforward way to measure individual animals body 
development. However very often such kind of measurement is not an adequate 
indicator of animal welfare. On the other hand, high levels of stress can be induced 
by manual measurements, especially in the case of younger animals (Grandin, 
1997). Additionally, such techniques are time consuming and cause relevant costs 
and often injuries to dairy farmers. As a consequence visual inspections are often 
preferred and biometric analysis are made only in the case of visibly suffering 
animals, when preventive actions are not possible and curative interventions are 
costing and less effective. 
An alternative approach overcoming limitations connected with manual direct 
measurements is with the adoption of optical based techniques. Many researches 
discuss implementation of vision based technologies in order to automatically 
detect lameness problems (Van Hertem et al., 2013), evaluate back posture in dairy 
cows (Viazzi et al., 2013) and measure body parameters in general (Song et al., 
2014). 
Such systems are typically based either on three-dimensional reconstructions 
achieved by means of two-dimensional sensors or on truly three-dimensional 
instruments. In the first case, often referred as photogrammetry stereo techniques, 
multiple 2D images are taken by means of CCD or CMOS cameras and 3D 
models are created implementing specific algorithms and fast processors which 
allow extraction of depth information. Such approach has the merit to minimize 
instrumentation costs, but on the other hand robust algorithms and accurate 
calibration procedures are needed.  
In the second case instruments take advantage of different technologies, such as 
triangulation or time of flight, in order to allow direct collection of 3D point clouds. 
The advantages of such approaches are typically related to high resolution even 
with large measuring ranges and ease of use, but on the other hand relatively high 
investments are often needed, while harsh environmental conditions (in terms of 
temperature or dust) can reduce sensors life.  
In the present paper, a suitable low cost sensor based on 3D depth camera technology 
is proposed for fast reconstruction and characterization of animal body, discussing 
possibilities and limitation on precision livestock applications.

Material and Methods 

Kinect sensor
For the present work depth sensing cameras technology is implemented. This is not 
a new invention, but in the last years it has gained great interest and wide diffusion 
in particular thanks to recent introduction in the video games industries. Hence 
this technology has quickly reached a mature level, and at present high resolution 
low-cost depth cameras are available on the market. 
Specifically, a Microsoft Kinect™ RGB-depth camera has been here implemented 
(Zhang, 2012). Such sensor has sold several tens of millions units worldwide since 
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its launch in 2010, and thanks to its high quality three-dimensional imaging is now 
raising a growing interest in many applications including agriculture (Marinello et 
al., 2013) or livestock sectors (Konsgro, 2014).
The Kinect sensor is based on coordinate functioning of an infrared laser emitter 
with an infrared camera and an RGB camera. Three-dimensional reconstruction is 
achieved through a triangulation process: a diffraction grating splits the infrared 
laser into a given pattern which is projected onto the scene. The infrared camera 
than collect the pattern and compare it with the projected one: local shifts are 
put together to generate a disparity map, where larger shift values correspond 
to positions further from the sensor and, conversely, lower values correspond to 
positions closer to the sensor. 
The sensor is priced less that 100 € and a new version allowing a higher resolution 
has been released in 2014. From the experience of the author a set of three-four 
sensors can be mounted and cabled for less than 1.000 €. A picture of the sensor 
is reported in Figure 1.

Figure 1: Actual (a) and schematic view (b) of the Kinect sensor

System calibration
In this work, the Kinect sensor is proposed for three-dimensional reconstruction 
of animal body. In order to allow a successful completion of this objective, 
exploitation of quantitative measurements is needed. However it has been shown 
that the output of the sensor is not linear (Marinello et al., 2013): as a consequence 
specific calibration procedures have to be carried out. 
To this end, a substitution method was implemented: a set of references surfaces 
featuring hemispherical elements and resembling cow body portion geometry was 
produced and measured. Therefore, hemispheres with radii ranging between 50 
and 125 mm and between 150 and 250 mm were implemented for the calibration of 
the head sensor and of the body sensor respectively. In both cases, the Kinect was 
tested at different distances ranging between 400 and 2000 mm from the reference 
surface (i.e. the plane where the hemispheres lie), to allow calibration at different 
scanning conditions. A summary of the mail sensor performance parameters at 
different distances from animal body is reported in Table 1. 
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Table 1: Sensor scanning performance

Distance 
[mm] Lateral range [mm] Lateral resolution 

[mm]
Vertical resolution 

[mm]
400 415×310 0.65×0.65 0.7
1000 730×550 1.14×1.14 2
2000 1250×950 1.95×1.95 4

Sensors positioning
Young cattles as well as adult cows body have a complex 3D shape, mainly due 
to the presence of hidden parts and overlapping body portions. The measurement 
is made even more complex due to frequent animal movements, in particular with 
reference to head, legs and tail. For this reason acquisition of data from multiple 
positions can be of help for a more comprehensive body reconstruction. Several 
tests evidenced how an acceptable trade-off between number of measurements and 
completeness of the body points cloud is the one reported in Figure 2. Four different 
scans are therefore taken respectively laterally (two measurements respectively for 
the left side and right side) from the top and in a frontal position. 
It has to be noted that acquisition cannot be done simultaneously, since the projected 
infrared pattern from one sensor could be erroneously interpreted from the detector 
of a second sensor. However this is not limiting since the Kinect can work at a frame 
rate of about 30 Hz: as a result, a whole set of measurement can be done in less than 
0.2 seconds. 

Figure 2: Front view (on the left) and top view (on the right) of the animal, with 
relative positions of the 3D sensors. 
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Data acquisition
The system was implemented in order to allow fast extraction and monitoring of 
different body parameters of 20 animals, and in particular hip and withers height, 
back slope, hips distance, head size and chest girth. As a comparison, the same 
animals underwent a set of manual measurements for the same parameters. 
It should be noted that handling of rulers on animals caused a great amount of distress 
to the young calves, as well as to the adult cows and multiple measurements were 
needed in order to increase confidence on collected data. 
On the other hand 3D data from the Kinect sensor were post-processed by means 
of commercially available software (SPIPÔ), undergoing the following operations: 
1) calibration, to allow extraction of quantitative values
2) thresholding, to isolate body portions of interest
3) profile extraction, for estimation of body parameters. 
An example of profile extraction in the case of the head and of the chest girth is 
proposed in Figure 3 and Figure 4

Figure 3: Lateral and frontal sensor scan and representation of extracted parameters. 

Figure 4: Example of a portion of the animal back, as revealed by the top sensor (left) 
and extracted profile (right). 
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Results and Discussion 

The main results arising from comparison between measurement performed 
manually and those carried out taking advantage of the three-dimensional sensor 
are reported in the graphs of Figure 5 and Figure 6. 
In particular for what concerns the distance between the hips, it can be noticed 
that the three-dimensional analysis is in an acceptable agreement with the 
manual approach, as demonstrated by the linear regression coefficient close to 
one and the coefficient of determination R²=0.983. As can be noticed by the 
graph (Figure 4a) a good agreement can be expected in particular for adult cows 
where hip bones are clearly protruding. Conversely, in the case of young cattles, 
larger residuals can be evidenced due to a higher difficulty in identification of 
the exact hips positions.
A similar behaviour is found in the case of body length analysis, estimated as 
the distance between the hip bones and the withers. As for the hips distance, 
the measurement is more difficult in the case of young animals, where the bone 
structures is not clearly visible and localization of anatomical markers can be 
ambiguous. 

Figure 5: Comparison between (a) hips distance and (b) body length measurements 
between the hips and the withers. In the axis labels, M.M. and K.M. refer 
respectively to manual and Kinect measurement. 

Another parameter fundamental for the determination of body growth and for 
estimation of body weight is the height, in particular in correspondence of the 
hips and of the withers. However, performed tests evidenced some limits for its 
determination mainly due to a shadowing phenomenon which reduced very much 
the portion of floor collected by the top sensor. Additionally the Kinect sensor 
suffers of a non linearity distortion (Marinello et al., 2013), which affects in 
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particular measurements performed in large depths. The graph reported in Figure 
6 evidences how large residuals cause a drop of the coefficients of determination 
down to R²=0.671 for the hips and R²=0.767 for the withers. A further study will 
consider extraction of such parameters from the three-dimensional point clouds 
collected by the lateral sensors. 

Figure 6: Comparison between different body parameters: (a) hip and withers height, (b) 
chest girth, (c) head length and (d) head width. In the axis labels, M.M. and K.M. refer 
respectively to manual and Kinect measurement. 

The chest girth can be measured taking advantage of the combined analysis made by top 
and lateral sensors measurements. An acceptable agreement with the manual approach 
is demonstrated by the linear regression coefficient close to one and the coefficient of 
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determination R²=0.984 (Figure 6b). It should be noted that in this case four adult 
cows were not measured on the chest, due to the frequent movements of the animals 
and the danger associated with the operation.
Head measurement is less used for body growth monitoring, however it easy 
accessibility should be taken into account for models. The length and the width of the 
head was studied following both manual and 3D sensor analyses. In validation, the 
coefficient of determination was estimated to be R²> 0.98 in both cases (Figure 6c-d).

Conclusions 

In the present work, the Kinect sensor is studied and proposed as a low cost instrument 
for three-dimensional reconstruction of cow body and non-invasive extraction of 
body parameters. Hips distance, body length and height, chest girth and head size 
were analysed on 20 animals and compared with the same measurements carried out 
manually. The test evidenced acceptable degree of correlation for three-dimensional 
measurements taken on low depth surfaces, while higher degrees of deviations were 
evidenced in the case of animal height, due to the influence of non linear sensor 
distortions. The possibility of substituting manual with automatic 3D measurements 
can be important in order to collect information about animal health and welfare 
indicators, with no stress induced.
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Abstract

The aim of this paper is to present a ‘cradle-to-farm-gate’ Life Cycle Inventory (LCI) 
for the milk production from a commercial dairy cattle producing farm in Greece and 
to discuss its possible link to Precision Livestock Farming (PLF) approach. On-farm 
and off-farm use of resources (water, land and energy) and emissions to air, water 
and soil were taken into account. It was found that the enteric fermentation of cattle, 
the excretion and storage of manure and slurry application in ryegrass production 
are the most important on-farm contributing processes to the total methane, nitrous 
oxide and ammonia emissions. It is argued that the Life Cycle Assessment (LCA) 
and PLF approaches could be complementary in the effort to improve the quality of 
environmental impact assessment results.

Keywords: LCA, LCI, dairy cattle production, Greece

Introduction

Use of proper environmental impact assessment methods is of high significance 
in order to ensure the sustainability of the production process of a livestock 
product. The ISO standardised (e.g. (Finkbeiner et al., 2006)) life cycle assessment 
(LCA) methodology has been recognised as a valuable assessment method of the 
environmental impacts associated with the production of certain goods (van der Werf 
and Petit, 2002), as it takes into account all stages in the production chain. Regarding 
the livestock sector, the importance of LCA for its sustainability was recently accepted 
by all the involved international, private, and non-governmental organisations with 
the formation of Livestock Environmental Assessment and Performance (LEAP) 
Partnership, in 2012 under the coordination of FAO (FAO, 2015).
The LCA methodology has been applied in various research studies concerning 
livestock products for more than a decade. Important examples are the studies of 
Cederberg and Mattsson (2000), Basset-Mens and van der Werf (2005), Thomassen 
et al. (2008b) and O’Brien et al. (2012). LCA has been mostly used as a tool for 
environmental hot-spot identification in the life cycle of the livestock product of 
interest, as well as for comparison between production chains of the same or different 
products.
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Environmental impact assessment with LCA is system and location specific (Gerber 
et al., 2013). However, no published LCA studies for livestock products in Greece 
have been found in the international scientific literature. 
The objective of this paper is to present a ‘cradle-to-farm-gate’ Life Cycle Inventory 
(LCI) based on farm-specific data for a commercial dairy cattle producing farm 
in the region of Thessaly (Greece). The compilation of the LCI is the most 
demanding stage in order to complete the LCA study for the milk production from 
this specific farm. Moreover, the paper aims to start a discussion on how Precision 
Livestock Farming (PLF) technologies could be used in combination with the LCA 
methodology in an effort to improve the environmental performance of a livestock 
product.

Materials and Methods

LCA methodology

In the LCI compilation stage, the inputs (materials) and outputs (emissions to air, 
water and soil) for every process in the system are quantified. The term ‘cradle-
to-farm-gate’ refers to the system boundaries and implies that every process in the 
milk production chain until the export of raw milk from the farm as a ready-to-be-
sold product is included in the inventory (e.g. de Boer (2003).

Two sub-systems are always included in such an analysis: the foreground and the 
background system. In this case, the foreground system includes the storage of 
feed ingredients in the farm, the animal rearing and breeding processes, the own-
production process of ryegrass (silage and hay) and the management of the manure 
excreted by the animals. The background system includes the production of the 
diesel and electricity consumed in the farm, the production processes for all the 
feed ingredients imported by the farm as well as all transport processes. As in 
previous studies (e.g. Cederberg and Mattsson (2000), Thomassen et al. (2008b) 
etc.), the life cycles of buildings and machinery (construction and use), medicines 
and cleaning agents are not included in the analysis due to lack of data. Figure 
1 illustrates a simplified flow chart of the cradle-to-farm-gate milk production 
system of interest. It shows that there are three basic outflows (co-products) from 
the dairy farm system i.e. raw milk, animal live-weight and manure. Raw milk 
is the basic product and this is the reason why the reference flow is chosen to be 
defined according to a functional unit representing the milk production function of 
the system. 

The reference flow as proposed by the International Dairy Federation (IDF, 2010) 
will be used, i.e. 1 kg of Fat and Protein Corrected Milk (FPCM) at the farm 
gate. The attributional modelling approach is used for compiling the LCI of the 
system, according to which the environmental performance is evaluated in a status 
quo situation (e.g. Thomassen et al. (2008a)). Economic allocation is the approach 
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that is used for solving the multifunctionality issues at every relevant stage in 
the production chain. Multifunctionality issues exist in the following processes: 
production of soybean meal, production of wheat straw and the animal production 
process. The allocation criteria used were: a) the avg. world market prices of the co-
products of soybean oil extraction for the year 2012 (58.6% attributed to soybean 
meal), b) the avg. market prices of wheat production co-products in Greece in the 
year 2012 (22.3% to wheat straw) and c) the avg. price that the farm of interest 
sold the produced raw-milk as well as the animal live-weight (95.6% to raw milk 
and 2.9% to sold cows). The outflow of manure is not considered as a function as 
it didn’t offer any income to the farmer.

Life Cycle Inventory Compilation: Primary data collection was based in 
personal communication with the farm owner, by visiting the farm and by using a 
specifically formed questionnaire. The commercial dairy cattle producing unit is 
located close to the 

Figure 1: Simplified flowchart of the system.
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city of Larissa. The time frame used is the milk production for the year 2013 (January 
1st – December 31st). Some important technical parameters, the major inflows and 
outflows are presented in Table 1. Concerning the manure management system of the 

Table 1: Technical parameters, major inflows and outflows for the dairy farm system 
in the year 2013.

Characteristic Value Unit
Technical
Size of arable irrigated land 3.5 ha
Milk production 925 t/year
Milking cows, average 105 #
Ryegrass silage, yield 25 t DM/year
Ryegrass hay, yield 10 t DM/year
Inflows
Alfalfa hay 62.5 t/year
Alfalfa silage 76.9 t/year
Maize grain 176.7 t/year
Maize silage 1390.8 t/year
Soybean meal 149.8 t/year
Wheat straw 100.9 t/year
Diesel 18.7 t/year
Electricity 123537 kWh/year
Outflows
Milk sold 910 t/year
Cows sold 25 #
Calves sold 45 #

farm, manure is collected in slurry form and on a daily basis from the housing system 
by using scrapers. The manure is stored in a slurry tank which is emptied by the 
farmer every 5 days. On an annual basis, part of the total manure quantity is used 
for fertilising the farm’s ryegrass cultivation (spreading rate: 83.3 m3/ha). The rest is 
transported to other crop cultivation fields located in close distance to the farm and 
spread again for fertilisation purposes.
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As far as the background system’s processes are concerned, data on in- and outflows 
was based on the already relevant and existing LCI databases that are available in the 
software package SimaPro, v. 8.0.4.26 PhD (PRé-Consultants, 2014). The databases 
that were mainly used are the Ecoinvent 3 database (Ecoinvent, 2015) and the Agri-
footprint database (Blonk-Consultants, 2015). For the crop cultivation processes (i.e. 
alfalfa hay and silage, ryegrass seed, maize grain and silage and wheat) it was assumed 
that the practices applied in Greece are similar to those presented in the databases. 
Small adjustments to Greek conditions were done when needed. Moreover, it was 
assumed that all soybean meal was produced in Greece from soybeans imported 
from Brazil, USA and Argentina with each country contributing an equal amount to 
the total import. Diesel was assumed to be refined in a refinery in Thessaloniki and 
then sold to the farm by a specific gas station in Larissa. The farm uses electricity on 
the low voltage level and the Greek electricity consumption mix from the ecoinvent 
database was used for the electricity input. With respect to the transport processes, 
the approach developed by Vellinga et al. (2013) was followed.

Table 2: The EF’s / models used for the calculation.of emissions to air and water at 
the farm level.

Pollutant Source Emission factor Units Reference 
Emissions to air  
CH4 Enteric 

18.45 365
100

55.65

mYDMI ⎛ ⎞⋅ ⋅ ⋅⎜ ⎟
⎝ ⎠  

kg CH4/(head*yr) IPCC (2006a) 

Manure handling 
(deposition, storage and 
field application) 

0365 0.67
100
MCFVS B MS⎛ ⎞⋅ ⋅ ⋅ ⋅ ⋅⎜ ⎟
⎝ ⎠

 
kg CH4/(head*yr) IPCC (2006a) 

Direct 
N2O 

Slurry storage 0.01 kg N2O-N/kg N 
stored 

EMEP/EEA 
(2013) 

Field application 0.01 kg N2O-N/kg N 
input 

IPCC (2006b) 

Indirect 
N2O 

Manure deposition, slurry 
storage 

0.01 (FracGas = 22.5%) kg N2O-N/kg N 
volatilised 

IPCC (2006a) 

Field application 0.01 (FracGas = 29.26%) 
 
0.0075 (FracLeach-(H) = 30%) 

kg N2O-N/kg N 
volatilised 
kg N2O-N/kg N 
leaching & runoff 

IPCC (2006b) 

NH3 Manure deposition 0.2 kg NH3-N/kg TAN 
excreted 

EMEP/EEA 
(2013) 

 Slurry storage 0.2 kg NH3-N/kg TAN 
stored 

EMEP/EEA 
(2013) 

 Field application 0.55 kg NH3-N/kg TAN 
applied 

EMEP/EEA 
(2013) 

Emissions to water  
NO3

- Leaching/runoff (field 
application) 

0.3 kg NO3
--N/kg N 

applied 
IPCC (2006b) 

P2O5 Leaching to groundwater 
(field application) gw gwl gwP P F= ⋅  kg P2O5-P/(ha*yr) Nemecek and 

Kägi (2007) 
 Runoff to surface water 

(field application) ro rol roP P F= ⋅  kg P2O5-P/(ha*yr) Nemecek and 
Kägi (2007) 

P Soil erosion to surface 
water (field application) 

1000er er cs r erwP S P F F= ⋅ ⋅ ⋅ ⋅  kg P/(ha*yr) Nemecek and 
Kägi (2007) 
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Emission data at the farm level have to be developed. Almost for all emissions the 
following general concept was followed:

The emission factors (EF’s) / models used for the calculation of air and water 
emissions along with the references are presented in Table 2. 

Results and Discussion

The life cycle inventory analysis was performed by using the software SimaPro v. 
8.0.4.26 PhD (PRé-Consultants, 2014). Table 3 reports the total use of resources 
and some of the emissions corresponding to 1 kg FPCM sold from the farm, as 
well as the major contributing processes. 
Direct comparisons of the results in absolute values with results already existing 
in literature cannot be done due to differences in methodology (e.g. estimation 
of emissions, allocation principles, functional unit etc.). The results of e.g. 
Cederberg and Flysjö (2004) and Thomassen et al. (2008b) for non-renewable 
resource use, land occupation and emissions of GHG’s, acidification pollutants 
and eutrophication pollutants are in the same order of magnitude with the results 
of this study. Therefore, there is no reason to consider that the results of this 
study are inappropriate.
Link to PLF: Banhazi et al. (2012) argue that PLF technologies, if properly 
applied, have the potential to improve the environmental performance of farms. 
However, the processes at the farm level which have a significant effect on the 
environmental performance need to be indentified in order to design the proper 
PLF system (Banhazi et al., 2012). The LCA approach is able to offer this 
information as it provides the contribution percentage of each process at the 
farm level to the total emissions in the partial life cycle studied. In other words, 
LCA offers a quantification of the importance of each process at the farm level 
relative to the total emissions which characterise the environmental performance 
of a livestock product. In this case, the LCI analysis revealed that the enteric 
fermentation of cattle, the excretion and storage of manure and slurry application 
in ryegrass production are extremely important for total methane, nitrous oxide 
and ammonia emissions (Table 3).

Furthermore, in LCA there is an obvious disadvantage: the uncertainty of 
the LCI and consequently LCA results. The sources of uncertainty have been 
reported in a number of studies (e.g. Basset-Mens et al. (2009)). The models 
and the EF’s used for the estimation of emissions at the farm level (Table 2) 
comprise a source of uncertainty. The most obvious reason is that they were not 
developed specifically for the farm of interest; instead they are proposed for the 
development of national emission inventories. The use of continuous real-time 
measurement methods (1st condition of PLF approach (Berckmans (2004)) could 

Emission = activity data × Emission factor
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be implemented for a more accurate estimation of emissions (but also of their 
uncertainty) at the farm level as well as for the development of farm specific 
emission factors to be used with the methodologies in Table 2. Moreover, farm-
specific models connecting e.g. the methane emission from enteric fermentation 
with the feeding strategy could be developed with the obvious advantages of 
the prediction and control of enteric methane emissions from the adjustment of 
the different cattle rations (2nd and 3rd conditions of PLF approach (Berckmans, 
2004)). Thus, the PLF and LCA approaches could be used complementarily for 
a common goal: improved environmental impact assessment by ensuring the 
high quality (i.e. representativeness, completeness, precision/uncertainty and 
appropriateness) of the inventory results at the farm level and especially for the 
processes with major effect on emissions.

Nonetheless, there is an important factor hindering this achievement: in-situ, 
real-time, continuous measurement platforms for e.g. gas emissions that are 
economically attractive for farmers are missing and need to be designed (Hu 
et al., 2014). For example, enteric methane has been measured so far with the 
tracer-ratio technique and the animal chamber method (Hu et al., 2014). Both 
methods are considered expensive and Gas Chromatography (GC) is needed 
for the estimation of methane, meaning that a laboratory is required to get the 
measurement.
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Table 3: Total resource use and some emissions per kg FPCM sold from the farm and 
the major contributing processes.

Input / Output Value 
(per kg FPCM) Main contributors (% of the total)

Water use 0.69 m3
On-farm (1.1%)
Electricity (68%)
Domestic crop (feed ingredients)* (24.7%)

Land occupation 1.27 m2y
On-farm (3.7%)
Soybean meal (40%)
Domestic crop (feed ingredients)* (48.7%)

Energy use 6.7 MJ
On-farm (diesel use) (13.2%)
Electricity (31.9%)
Diesel (14.7%)

CO2 emission 
(air) 839.6 g

On-farm (diesel use) (7.3%)
Soybean meal (57.8%)
Electricity (16%)

CH4 emission 
(air) 35.4 g

On-farm cattle enteric fermentation (56.2%)
On-farm manure treatment (excretion, storage and 
land application) (39%)

N2O emission 
(air) 0.91 g

On-farm manure storage - direct (18.8%)
On-farm manure storage - indirect (8.1%)
On-farm land application - direct (3.7%)
On-farm land application - indirect (1.3%)
Domestic crop (feed ingredients)* (49.7%)

NH3 emission 
(air) 10 g

On-farm manure excretion (30.4%)
On-farm manure storage (26.1%)
On-farm land application (3.1%)
Domestic crop (feed ingredients)* (23.7%)

PM** (air) 0.76 g

On-farm (PM10 manure deposition) (16.9%)
On-farm (PM2.5 manure deposition) (11%)
On-farm (PM10 ryegrass production) (2.3%)
On-farm (PM2.5 ryegrass production) (0.1%)
On-farm (PM10 diesel use) (4.5%)
On-farm (PM2.5 diesel use) (4.5%)
Electricity (24.5%)
Soybean meal (16%)

NO3
- emission 

(water) 35.1 g
On-farm land application (3.3%)
Domestic crop (feed ingredients)* (65.9%)
Soybean meal (15.5%)

Total P 
(water) 0.62 g On-farm land application (25.1%)

Electricity (53.8%)

*Domestic crop production: Alfalfa hay, alfalfa silage, maize grain, maize silage and 
wheat straw
**PM: PM10 and PM2.5
***HM: Cd, Cu, Zn, Pb, Ni, Cr and Hg
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Conclusions

A cradle-to-farm gate LCI analysis was performed for the milk produced from a 
specific dairy farm in Greece. The assumptions and methodologies used for the 
LCI compilation were the best available given the fact that no country-specific 
methodologies have been developed till now. The results revealed that the enteric 
fermentation of cattle, the excretion and storage of manure and slurry application in 
ryegrass production were the most important contributing processes at the farm level 
to the total methane, nitrous oxide and ammonia emissions in this partial life-cycle 
of cow-milk. The connection between the LCA and PLF approaches was discussed 
and it was explained that the two approaches can be complementary in order to 
improve the quality of the environmental impact assessment results. However, 
research is needed in order to develop new low-cost, real-time, continuous and in 
situ measurement methods for achieving the abovementioned goal.
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Abstract

A well-planned waiting area is crucial for automatic milking systems. In an enclosed 
waiting area, cows of different rank compete to enter the milking station and are 
exposed to a variety of social interactions. Such interactions could increase standing 
time and delay milking, which may result in stress, lameness, impaired welfare and 
reduced performance. The aim was to monitor the waiting area in a free stall dairy by 
means of three video cameras in order to detect the occurrence of social interactions 
using improved image segmentation and tracking methods. The surveillance system 
observed 250 cows with free access to any of four milking stations during 24 hours 
over a period of two weeks. A two-step pattern recognition approach was used. In 
the first step geometric features (distances) were extracted from every pair of cows 
in every frame. These features form the input to the second step in which a cow 
behaviour classifier was developed. A support vector machine was used to create this 
classifier. The social interactions were identified based on collision of geometrical 
shapes segmented from the image and positively identified as cows by experienced 
observers. The results showed that the proposed system was capable of reasonably 
accurate detection of social interactions.

Keywords: object recognition, automatic milking, lameness, social interactions, 
computer vision

Introduction

The use of image analysis and computer vision is a promising technology in Precision 
Livestock Farming (PLF). A certain amount of research is conducted in this area to 
monitor a number of parameters relating to animal production, welfare and health. 
One of the main benefits of automatic surveillance systems based on computer vision 
techniques is continuous monitoring of the object without any direct interaction. It 
is also possible to store massive amounts of data without large investments. Image 
analysis can be used in animal production in a number of ways, e.g. automatic 
monitoring of locomotion (Miguel-Pacheco et al., 2014), oestrus detection (Tsai 
and Huang, 2014), interactions within sexually active groups (Sveberg et al., 2013), 
pig aggression (Oczak et al., 2013) and animal density in a poultry house (Kashiha 
et al., 2013). However, correlation between sensitivity and specificity of automatic 
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monitoring systems is still not satisfactory (Liberati and Zappavigna, 2009). The 
problems associated with identifying and differentiating individuals against mixed 
backgrounds with complex illumination that are encountered with the existing 
segmentation methods slow the development of feasible solutions for commercial 
farming. Therefore, new techniques for object tracing and recognition are needed 
(Van Hertem et al., 2013). 
The motivation of cows to enter an automatic milking system (AMS) is crucial and 
determines whether the AMS is efficient or not. Feed is the main motivator to visit 
the AMS (Prescott et al., 1998; Halachmi et al., 2000). However, the expectation of 
getting feed in the AMS creates competition in the waiting area before the AMS. 
This affects the social interactions and the timing and regularity of visits to the AMS 
(Melin et al., 2005; Melin et al., 2006). This situation is similar to the competition 
around an automatic concentrate feeder (Olofsson, 1999; Herlin and Frank, 2006). 
Thus, monitoring social behaviour and aggression in the waiting area are of interest 
both from an AMS efficiency perspective as well as for animal welfare. 

The aim of this exploratory study was to investigate whether algorithms for 
segmentation and object recognition from video data, used in a previous study on 
pigs (Nilsson et al., 2014), could be applied to a dairy barn environment and to 
further capture behavioural events. Automatic recording of behavioural events and 
analysis of video data saves a lot of labour and could, in the long run, be used to 
monitor animal behaviour and health. The present study is an intermediate step in 
the development of a fully automatic system for monitoring dairy cow behaviour and 
creates a database with the images needed to train the classifier and extend the range 
of parameters for monitoring purposes.

Material and methods

Animals, housing and study area

This study was conducted in a commercial free stall dairy barn in the south of 
Sweden. The 252 Swedish Holstein cows were divided in four performance groups. 
They were milked in four AMS (VMS®, DeLaval, Sweden) with pre-selection of 
cows for milking using a milk-first traffic system. The common waiting area (6x18 
metres) before entering any of the four AMS was used for the study. The waiting area 
was illuminated by three fluorescent lamps (180 lx each) 24 hours a day.

Development of video filming method and data acquisition 

Video recordings were made using three Axis M3006-V (Axis® Communications) 
cameras with a wide angle of 134 degrees and placed at a height of 3.6 metres to 
optimise the overview of the study area. However, as is shown, radial/barrel distortion 
(regions marked with red in Figure 1) made the transformation of image coordinates 
into real-world coordinates difficult.
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Figure 1. Image from the centrally placed camera showing barrel distortion of the 
study area.

Only one camera was used and radial/barrel distortion made the transformation of 
image coordinates into real-world coordinates difficult (Figure 1). To correct this 
problem a setup with three cameras was used in order to use normalising algorithms 
and obtain merged and synchronised pictures for the defined Region of Interest (ROI, 
marked in green in Figure 2). This ensured that all the objects in the ROI could be 
correctly identified by training algorithms or by an observer.

Figure 2. Merged image from all three cameras with normalising algorithm applied 
for distortion correction and the Region of Interest (ROI) marked in green.

In this study all video segments were recorded with a frame resolution of 800 x 600 
pixels and a framerate of 16 frames per second in order to achieve a balance between 
the size of the video file and the quality of the image. The videos were recorded 
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using H264 codec for compression. During the study period, 288 hours of video 
were recorded.

In this study the classical pinhole camera model was used for scene view 
reconstruction. The scene view was formed by projecting 3D world points onto the 
image plane by using the following transformation:

or

where:

•	 (X, Y, Z) are the coordinates of a 3D point in the world coordinate space
•	 (u, v) are the coordinates in pixels in the (undistorted) image where the 3D 

point is shown
•	 (A) is a camera matrix containing the camera parameters cx, cy, fx and fy
•	 (cx, cy) are the principal points that are usually at the centre of the image
•	 (fx, fy) are the focal lengths expressed in pixels
•	 R is a rotational matrix specifying the orientation of the camera
•	 t is a translation vector specifying the position of the camera

Data preparation and interaction detection

In order to assure a non-biased approach to the selection of video sequences with 
behaviours, we used a script randomising the choice of frames in these video 
sequences. This script randomly picked up a sequence of frames (total number of 
frames in the selected sequence, n=186, with an interval of 5 frames between every 
frame in this sequence, which equates to 77 seconds of real-time video) from the 
whole set of 288 hours of videos. The presence of social interactions in the sequence 
was confirmed by an experienced observer. 

Manual segmentation was used in order to obtain objective results and prepare 
images from the sequence for further analysis.. To increase the segmentation speed, 
an interactive segmentation tool for Matlab proposed by Gulshan et al. (2010) was 
used. This tool used a new state-of-the-art approach based on the improved geodesic 
star convexity method. The social interactions were identified based on alignment 
of geometrical shapes segmented from the image and positively identified as cows 
by experienced observers. In order to achieve careful identification of behaviours 
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by both observer and algorithm, seven “landmark points” were assigned to every 
segmented group of object pixels. One group of segmented object pixels with the 
segmentation index value was defined as a cow. 

The “landmark points” were as follows:
•	 Head 
•	 Right shoulder
•	 Root of the neck
•	 Left shoulder
•	 Right hip
•	 Root of the tail
•	 Left hip

The identification of social interactions was based on the ethogram adapted from 
Rousing and Wemelsfelder (2006). For this particular study and as an example of 
social interactions we used “Head Pressing”, defined as: one cow has her forehead 
pressed against the head, neck or body of another cow;

In each frame, each ordered pair of cows was the source of one potential interaction. 
Each pair of cows was investigated by our interaction detector, and the output of 
this detector was a probability that this particular pair of cows was performing a 
“Head Pressing” interaction. When the detector was certain that “Head Pressing” 
was occurring, this detection probability was close to 1. If the detector was certain 
that there was no interaction, it was close to 0, and when it was uncertain it was close 
to 0.5. In a scene with 6 cows, 30 ordered pairs would be investigated. This gave 30 
different probabilities:

These were combined into a single probability for the entire frame, creating the 
probability that any of the pairs was “Head Pressing”, which gave the detection 
probability for the frame:

                                                                                       

The detector was trained from the manually annotated data. In order to obtain 
unbiased results, this random set of frames was utilised to train and test the detector 
by using 20-fold cross-validation. The “Head Pressing” interaction consisted of cow 
A pressing its head against some part on cow B. The landmarks on cow B formed a 
polygon which approximately traced the outline of cow B (Figure 3). The distances 
from the “Head” and “Neck” landmarks of cow A to this polygon were used as 
features. A support vector machine was trained on those features and used as detector.
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Figure 3. Example of the identification model (polygons and landmark points).

Results and discussion

The results showing the accuracy of the detector for one set of behavioural events 
(Head Pressing) within the tested sequence of frames are presented in Figure 4.

Figure 4. Accuracy of the detector for the Head Pressing behaviour in a test fragment.
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The overall performance of the detector in its early stages, based on the results 
presented in Figure 4, was 79% when compared to the gold standard (interactions 
recorded by an experienced observer). These results showed that the first stage 
in the development of a fully automatic detector for social interactions in cattle 
had reliable accuracy and could be used to build a robust detection system 
which could operate in variable environments. However, more segmented data 
are needed to enhance the performance of the detector as its accuracy is highly 
dependent on the number of frames used for training and the number of different 
behaviours presented in the video data. The use of additional features and 
information obtained at pixel level could increase the overall performance of the 
proposed system.

Conclusions

A new approach for the detection of social interactions in dairy cattle was proposed 
and tested in this exploratory study. The first step in the development of a fully 
automatic learning-based framework for behaviour monitoring showed nearly 
80% sensitivity when compared to baseline levels confirmed by an experienced 
observer. Future work will aim to improve the existing detection algorithms 
and segmentation techniques in order to guarantee system performance under 
different conditions. 
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Abstract

Stress can negatively impact animal health and production, therefore to improve current 
management practices it is important to be able to measure stress in animals. Most 
methods for measuring stress in pigs are invasive (e.g. blood sampling) or require fitting 
animals with devices (e.g. heart rate monitors). These techniques can cause a stress 
response themselves and perturb the measurement of interest. Infrared thermography 
(IRT) has been validated as a non-invasive measure to detect pain and stress (e.g. fright, 
disbudding, and castration) in cattle. The objectives of this pilot study were to 1) investigate 
the potential for IRT as a non-invasive measure of stress in pigs and 2) compare the eye 
and snout as regions to provide the most sensitive measure of stress. Ten, 5-week-old, 
pigs received all three of the following treatments in a randomised cross-over design: 1) 
saline infusion (SAL), 2) epinephrine infusion (EPI) and 3) restraint (RES) for 2 minutes. 
Continuous IRT images of the eye and snout, heart rate (HR) and heart rate variability 
(HRV) were recorded 5 minutes prior and 10 minutes post-treatment. Eye temperature 
was lower in response to an infusion of EPI and RES than SAL, but only RES caused a 
change in snout temperature. Conversely, HR was higher in RES and EPI than SAL pigs. 
Temperature changes suggest that the eye may be a more sensitive area to assess stress 
than the snout. However, there were some methodological issues associated with taking 
IRT images of the eye including the small size of the eye and mobility of the pigs. IRT has 
potential for measuring stress in pigs non-invasively, however, further research needs to 
be undertaken to improve the methodology for collecting the images and correcting the 
data for environmental conditions. 

Keywords: eye temperature, infrared thermography, pigs, stress, heart rate variability

Introduction

Pig management practices on- and off-farm have the potential to cause stress and reduce 
the welfare of pigs. The prenatal environment (Rutherford et al., 2012), feed, housing 
(Pastorelli et al., 2012), weaning and transport (Sutherland et al., 2014) are examples 
of stressors that may compromise pig welfare. Poor welfare has a negative effect on 
animal health and meat quality, and increased demand for ‘welfare friendly’ products 
from consumers has put pressure on livestock industries to improve the welfare of pigs.
Measuring stress is a useful indicator in regards to animal welfare; however, most methods 
for measuring stress in pigs are invasive (e.g. blood sampling) or require fitting animals 
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with devices (e.g. heart rate monitors). Techniques such as blood sampling can cause a 
stress response themselves through handling, and perturb the measurement of interest. 
Also, systems that require animals to carry equipment could cause changes in physiology 
and behaviour (Stewart et al., 2005). In addition, it may not be possible to release animals 
carrying devices into their normal environment as it may disrupt normal behaviour (e.g. 
social behaviour) of the animals or the devices may be damaged by conspecifics. 
Infrared thermography (IRT) has been used as a non-invasive measure to detect stress in 
cattle (Stewart et al., 2007), horses (Bartolome et al., 2013), poultry (Moe et al., 2012), 
monkeys (Mitchell, 2013) and pigs (Mitchell, 2013). A change in blood flow during 
stress is sympathetically mediated, and can be detected using IRT on specific body areas 
such as the eye in cattle (Stewart et al., 2007) and horses (Bartolome et al 2013), comb 
in poultry (Moe et al., 2012), nasal region in rhesus monkeys (Mitchell, 2013), or vulva 
and teats in sows (Mitchell, 2013).
Recent studies have used IRT to detect disease (Cook et al., 2015) and stress (Magnani 
et al., 2011; Cordeiro et al., 2012) in piglets and stress in market weight pigs (Schaefer et 
al., 2002). However, little is known regarding the IRT response to acute stress in neonatal 
pigs. The objectives of this pilot study were to 1) investigate IRT as a non-invasive 
measure of acute stress in pigs under controlled conditions and 2) compare the sensitivity 
of the eye and snout regions for measuring stress. Furthermore, the IRT response to a 
physical/psychological (restraint) or pharmacological (epinephrine) induced stress were 
compared in this pilot study. 

Materials and methods

Animals and experimental design
Piglets used in this study were PIC USA genetics with a Camborough-22 sow line. At 
approximately 4 weeks of age, 10 pigs were moved into pens in the research building 
at the Texas Tech University New Deal research swine farm in Lubbock Texas. The 
temperature within the research building was maintained at 24 C. Individual pens were 
1.22 m2 with wire mesh flooring and contained one feeder and one nipple waterer. Pigs 
were individually penned, but could see, hear, and smell pigs in adjoining pens. All 
animals were fed a diet to meet or exceed NRC nutrient requirements (1998). Water was 
provided ad libitum. Pigs were given 5 days to acclimate to the new environment prior 
to the start of the experiment.
Twenty-four hours prior to the commencement of the study, all pigs were fitted with 
non-surgical jugular catheters. Once the catheters were inserted, pigs were individually 
housed to prevent the catheters being chewed on. Pigs continued to be able to smell, see, 
and hear other pigs in adjoining pens. 
The study was a cross over design comprising of three treatments. Each pig received 
all three treatments in a randomised order. Pigs received only one treatment per day. 
Treatments were performed in a random order across all days, but each treatment was 
evenly presented on each experimental day. The treatment groups included: 1) saline 
infusion (SAL), 2) epinephrine infusion (EPI), and 3) restraint (RES). Pigs in the SAL 
treatment had sterile saline administered intravenously via the catheter for 2 minutes. 
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Pigs in the EPI treatment had epinephrine (4 μg/kg/min) administered intravenously via 
the catheter for 2 minutes. Pigs in the RES treatment were restrained by a person for 2 
minutes.
All pigs were fitted with Polar heart rate monitors (RS800CX™, Polar Electro Oy, 
Helsinki, Finland) 1 hour prior to the commencement of the treatment to measure 
heart rate and heart rate variability. Monitors were strapped firmly around the thorax 
immediately behind the forelimbs, with electrode contact points on areas from which 
the hair had been removed and ultrasound transmission gel applied. At the end of each 
sampling period the stored heart rate was downloaded via a serial interface to a computer 
for analysis.
Pigs were moved to the treatment pen (1.22 x 0.61 m) and given 10 minutes to acclimate 
to the area before recording began. An infrared thermography camera (ThermaCam 
S60, FLIR Systems AB, Danderyd, Sweden) was used to record images of the pig’s eye 
(Figure 1A) or snout (Figure 1B) continuously throughout the 15 minute experimental 
period (5 minute baseline and 10 minute post-treatment). The IRT camera was operated 
by a person standing immediately outside of the pen. The pigs were not restrained during 
recording. Maximum temperature (°C) of the canthus of the eye and the snout region was 
calculated using Researcher Software (ThermaCAM Researcher Pro 2.0, FLIR Systems 
AB). Ambient temperature (oC) and relative humidity (%) inside the sampling area were 
recorded and entered into the infrared camera to calibrate it for atmospheric conditions.

A          B 

Figure 1: IRT image of pig eye (A) and snout (B) during experimental recording.

Statistical analysis
Data were analysed by analysis of variance using the mixed model procedure in SAS 
(SAS Inst., Inc.). Pig was the experimental unit and the main fixed effects were treatment 
(SAL, EPI and RES) and time (0-5 minutes pre-treatment and 0-5 and 5-10 minutes 
post-treatment). The interaction between treatment and time were included in the model. 
Day of test was used as a random effect in the model.  Graphs and tables display data 
summarised by least square means ± SE. Statistical significance was set at P < 0.05.
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Results 

Eye temperature was similar (P > 0.05) among all treatment groups during the 5 minute 
pre-treatment period (Figure 2A). During the 0 to 5 minute post-treatment period, eye 
temperature was lower when pigs were given EPI (P = 0.021) or RES (P = 0.0006) 
compared to when pigs were given SAL. Eye temperature was similar (P > 0.05) among 
all treatment groups during the 5 to 10 minute post-treatment period, however RES pigs 
had a tendency (P = 0.069) to have higher eye temperatures than SAL pigs.

Pre-treatment snout temperature was similar (P > 0.05) among all treatments groups 
(Figure 2B). During the 0 to 5 minute post-treatment period snout temperature was lower 
(P = 0.005) in RES than SAL pigs, but was similar (P > 0.05) among all treatment groups 
during the 5 to 10 minute post-treatment period. Figure 3 shows a typical eye (A) and 
snout (B) temperature response to restraint stress over time for one animal.  

  

 
Figure 2:  Maximum (A) eye and (B) snout temperature following infusion (0 to 2 
minute) of saline (SAL), epinephrine (EPI) or a 2 minute restraint period (RES).  
a,bWithin time categories, letters with different superscripts differ at P < 0.05.

 

 

 A 

 B 
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Figure 3: Maximum eye (A) and snout (B) temperature following a 2 minute restraint 
period. These graphs represent an example animal showing a typical response.
HR was similar (P > 0.05) among all treatment groups during the 5 minute pre-
treatment period (Table 1). During the 0 to 5 minute post-treatment period, HR was 
higher in RES (P = 0.001) than SAL pigs. HR did not differ (P > 0.05) between pigs 
given SAL or EPI. However, 5 to 10 minute post-treatment HR was higher in EPI (P 
= 0.008) and RES (P = 0.001) compared to SAL pigs. 

HRV was similar (P > 0.05) among all treatment groups during the 5 minute pre-
treatment and 0to 5 minute post-treatment period (Table 1). However, 5 to 10 minute 
post-treatment heart rate variability was higher in RES (P = 0.021) than SAL pigs. 

 A 

 B 
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Table 1. Heart rate (bmp) and heart rate variability (RMSSD, ms) following infusion 
(0 to 2 min) of saline (SAL), epinephrine (EPI) or a 2 min restraint period (RES).  
a,bWithin time categories, letters with different superscripts differ at P < 0.05.

 Treatment
 SAL SE  EPI SE  RES SE
Heart rate (bpm)         
5-0 min pre-treatment 171.6a 2.04  167.3a 1.82  171.6a 1.82
0-5 min post-treatment 170.2a 1.82  170.2ab 1.82  179.3b 1.82
5-10 min post-treatment 169.1a 1.82  176.3b 1.82  184.7b 1.82
         
Heart rate variability (RMSSD, ms)       
5-0 min pre-treatment 13.7a 6.75  13.8a 5.23  13.2a 5.51
0-5 min post-treatment 17.2a 6.75  25.2a 5.23  29.0a 5.51
5-10 min post-treatment 15.5a 6.75  25.1ab 5.23  37.3b 6.25

Discussion  

IRT was able to detect changes in eye and snout temperatures in pigs in response to 
an acute stress. Eye temperature was lower in response to an infusion of epinephrine 
(-0.2 C) and restraint (-0.6 C) than a saline infusion, but only restraint caused a change 
in snout temperature compared with saline. Likewise, Stewart et al. (2010a) found that 
eye temperature decreased (-0.3 C) in response to an infusion of epinephrine in calves. 
Furthermore, other stressors such as a fright or an electric prod (Stewart et al., 2008a) 
and the pain caused by cautery disbudding (Stewart et al., 2008b) resulted in a drop 
(-0.3 to -0.4 C) in eye temperature in calves. Moe et al. (2012) also found that comb 
temperature in chickens dropped in response to a conditioned cue signalling a reward 
and concluded that this drop in temperature was associated with emotional arousal. 
This drop in eye temperature is likely due to vasoconstriction in the region of the eye 
mediated by the sympathetic nervous system. The preliminary data from this study 
suggest that thermal changes in the region of the eye are more sensitive to stress than 
the snout in pigs.   
Heart rate was not initially affected by an infusion of EPI, however during the 5 to 10 
minute post-treatment period heart rate was higher in EPI than SAL pigs. Furthermore, 
in the present study heart rate variability (RMSSD) numerically increased in response 
to EPI and was numerically greater than SAL pigs during the entire post-treatment 
period. Similarly, Stewart et al. (2010a) found that giving calves an epinephrine 
infusion initially caused a decrease in heart rate followed by an increase, and heart 
rate variability (RMSSD) increased in response to an infusion of EPI. An increase in 
heart rate variability suggests stimulation of the parasympathetic nervous system and 
may have occurred to balance activation of the sympathetic nervous system caused by 
infusing epinephrine. 
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Restraining pigs for 2 minutes also caused an increase in heart rate and heart rate 
variability in the present study and this response was greater between 5 and 10 minutes 
post-treatment.  Heart rate has been shown to increase in response to several stressors 
in calves, such as administration of local anaesthetic (Stewart et al., 2008b), disbudding 
(Stewart et al., 2008b) and castration (Stewart et al., 2010b). Contradictorily, heart 
variability (RMSSD) decreased in response to disbudding in calves (Stewart et al., 2008b), 
but increased after castration in calves (Stewart et al., 2010b). The parasympathetic and 
the sympathetic nervous systems work together to help maintain homeostasis. 
The present study provides preliminary data showing changes in eye and snout 
temperature in response to a physical/psychological (restraint) and a pharmaceutically 
(epinephrine) induced stress. However, for future studies it is important to note some of 
the limitations. It is important when collecting IRT images that the angle and distance 
of the camera from the animal is consistent. The eyes of neonatal pigs are small and 
this in combination with the fact that the pigs were mobile made it difficult to obtain 
IRT images at the correct angle and distance. Therefore, a lot of images were discarded, 
resulting in less data available for analysis. Although the snout was larger a similar 
problem with movement and angle also occurred.  In future studies it may be possible 
to collect images while the head is relatively still and at a certain angle from the camera. 
Cook et al. (2015) suggested locating the IRT camera next to a feeder or waterer so that 
images could be recorded as the animals visit on a regular basis, but this methodology 
would not be suitable for assessing acute stress. Future studies should investigate other 
regions of the body such as ears or back to determine if thermal changes in these regions 
are sensitive to stress as it may be easier to collect images at a consistent angle and 
distance.  
Several other factors that can affect IRT data collection including wind drafts, sunlight, 
dirt or dust on the coat of the animal, but were not an issue in the present study as the trial 
was conducted indoors in a controlled environment. Although the, ambient temperature 
and relative humidity inside the sampling area were recorded and entered into the 
infrared camera to calibrate it for atmospheric conditions, further data modelling should 
be investigated to be applied to the IRT temperature data to correct for environmental 
conditions in future studies. 

Conclusion 

Overall, exposing pigs to an infusion of epinephrine or restraining them for 2 minutes 
caused a decrease in eye and snout temperature and an increase in heart rate and heart 
rate variability compared to pigs given saline. Temperature changes suggested that 
the eye may be more sensitive to stress than the snout. However, fewer data points 
were obtained from the eye than the snout due to the size of the eye and mobility of 
the pigs. IRT shows promise as a non-invasive method for assessing acute stress in 
pigs, however further research is needed to optimise the methodology for collecting 
IRT images from pigs. If this technology can be developed further, it could be 
combined with other remote sensing and electronic identification systems to non-
invasively gather important information regarding stress in pigs. In a commercial 
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setting this technology could be used as a warning system for farmers to enable them 
to intervene when an animal is identified as experiencing stress, thereby potentially 
preventing negative impacts on production and welfare.
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Abstract

Previous ARS research found that heat production of growing-finishing swine 
is 6 – 41% higher than documented in the ASABE and ASHRAE standards.  The 
smallest changes were noted at the lightest weight pigs.  This change is most likely 
due to larger, faster growing genotypes used in modern swine production.  As a 
result of this higher heat production, the ideal temperature the pigs are kept at 
has likely changed.  Thermal comfort of the new genetics is critical to maximize 
production and well being of the modern swine.  Measurements of posture, skin 
temperature, and ear temperature profile changes with temperature were evaluated 
for three modern pig genetic lines. A total 180 nursery pigs (30/sire – 3 different 
breeds: Duroc, Landrace, and Yorkshire) – with 2 sires for each breed) were acutely 
exposed (~6-hours) to each of seven different temperatures (20°C, 22.5°C, 25°C, 
27.5°C, 30°C, 32.5°C, 35°C) over a 13-day period.  Both group (10 pens of 18 pigs 
each) and individual pig (12 pigs/sire line – 36 total) thermal images were captured 
at each of the thermal conditions.  In addition, time-lapse images were taken on a 
5-minute basis to document posture.  First region of interest (ROI) was the average 
trunk surface temperatures; evaluated using an oval center of the trunk of the pig.  
Temperatures along the centerline of the ear were evaluated for each pig (12 pigs/sire 
line – 36 total) as the second ROI.  Changes in the average trunk surface temperature 
were fit to two separate linear regression equations – above and below the standard 
temperatures. The two regression lines were solved simultaneously to estimate the 
thermal comfort zone.  The threshold temperatures were determined to be 26.1°C for 
Duroc sired pigs, 27.9°C for Yorkshire sired pigs and 28.8°C for Landrace sired pigs.  
Changes in ear surface proved to be a useful tool in evaluating thermal comfort.  
Based on the results of this study the standard set point of 27.5°C is appropriate for 
nursery pigs.  These results demonstrate the ear is an ideal target for determining 
thermal comfort.  Using current infrared temperature technology, an application 
could be developed to focused on the temperature of pig ears to ensure the building 
thermal environment is appropriate. 

Keywords: Genetics, Nursery pigs, Surface temperature, Thermal comfort
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Introduction

Annual losses associated with heat stress in the swine industry are estimated at US 
$299 million (St. Pierre et al., 2003).  Heat stress results from a thermal imbalance; 
the animal produces more heat than can be dissipated to the environment, which 
can cause decreases in feed intake, growth, feed efficiency, and reproductive rate 
(Nienaber and Brown-Brandl, 2009).  Brown-Brandl et al. (2004) noted increased 
lean percentage, decreased backfat, and a shorter time to market in current genetic 
lines of pigs compared to previous genetic lines. Increased growth and lean 
accretion has been shown to increase heat production (Tess et al., 1984).  
However, cold stress is also a concern due to increases in feed intake to support 
thermoregulation (Quiniou et al., 2000; 2001).  Cold stress can lead to greater 
feed intake and lower feed efficiency. The actual increase in feed intake is unclear, 
but modeling performance at 14°C suggests an additional 300g daily feed intake 
in growing pigs (Quiniou et al., 2001).  The study indicates the most impact of 
lower thermal threshold will occur when the pigs are less than 45kg (Quiniou et 
al., 2000).
There is evidence that heat production has changed with changes in genetics 
(Brown-Brandl et al., 2014).  Based on previous studies, growing-finishing 
barrows and gilts both show greater heat production over current standards across 
the range of temperatures and weights (Brown-Brandl et al., 2011; Nienaber and 
Brown-Brandl, 2008).  Along with the changes in heat production, it has also been 
documented that modern high-growth pigs are more susceptible to heat stress 
than older moderate-growth genetic lines (Nienaber et al., 1998), thus suggesting 
changes in the thermal neutral zone.
More than just more than just the environmental temperature influences thermal 
comfort. The flooring type, moisture in the environment, the temperature of 
the walls, and drafts that are present play a significant role in thermal comfort 
(Baker, 2004; Close, 1981; Mount, 1975).  These factors not only influence the 
pigs thermal comfort but can be difficult to quantify and can change quickly 
make the pigs in the area prone to heat or cold stress even though the actual room 
temperature is relatively constant.  A method of accessing the animal’s thermal 
comfort on a regular basis would be ideal for maintaining optimal thermal 
comfort. However, a non-contact method of accessing animals’ thermal comfort 
is needed.  
A preliminary study at USMARC has shown that skin surface temperatures of 
finishing pigs measured over different environmental temperatures demonstrated 
unique and consistent breakpoints (Brown-Brandl et al., 2013).  The previous 
study identified the upper threshold temperature of the pigs.  The variation in 
skin surface temperatures in response to environmental temperature between 
different sire-lines of pigs is unknown.  In addition the ideal region of interest 
(ROI) is also unknown.  Therefore, the objective of this study was to compare 
thermal response of three sire lines using time-lapse images and thermal IR 
imagery at two different ROI. 
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Materials and Methods

A total of 180 cross-bred pigs (maternal: Landrace x Yorkshire: 30/sire-line – 3 different 
breeds Duroc, Landrace, and Yorkshire – with multiple sires for each breed) were placed 
in one of 10 pens (six pigs of each sire line in each pen for a total of 18 pigs/pen).  Pigs 
from different lines were of similar weights, Duroc 13.6±2.6, Landrace 13.5±2.1, and 
Yorkshire 12.1±1.9 kg).  Pens in the nursery facility were 2.5 m by 2.1 m, had plastic 
slatted flooring and were located in the away from the outside walls in order to minimize 
the impact of the outside wall temperatures.    After a one-week acclimation, pigs were 
subjected to a short-term exposure to various cool to warm temperatures (ranging from 
20 - 35°C).  Surface temperatures for both ROI from the individual pigs and huddling 
behavior were documented.
Pigs were exposed to seven different temperatures (20°C, 22.5°C, 25°C, 27.5°C, 30°C, 
32.5°C, and 35°C) over a 13-day period.  The temperatures were selected to represent cool 
to warm environments for nursery age pigs.  At approximately 6:30 AM, the temperatures 
in the room were set; a stable temperature was established by approximately 7:00 AM.  
Time-lapse images were collected every 5-minutes from 7:00 AM through 5:00 PM.  
Thermal images were captured from 10:00 AM – 12:00 PM.  After the images were 
captured the room temperature was reset to the recommended temperature 27.5°C.
Surface temperatures were captured as a thermal image using a FLIR T400 infrared 
camera, which measures surface temperatures and generates a thermogram in color 
(thermal sensitivity 0.05°C at 30°C; accuracy of ± 2% of reading; IR resolution of 
320x220 pixels). Measurements were taken at the same time each day to minimize 
diurnal effects.  A selected group of pigs were used for individual thermal images.  This 
subset of pigs was located in two of the 10 pens and so that a total of 12 pigs per genetic 
line (36 pigs total) were used.  Pigs were moved, one at a time, to a nearby empty pen to 
ensure a consistent side-view image was captured from each animal.  Individual thermal 
images were captured on the same pigs at each temperature.
A thermal image of a black body calibrator was taken several times each data collection 
day.  The temperature of the surface of the globe was measured with an independently 
calibrated thermocouple to ensure the temperatures recorded by the thermal camera 
remained accurate throughout the study.  All thermal images were analyzed using FLIR 
ExaminIR software.  The individual animal surface temperatures were summarized by 
two different regions of interest ROI 1) averaging temperature within an oval oriented 
over the trunk of the pig, and 2) utilizing the broken line tool, temperatures down the 
center of the ear were captured (Figure 1). 
The time-lapse images were taken on a 5-minute basis.  The amount of floor space the pigs 
are occupying, and the number of pigs standing/lying/eating/drinking were analyzed on a 
15-minute basis from 9:10 AM – 10:00 AM on experimental days.  The analysis of this 
data collected will be presented in a subsequent publication.  For observation purposes, 
9 digital images from the time-lapse cameras were carefully selected.  One image each 
of the treatment days was selected between the hours of 7:30 AM– 10:00 AM; selected 
images had no more than 4 standing animals.  Images with the fewest standing animals 
were preferred.  Two images were selected on non-treatment days, those two images 
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were taken in the late morning or early afternoon, the earlier the better; these images were 
also selected with the same standing animal criteria.   

Figure 1.  Two sample thermal images Yorkshire-sired pig at 20°C (left), Duroc-sired pig 
at 37.5°C (right). Note the two regions of interest 1) the oval centered over the main body 
including, and 2) the line down the center of the ear.

Dry-bulb, relative humidity, and single direction air velocity were measured throughout 
each data collection day (Hobo ZW wireless environmental monitoring nodes).  
Environmental measurements were collected at two points in the barn, along the wall 
and in the center of the barn (Figure 2).  Data were collected on a per minute basis and 
then averaged over 10-minutes.

Figure 2.  Nursery building layout showing the pen size and the placement of the 
environmental sensors (temperature, humidity, and air velocity) are indicated by a blue 
circle.

The summarized surface temperatures were grouped by sire-line.  Two linear regression 
lines were fit to the data: 1) included all the points below the standard set-point temperature 
(27.5°C), and 2) included all the points above the standard set-point temperature (27.5°C).  
The two equations were solved simultaneously to determine the point they intersect, 
which was considered an estimate of the ideal thermal environment (Brown-Brandl et 
al, 2001). 
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The temperatures taken down the center of the ear from the head to the tip of the ear were 
processed such that 20 equally spaced points were collected in each image.  The data then 
were analyzed using a Proc Glimmix procedure with the fixed effects of genetic line of 
the sire, and set-point temperature (SAS, 2003).  Each of the twenty points was treated as 
a repeated measure by adding pig as a random effect.  
The line down the center of the ear was evaluated by analyzing each point separately 
using a mixed model with the effects of sire-line, ambient temperature, and the interaction 
of sire-line, and ambient temperature.  In addition, an analysis of the difference between 
temperature at the head and the tip of the ear were evaluated by finding the maximum 
value in the 1/5 of the ear closest to the head and the minimum in the 1/5 ear farthest 
away from the head.  This data point was also analyzed by using a mixed model with 
the effects of sire-line, ambient temperature, and the interaction of sire-line and ambient 
temperature (SAS, 2003).

Results and Discussion

The environment was relatively stable throughout the experimental period on each 
of the data collection days.  The room temperature quickly stabilized after reaching 
the experimental set point and quickly returned to normal after data collection was 
completed (Figure 3).  The temperature along the wall was slightly cooler than in 
the middle of the room, but did not vary greatly.  Air speed in the room was below 
the detection level of the sensor (0.15m/s).  Therefore, by all practical purposes, the 
air can be considered still.  Consistency in the room ensures that the animals should 
have similar thermal environments regardless of their placement.

Figure 3.  An example air temperature and air velocity taken during a 24-hour period 
in the nursery during the experiment. The temperature for the data collection period 
was set at approximately 6:30 AM.  Thermal images were collected between 10:00 
AM – 12:00 PM.  In this example data, the temperature set point was 35°C. 
The environment was recorded using the HOBO system except for the first day when 
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a malfunction caused the system to not record data.  An estimate of the temperature 
that day was obtained using thermal images of the calibrated black body, and the 
average of the temperatures on these images was 22.7±0.11°C.  The standard 
deviation was lower than the air temperature because of the thermal mass of the 
black body and the total number of samples taken.  The environmental data revealed 
that the actual temperature closely matched the set-point temperature each of the 
days: (set point – average of two sensors) 20.0°C – 20.9°C, 22.5°C  – 22.7°C, 25°C 
– 24.3°C, 27.5°C – 27.3°C, 30.0°C – 29.9°C, 32.5°C – 32.3°C, 35.0°C – 34.4°C. 

Table 1.  Average thermal conditions recorded from 8:00 AM – 12:00 PM on each of 
the experimental days.

Set 
Point Date Dry-bulb Temp (°C) Relative Humidity (%) Air Velocity (m/s)

Center Wall Center Wall Center Wall

20.0°C 11/06/13 22.1±0.8 20.2±0.5 53.0±3.4 53.3±3.1 0.07±0.01 0.09±0.04

22.5°C 10/24/13 22.7±0.1* NA NA NA NA NA

25.0°C 10/30/13 25.1±1.1 24.1±0.8 64.8±3.5 65.6±3.2 0.07±0.02 0.06±0.03

27.5°C 11/05/13 28.0±1.1 26.6±0.8 57.7±3.9 57.8±3.5 0.07±0.03 0.05±0.03

30.0°C 10/29/13 30.8±1.0 29.1±0.8 51.8±3.6 52.7±2.9 0.08±0.04 0.06±0.03

32.5°C 10/31/13 33.1±0.7 31.5±0.8 47.9±3.0 47.7±2.7 0.08±0.04 0.06±0.03

35.0°C 10/25/13 34.8±0.6 33.7±0.7 38.4±2.8 35.1±2.6 0.07±0.04 0.05±0.03

*  Due to a system failure – environmental temperature was estimated using the 
thermal images from the black body calibrator.
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Figure 4.  Photos from the time-lapse camera of one pen in the center of the room 
with a mix of three different crossbred pig lines (sired by Duroc, Landrace, or 
Yorkshire) taken on different experiment days, except where noted with different 
thermal environments: a. tdb=20°C, b. tdb=22.5°C, c. tdb=25°C, d. tdb=27.5°C (normal 
day), e. tdb=27.5°C, f. tdb=27.5°C (normal day), g. tdb=30°C, h. tdb=32.5°C, i. tdb=35°C.
Figure 4 illustrates an expected pattern showing when pigs are cool (20 – 25°C) 
they tend to huddle together including lying on top of one and another (Figure 4a, 
4b, and 4c).  It can be observed that some of the pigs are lying more on their side 
at 25°C than at either 20°C or 22.5°C indicating that the pigs are slightly more 
thermally comfortable.  At 27.5 (Figures 4d, 4e, and 4f), pigs are lying either on their 
sternum or on their side but remain touching.  There is little difference between the 
27.5°C and 30°C  (Figure 4d, e, f, and 4g).  However, as pigs become more thermally 
comfortable they spread out, again, as expected (Figures 4d, 4e, 4f, and 4g).  As 
they become hot they tend to lay further apart (Figures 4h and 4i).  There is little 
difference between 32.5°C and 35°C. 
The first ROI, average pig trunk temperatures at the different ambient temperatures 
were summarized in Figure 5.  The two regression lines (above and below the set 
point) and the intersection point are shown in Figure 5.  It appears that there was only 
a small difference in the intersection points:  Duroc = 26.1°C, Landrace = 28.8°C, 
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and the Yorkshire = 27.9°C.  Although not statistically compared, it is logical that 
Duroc sired pigs may have a slightly lower thermal neutral zone.  This line is a 
terminal sire-line and these pigs are faster growing and more muscular than either 
the Landrace or the Yorkshire maternal sire-lines.
The second ROI that was invested was the ear.  Ear surface temperature was 
investigated because extremity temperature has been associated with thermal 
comfort.  Wang et al., (2007) determined that finger and hand temperature were 
related to thermal comfort of human subjects in an office setting.  The ear of the 
pig was used as an extremity ROI.   The difference between the temperature at the 
base and the tip of the ear were significantly affected by ambient temperature and 
revealed a similar trend as in the behavior observations (Table 2).  The difference in 
surface temperature was largest at the coolest ambient condition and smallest at the 
warmest ambient condition. There was no significant difference between 20°C and 
22.5°C (10.4°C and 11.0°C from base of ear to tip of ear, respectively), and 25°C 
was significantly lower (5.6°C).  There were similar drops in temperature between 
the pigs in 27.5°C and 30°C (3.4°C and 3.5°C, respectively).  The smallest drop was 
observed at 32.5°C and 35°C, 2.3°C and 2.0°C respectively.

Figure 5.  The changes in average trunk surface temperature of 36 pigs (12 of each 
sire-lines – a. Duroc, b. Landrace, c. Yorkshire) when pigs were exposed to 6 of the 
7 different temperatures.  Two regression lines were created for each sire-line: 1) 
temperatures below the standard set point (27.5°C) and 2) temperatures above the 
standard set point (27.5°C).  The equations were simultaneously solved to determine 
the point they intersect.

Average temperature of the ear was significantly affected by temperature and 
sire-line by temperature interaction (Table 2).  Although, there was a sire-line by 
temperature interaction, all the sire-lines followed a similar trend; the temperature of 
the ear generally increases with increasing air temperature.  The exception was ear 
temperature at 25°C which was lower than the either 20°C or 22.5°C.
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Table 2.  Maximum difference and average ear surface temperatures.

Ambient 
Tdb

Min – Max*1 °C Tsurface ear °C 
All Sire-lines2

Tsurface ear°C 
Duroc3

Tsurface ear°C 
Landrace3

Tsurface ear°C 
Yorkshire3

20°C 10.4±0.36a 36.9±0.26a 36.5±0.45ab 36.6±0.46ab 37.4±0.46cde

22.5°C 11.0±0.35a 37.2±0.26b 38.1±0.45def 36.8±0.47bcd 36.8±0.46cb

25°C 5.6±0.35b 35.5±0.26b 34.1±0.45a 36.8±0.46bc 35.7±0.46a

27.5°C 3.4±0.36c 39.2±0.26c 39.1±0.45fg 38.9±0.46fg 39.8±0.46g

30°C 3.5±0.36c 39.1±0.26c 38.9±0.45fg 38.6±0.46ef 39.8±0.46g

32.5°C 2.3±0.36d 41.1±0.26d 41.2±0.46hi 41.4±0.46hi 40.8±0.46h

35°C 2.0±0.35d 41.9±0.26e 42.4±0.46i 41.2±0.46hi 42.0±0.45i

* Maximum difference between the top 1/5 and the tip 1/5 of the ear.
1,2,3 Rows with different superscripts are significantly different with column labeled 

similar superscripts.

Changes in temperature down the center were only significantly affected by temperature 
at each of the 20 points (Figure 5).  These changes match the behavior observations 
well.  The pattern of ear surface temperature at 20°C and 22.5°C were similar.  The 
pattern of ear temperature at 25°C was different than all other temperatures and it was 
intermediate to 20°C/22.5°C and 27.5°C.  Pigs exposed to 27.5 and 30°C had similar 
patterns in the ear temperature.  Pigs exposed to 32.5°C and 35°C had similar patterns, 
but pigs exposed to 35°C had a higher temperature at all points.

Figure 5.  Surface ear temperature and standard error bars at each of the 20 sample 
points on the ear taken on a total of 36 pigs from three different sire-lines at seven 
different temperatures.
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The ultimate goal for this work would be to create a PLF application to provide 
adjustments to the ambient temperature control to ensure thermal comfort for pigs 
in the environment regardless to the age, genetic line, plane of nutrition, drafts, wall 
temperatures, and/or flooring conditions.  In order to achieve this goal, a method of 
access thermal comfort on an individual animal is needed.  Using the ROI of the 
pig’s ear and a sensor such as the infrared temperature array could be developed a 
system, which could be implemented close to the feeder or water.  This would allow 
for the RFID number and ear temperature to be captured and summarized.  

Conclusions

Nursery age pigs were exposed to various warm and cool temperatures to determine 
the best thermal environment.  Two regions of interest were evaluated: 1) the trunk 
of the animal, and 2) the centerline of the ear.  Thermal comfort temperature was 
determined from the intersection of two-regression equations formed form the first 
ROI plotted against ambient temperature (above and below typical set point).  There 
was only a small difference in the intersection points:  Duroc = 26.1°C, Landrace = 
28.8°C, and the Yorkshire = 27.9°C.  The differences were logical as the Duroc pigs 
were a terminal sire line and were faster growing.  The second ROI, show changes 
in temperature down the center were only significantly affected by temperature.  
Various temperatures had distinct temperature patterns from the head to the tip of the 
ear.  These patterns were in agreement with the behavioral changes in the pigs.  In 
conclusion, changes in ear surface are a useful tool in evaluating thermal comfort.  
Based on the results of this study, the standard set point of 27.5°C is appropriate 
for nursery pigs.  This information could be used to develop an IR sensor to focus 
on the ear of the pigs during drinking or eating to ensure that the building thermal 
environment is appropriate.
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Abstract

The demand for automated systems to assess animal health and welfare on farm 
have increased in recent years, due to increasing herd sizes and the need to reduce 
labour costs. This less ‘hands on’ approach to farming poses the risk of undiagnosed 
health issues and there is a need for automated systems for monitoring health and 
welfare. The aim of this paper is to review recent research we have undertaken 
investigating the use of infrared thermography (IRT) for automated early disease 
detection in cattle and to discuss potential applications. Recent studies measuring 
eye temperature and respiration rate (RR) have been conducted on commercial 
farms. We have integrated IRT into automated calf feeding and drinking stations 
where the production and behavioural information (e.g., number of visits, feed 
intake) combined with thermal changes and respiration rate can be used as an 
early predictive index for common diseases. The outcome for our research will be 
a system that alerts farmers if an animal has a disease at a much earlier stage than 
is currently possible, allowing early treatment and isolation if required. The final 
product will advance decision-making abilities for the farmer and improve animal 
welfare and production.

Keywords: infrared thermography, disease detection, respiration rate, eye 
temperature

Introduction

The impact of disease prevalence and treatments (e.g. antibiotics) in livestock 
on human health as well as the increasing awareness of farm animal welfare by 
consumers has created a public perception issue that livestock industries have 
been required to address in recent years. For example, in North America, the 
food safety issue regarding the widespread use of antibiotics for prophylactic and 
therapeutic purposes (e.g. in pigs and beef cattle) and antibiotic resistance. The 
management procedures used on-farm (e.g. blanket use of antibiotics) that cause 
such drugs to enter the food chain are not sustainable from a public percption 
stand point. An alternative is to develop methods to early identify animals that 
are developing a pathological condition. Once clinical signs of disease in animals 
are obvious, fever (i.e. increased body temperature) will usually be evident and 
permanent tissue damage (e.g to the lungs or intestines) may have already occurred. 
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In addition to public perception and the impact on animal welfare, the prevalence 
of disease on-farm has a significant economic cost to livestock industries. For 
example, in Canada, it has been estimated that the treatment of bovine respiratory 
disease (BRD) alone costs CAN$70 million annually for the beef industry, not 
including the cost of decreased animal production and mortalities. 

In recent years the implementation and use of automated systems on-farm have 
increased (e.g. automatic cup removers, feeding stations, drafting gates, in-line 
somatic cell count monitoring). The demand and reliance on these automated 
systems have been driven largely by increased herd sizes and to reduce labour 
costs. As one example, the average dairy herd (400 cows) in New Zealand has 
tripled in the last 30 years and 2000/3000 cow herds are not uncommon. This 
reliance on such technology has led to a less ‘hands on’ approach in some systems 
and less individual animal contact, which can in turn lead to undiagnosed health 
issues, reduced welfare and production costs. In addition, there has been a decline 
in experienced stockpeople with the skills required to identify clinical signs of 
disease in animals. Therefore, there is a need for automated systems capable of 
monitoring animal health and welfare that can be integrated into existing systems 
currently being developed and increasingly used on farm.

Infrared thermography (IRT) measures emitted radiated heat and can be used to 
non-invasively measure heat loss in animals. IRT has been used for many years 
for engineering and military applications and in human and veterinary medicine. 
The use of IRT in livestock and veterinary applications has been comprehensively 
reviewed by McCafferty (2007) and Stewart et al (2005) and more recently in 
“Thermography: Current status and advances in livestock animals and veterinary 
medicine (2013). We have used the technology to measure the stress reponses to 
transport and other stressors that alter heat loss (Schaefer et al., 1988; Stewart 
et al, 2007) as well as pain and fear in cattle (Stewart et al, 2007; 2008; 2009; 
2010) and in elk (Cook et al, 2005). Other recent studies in dairy cows, have 
further investigated its use as a non-invasive tool for detecting mastitis (Polat et 
al, 2010), lameness (Alsaaod & Büscher, 2012) and estrus (Talukder et al, 2014). 
The sensitivity of the temperature measurements using IRT can be affected by the 
anatomical location (Cook et al, In Thermography, 2013). We have found from 
our results that in cattle, the corner of the eye (the canthus) is more effective at 
detecting BVD compared to other areas such as the nose, ear, body and hooves 
(Schaefer et al, 2004). We also found that the eye is a useful area to measure 
changes in heat loss due to acute blood flow variations in response to pain in cattle 
(e.g. Stewart et al, 2009). 

The aim of this paper is to review recent proof of concept research we have 
undertaken collaboratively in Canada and New Zealand investigating the use of 
IRT for automated early disease detection in cattle and to discuss applications we 
are currently testing on commercial farms. 
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Infrared thermography: eye temperature for early diesease detection

Schaefer & Cook (In Thermography, 2013) reviewed the use of IRT for detecting 
pathological conditions, including early detection of BRD in beef cattle. It is 
described how during the onset of disease, the animal utilises other mechanisms 
for heat loss, such as radiated heat (measured by IRT) to maintain a normal core 
body temperature. It is not until the animal shows clinical signs of disease that 
the core body temperature increases and at this stage damage to the tissues may 
have already occurred and medical treatment will be required. We undertook a 
series of proof of concept studies in Canadian beef feeedlots, (Schaefer et al, 
2004; Schaefer et al, 2007; Schaefer et al, 2012) and validated the use of IRT as 
an early detection method for identifying calves with BRD and BVD. In the most 
recent of these studies, involving sixty-five receiver calves exposed to standard 
industry practices of transport and auction, we found significant increases in eye 
temperatures several days to one week before clinical signs of disease become 
obvious (Schaefer et al, 2012). The study demonstrated that true positive animals 
for BRD, based on clinical scores, core body temperature and haematology, had 
higher eye temperatures compared with true negative animals (35.7±0.35°C 
versus 34.9±0.22°C positive versus negative respectively). In addition, this 
we demonstrated for the first time, the use of a fully automated system using 
electronic identification readers by which the IRT data was collected when the 
animal visited a water trough; thereby, allowing non-invasive, remote collection 
of thermal and behavioural changes (eg, watering frequency).  Following on from 
this proof of concept work, we are currently testing this system on commercial 
beef feedlots in Canada.

We are currently testing a similar system in New Zealand whereby the IRT 
station has been set up at an automatic calf feeder (Figure 1) on two dairy farms, 
monitoring over 100 animals. As well as the labour saving benefits, automatic 
calf feeders have production and animal welfare advantages over manual feeding 
as it is a more natural way of feeding for the calf, milk temperature can be 
controlled and programming for individual animal needs can benefit growth and 
weaning management. The existing production and behavioural information (e.g., 
number of visits, feed intake, milk removal velocity) that the calf feeder provides 
automatically in combination with eye temperature changes could be a useful 
early predictive index for common diseases in dairy calves, such as Rotavirus. We 
predict that thermal changes, measured using IRT, will precede the behavioural 
signs of disease, such as a decline in feed intake.
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Figure 1: IRT image collected automatically when the calf enters the automatic calf 
feeder system.

Infrared thermography: monitoring respiration rate

We are currently investigating the use of IRT for automated monitoring of respiration 
rate. Respiration is the physiological act of breathing that involves the intake of 
oxygen, which is conveyed to the tissues and cells, followed by the release of carbon 
dioxide. The repiration rate of cattle can be affected by stress, pain, exposure to heat 
and pathological conditions. In a recent review, Beausoleil & Mellor (2015) discussed 
the impact that the negative affective experiences relating to respiration, such as 
breathlessness, has on animal welfare. Monitoring of respiration rate, using IRT, could 
be used to non-invasively detect animals not only with inflammatory diseases such 
as BRD, but also conditions that don’t necessarily cause an inflammatory response 
such as metabolic diseases (e.g. ketosis, rumen acidosis, bloat), breathlessness and 
stress.

In a recent pilot study, we exposed dairy cattle (n=13) to a fright while restrained in a 
crush with a head restraint and IRT recordings of the nose were recorded continuously 
(60 frames/sec) during a 2 min baseline period before entering the crush and 2 
min following an experimentally induced fright (rapid opening and shutting of an 
umbrella in front of the cow). Figure 2 shows IRT images of the cow inhaling and 
exhaling. Inhaling brings in the external air and cools the nostrils, whereas exhaling 
air from the body core warms the nostrils (as illustrated by the lighter colours in the 
image).
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          A       B

           

Figure 2: IRT images showing the cow A inhaling and B exhaling.

The respiration rate (breathes per min) was calculated by counting breaths from the 
recorded images. The response of two example animals exposed to the fright are shown 
in Figure 3. Respiration rate increased in response to the fright for both cows as predicted. 
This preliminary data demonstrates that IRT can be used to measure respiration rate. 
Our current work involves using this data set to develop an image processing technique 
that will automate this process. Integrated into other automated systems on farm and 
combined with changes in eye temperature, respiration rate (measured using IRT) could 
be collectively used as a predictive index for early disease detection, allowing the farmer 
to make crucial management and treatment decisions. 

Figure 3: An example of respiration rate (breathes per min) responses, measured using 
IRT, for two cows during baseline and following an experimentally induced fright.
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Final comments and conclusions

We have developed to the proof of concept stage, examples of the automated IRT 
measurement systems and interpretation methods that would be required to provide 
real time thermal biometric information on individual cows to improve animal 
productivity, health and welfare. This information can be incorporated into other 
shed technologies. Currently we are investigating a number of biometric parameters 
that may be useful predictors of diesase (e.g. other anatomical areas) as well as 
the best methods and models to apply to the data for correcting for environmental 
conditions specific to the application and climate (Landgraf et al, 2014). We are 
currently developing predictive modelling and analytics that will ultimately produce 
a simple alert system that can be sent to the farmers phone or other communication 
devices to inform them if an animal shows early signs of disease at a much earlier 
stage than is currently possible. Animals could then be isolated earlier from pen mates 
at risk of contamination and treated as required. Automated individual animal daily 
information such as this, integrated into existing systems, has potential to facilitate a 
major advance in decision-making abilities for the farmer and improvements in both 
animal welfare and production.
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Abstract

Big Data has a lot of potential for PLF as it allows for monitoring on a constant and 
real-time basis and can show connections between different data sources, which 
results in insights on the level of the individual cow that cannot be detected by the 
human eye. Technical implementation hereof is however not the only hurdle to 
take for data-driven PLF; business and social aspects also challenge the realization 
of this ambition. For Big Data solutions to work in PLF, cooperation is therefore 
needed throughout the value chain, the farmer will need to change his role, and 
transparency and trust become crucial factors for the adoption of data-driven 
farming. The project Smart Dairy Farming encountered those challenges, forcing 
the project to take behavioral- and organizational change processes into account. 
Starting with a value chain analysis pointing out the relationships, responsibilities 
and value exchanges, followed by other tools from human centered design such as 
Personas, the adoption of the Smart Dairy Farming innovations by all stakeholders 
was ensured. 

Keywords: Big Data, human behaviour, organizational change, value network

Introduction

The innovative project Smart Dairy Farming in the Netherlands,  aims to develop 
PLF Big Data services that facilitate farmers to make decisions that support a 
longer productive stay at the farm and an increased lifetime milk production due 
to improvement of individual health (Knijn et al, 2013). This is realized by giving 
specific actionable advice to farmers, following from (near) real-time analysis 
models based on real-time sensor data. Data is collected on farms from existing 
and new sensors. These sensors can be applied to an individual cow or used in 
existing equipment such as milking robots and water reservoirs. The advice can 
consequently focus on the topics of animal health, fertility and nutrition. An 
information architecture is created to this end, for reasons of clarity from here on 
called ‘SDF platform’.
Combining data from different sources on and around the farm, has a lot of potential 
to deliver the promise of longer life expectancy for dairy cows. Much focus is 
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therefore now put on extracting information from sensors on and around the cows 
themselves, and combining these with other relevant sources such as databases 
with historical information on cows, medical records, computational models, and 
so on. 
Crucial for a successful implementation of these technical solutions and to actually 
realize their potential, is however the adoption of the SDF platform by farmers 
themselves. The adoption by end-users and the related organizational changes and 
skills and competences are some of the non-technological challenges in successful 
data driven innovations (OECD, 2014). Naturally, farmers as many others can be 
incentivized by better earnings and more efficiency in their work, but this will in 
practice only come forth from the possibilities he or she sees to apply these new 
possibilities. In fact, it requires many to work far more data-driven than they are 
used to.
Furthermore, as mentioned earlier, data exchange in PLF is not exclusively related 
to data generated by the farmer and his stock. On the contrary; for PLF to become 
of value, a myriad of data is needed. This inherently causes for a challenge to open 
up, be transparent, and actually exchange data amongst different parties. 
The challenges described above have a common thread; they address the importance 
of adoption by those that are actually impacted; the end-users, most importantly the 
farmers. More specifically, this means adoption of the concept has to be secured 
on the one hand, and adoption of implementing the forthcoming new possibilities 
in one’s daily life on the other. Farmers need to change their behavior in order for 
PLF to be successful in their farm.
Human centered design provides with a methodology in which end-users can be 
involved in the design process (of new ICT) to ensure adaptation of the product 
to users’ needs, and to make adoption more viable (Steen et al, 2011; De Boer & 
Kuiper, 2008; Sanders, 2002; IDEO, 2011). Such an approach was also applied to 
the design of the SDF platform. 
The methodologies used, and the consequent results, are discussed in the following, 
in order to answer the research question: How can we influence adoption of the 
SDF platform with a Human Centered Design approach? 
The sub-questions are:

1. How to increase acceptance of the SDF platform, by end-users and all 
stakeholders involved? 

2. How to ensure the SDF platform can be implemented in the daily life of end-
users (farmers)?

Methods for human-centered design

Human-centered design processes can make use of several tools that facilitate 
involving end-users in an easy, structured and appealing way (IDEO, 2011). For 
each sub question we selected two tools that we feel can answer the question, or at 
least part of it:
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Increase acceptance:

1. Value Network Analysis: A value network analysis is a method for 
comprehending and visualising the relationships and exchanges within a 
dynamic ecosystem. A Value Network approach can thus help to get a better 
and shared understanding of a multi-sided issue or concept involving a lot 
of stakeholders, and how to progress  in an effective way (Van Dort, 2013). 

2. Co-creation workshops: Co-design and co-creation activities are related 
to the involvement of end-users and stakeholders in developing services. 
Organizing these activities is expected to benefit the project itself, the quality 
of the service that is being developed and the organizations that are involved 
in the activities (Steen et al., 2011, De Boer & Kuiper, 2008). Co-design is 
said to lead to innovations that may be better adapted to the context of use 
and be more likely to be adopted (IDEO, 2011).

Implementation in daily life:

1. Personas: Personas are archetypical users, representing a target group and 
their specific characteristics. The purpose of Personas is to create reliable 
and realistic representations of your key audience segments for reference 
(Usability.gov, 2015). A Persona is not a real person, but does make an 
abstract target group, based on insights and data, come to life. The Personas 
for the SDF platform were based on 30+ interviews with stakeholders.

2. Use cases: A use case is “a formalised story that describes how someone 
procedurally interacts with an existing or proposed system” (Goss, 2007). It 
is used in human-centered design by describing use cases with accompanying 
requirements for the platform that respect needs, wants or even barriers of 
end-users. 

Figure 1 Human-centered design methods for adoption of the SDP platform.



Precision Livestock Farming ‘15724

Results and Discussion

As proposed in figure 1, the adoption of the SDF platform is split up in two 
components: the acceptance of the concept by farmers as such, and tools for the 
implementation of the SDF platform in the daily life of farmers. This ‘two-sided’ 
adoption requires the usage of human-centered design approach, with supporting 
methods. 

Value network analysis
The value network analysis (figure 2), created with a group of different 
stakeholders in the SDF project, showed what roles are in more or lesser extent 
involved in an initiative such as SDF and how value streams such as data and 
money flow from one ‘role’ to another. The value network analysis created a 
‘common ground’ for further developments, helping with discussion points such 
as for whom a design is made and why.
The initial phase of the development of the SDF platform encountered quite 
some difficulties that for a significant part came forth from a lack of mutual 
understanding of roles and responsibilities. Once the value network was 
blatantly depicted on a large screen, many of these (sometimes also implicit) 
misunderstandings diminished, also creating an atmosphere of trust because all 
the roles, responsibilities and dependencies were made explicit. As for reach, the 
analysis was presented to and discussed with a key group of sixteen farmers in a 
review session, and later presented to a larger group of farmers and representatives 
of the sector (about 100 in total).
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Figure 2 Value network analysis SDF.

Personas
During the project, four Personas were developed, each one representing a major 
user of the SDF platform (i.e. the dairy farmer; the representative of companies in 
the value network such as the dairy factory and suppliers of food and seeds; scientists 
that make new models based on the data, and developers of the platform itself). 
Here, we focus on the first: the dairy farmer named Douwe. He was created based on 
several interviews and refined by actual dairy farmers, and made the expectations, 
needs and barriers of a dairy farmer regarding the SDF platform explicit.
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Figure 3 Persona with user requirements.

Although intuitively logical, it was a welcome finding that the usage of the Personas 
method not only secured a design of the platform that would suit the farmers, but also 
helped with the adoption of the concept of the SDF platform as such. It is suggested 
that a reason for this, is that by referring to the farmers as abstract persons, it made 
it easier to open up and exchange thoughts, needs, and critical points. Participants 
in the workshops no longer had to talk about themselves, but about “Dairy farmer 
Douwe”. The same happened for the other, sometimes competing roles represented 
by the other Personas. The introduction of Personas thus made a significant difference 
in the results obtained from co-creation workshops and created a valuable overlap 
between adoption of the concept and helping to ensure a good implementation of the 
SDF platform in daily life.
Comparable to the reach of the value network analysis, the Personas were presented, 
discussed and refined together with the key group of sixteen farmers and presented at 
a domain-specific congress (AgroConnect, 6th June 2013) to more than 100 farmers 
and other sector representatives. Lastly, the Personas and related methodology was 
recently (8 May 2015) presented at a Smart Industry congress in Hamburg for about 
15 representatives from knowledge institutions and Smart Industry.
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Co-creation workshops.
The co-creation workshops were held with representatives from major parties in 
the value network, such as the dairy factory and a cattle management company, 
and scheduled for a whole day every two months. In these workshops, the results 
of findings (e.g. the interview results for creating the Personas) were discussed, 
elaborated upon and used as input for next steps such as defining suitable use cases. 
By applying co-creation as a method, instead of merely asking for feedback, ensured 
applicability of the SDF platform, as parties and viewpoints are heard, thoroughly 
discussed and brought into perspective of the whole value network. Also, adoption of 
the end ‘product’ (e.g. Personas and use cases) was assured, simply by having people 
think along and recognizing their input in final results.

Use cases
Based on the specific profiles of the users represented by Personas, real user-
based use cases could be developed, such as ‘receiving specific advice’ and ‘adjust 
authorizations’ for the dairy farmer; ‘give specific advice’ for the representative of 
the supplying companies; and ‘testing new solutions on the SDF platform’ for the 
scientist and the developer. Above, a use case for dairy farmer Douwe is depicted. 
This use case describes how farmers have very little time to analyze new information 
each morning, and require information to be available on different devices. This 
implies certain design specifics for the information architecture to be in place. 
By working towards design requirements of the SDF platform in a way that is 
human centered, use cases could be made that actually address user needs, such 
as authorization issues (who can see my generated data). These requirements 
complement the definition of IT-specific requirements for topics such as uptime, 
speed of use and data management. These are of great importance, but when given 
too much attention compared to user requirements, can even cause for a bad user 
experience. The reach of the use cases is due to similar activities, comparable to the 
reach of the Personas.

Conclusions and further steps

The four human centered design techniques applied in the SDF project have had a 
positive impact on the adoption and adaptation of the SDF platform. Project members 
could constructively cooperate within the project, and the farmers involved in the 
early stages of the development of the platform, could find their place amongst the 
industrial organizations that were representing the project. Although the tools as such 
are not new in developing new ICT solutions, they are new in respect to data driven 
innovation, where much focus is on retrieving valuable information from data, and 
creating viable business models and less so on behavioral and human aspects of 
successful data driven innovation. 

The tools as described in this paper were, however, not sufficient to come to a full 
implementation of the SDF platform. Once it became clear that the technology could 
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actually deliver the value that was desired by farmers and organizations involved in 
the project, new challenges arose; who would own the data? Who would pay, and 
who would gain? Also it relates to a more detailed description of how the daily life 
of a farmer changes once the SDF platform is introduced on a larger scale. Now that 
the product has become more feasible, those aspects need to be detailed. In the next 
stage of the project therefore more and sometimes new human centered design tools 
will be required to overcome these challenges. 

We recommend to continue with co-creation workshops and update use cases 
accordingly. Personas are still up-to-date, and can be used as reference material 
throughout the project. The value network analysis needs to be updated if major 
changes in te value delivery are being made. New Human Centred design tools that 
could be introduced are usability testing and pilots.
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Abstract 

The extreme metabolic adaptations of dairy cows after calving are associated with a 
negative energy balance (NEB). NEB increases the likelihood of disease incidence, 
which in turn adversely affects productivity and reproductive performance. This study 
was conducted to look for an optimal timing to measure beta-hydroxybutyric acid 
(BHBA), i.e. ketones, in blood and to compare inline automatic measurements of milk 
components with a test for blood ketone concentrations. Blood BHBA of the same 18 
cows was measured three times throughout one day (06:00, 13:00 & 20:00). Cows 
with BHBA above 1.4mmol/L were considered ketotic. In the morning 2 cows (11%) 
were found to be ketotic, at noon 5 cows (28%) and in the evening 6 ketotic cows 
(33%) were identified. In total 7 cows out of the 18 tested were found to be ketotic on 
that day by BHBA, in at least one of the three sessions. No single measurement session 
identified all seven ketotic cows together. Looking at the fat to protein ratio (FPR), we 
found that 6 of the 7 cows (86%) were ketotic by BHBA. In another study we tested 
4 cows, identified by FPR, every two hours. Differences in blood ketone levels were 
detected in the course of the day. Based on these results we conclude that a single daily, 
direct ketone body measurement is less effective at preventing ketosis. Continuous 
automatic monitoring makes farmers aware of invisible (sub clinical) metabolic issues 
and enables them to react effectively. Automatic monitoring therefore improves animal 
productivity, health and wellbeing.

Keywords: negative energy balance, fat to protein ratio, ketosis

Introduction

Postpartum dairy cows must cope with an extreme rise in milk yield. Lack of appetite, 
physical and physiological limitations (i.e. rumen volume/surface and microbial 
adaptation) and the composition of the ration often result in a negative energy balance 
(NEB). Therefore, at the onset of lactation, a cow’s energy requirements for milk 
production cannot be met by its feed consumption alone. In order to compensate during 
periods with a lack of available energy, the cow’s body mobilises its fat deposits. Body 
fat is channelled through the blood stream, mainly to the liver and mammary gland 
(Heuer, C., Schukken, YH., 1999). In the liver it increases ketone production, whereas 
in the udder it accumulates in the milk and raises the butterfat content. The same lack 
of energy also inhibits milk protein production, and this is the reason why milk fat to 
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protein ratio is a reliable indicator of NEB and ketosis (Grieve, D.G., et al., 1986). 
Impaired energy balance and ketosis have a significant negative impact on dairy cows 
all over the world. Excess ketone bodies circulating in the blood with, and mostly 
without, clinical symptoms has been associated with calving diseases, delayed ovulation 
or reduced conception rates and reduced milk production (McDougall et al, 2015). A 
severe negative energy balance during transition may also increase the risk of retained 
placenta, metritis and mastitis due to impaired immune function (Duffield et al. 2009). 
Urine or blood ketone levels are usually measured in postpartum examinations until 15 
days after calving, if at all. Our goal was to improve disease diagnosis and to optimise 
the treatment and prevention of complex calving diseases. The objective of the present 
study was to compare real-time, in-line automatic measurements of milk components 
using AfiLab with a discrete cow-side test for blood BHBA concentrations.

Materials and methods

The study took place in an Israeli dairy herd of 700 Israeli-Holstein cows with an 
average 305-day milk production of 12,690 kg, through January 2012. Cows were fed 
with a total mixed ration (TMR) which conformed to NRC recommendations (NRC, 
2001) twice daily (05:00 and 10:00 am). The housing system was roofed loose sheds 
with dry manure bedding. Drops of blood were drawn from the coccygeal vein of 
eighteen postpartum cows (5-40 days in milk, lactations 2-8) using a sterile disposable 
needle. Tests were carried out 3 times during one day at 05:30-07:30, 12:00-14:00 and 
19:00-21:00. Blood BHBA concentration was measured using Optium XceedTM (by 
Abbott). Cows with BHBA values higher than 1.4 mmol/L in one of the tests were 
considered to have ketosis. Blood BHBA (gold standard for ketosis) results were 
compared with AfiLab fat to protein ratio values from three milking sessions for each 
cow. AfiLabTM (by Afimilk) is an electro-optic sensor, fixed on the milk line after the 
milk meter, which was installed in every stall at the milking parlour. It measures milk 
components (fat, protein and lactose) and indicates the presence of blood and somatic 
cell counts during each milking session, for every cow. Statistical analysis of success 
rates was performed with JMPR (by SAS). 

Results

The BHBA concentrations were elevated throughout the day. There were variations 
between the three sets of measurements: 2 cows (11%) had ketosis in the morning, 5 
cows (28%) had ketosis at noon and 6 cows (33%) had ketosis in the evening (Figure 
1). The mean and standard deviation of BHBA was significantly higher at noon and in 
the evening than in the morning of the same day (Table 1). Seven (39%) out of eighteen 
cows were found to be ketotic in at least one of the three measurement sessions on that 
day. No single measurement time included all seven cows that were found to have 
ketosis. Looking at the weighted daily fat to protein ratio (from 2-3 milking session 
measurements, determined on-line by AfiLab), 6 out of the 7 cows (86%) were found 
to be ketotic by BHBA on that day. 
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Figure 1: Blood ketone changes during one day in 18 cows, 5-40 DIM. The different 
number of cows diagnosed during the day reflects blood ketone changes. It can be 
assumed that these changes are related to timing of feeding.

BHBA (mmol/L) / Time 05:30-07:30 12:00-14:00 19:00-21:00

Mean 0.9 1.1 1.2

SD 0.4 0.6 0.7

Table 1: The values for mean and standard deviation of BHBA were significantly 
higher at noon and in the evening than in the morning of the same day.
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Discussion & conclusions

The results of the present study are supported by those of another trial we carried out in 
December 2014 in a commercial, 400- cow Israeli-Holstein dairy herd, with an average 
305-days milk production totalling 11,412 kg (unpublished data). Cows were fed with 
TMR every 5 hours. The Afimilk system identified four ketotic cows (based on fat to 
protein ratio values) requiring treatment on that day, out of the four hundred milking 
cows. In this experiment all four cows were tested for both blood and urine ketone levels 
three times at two-hourly intervals (at 07:00, 09:00 and 11:00 am). Urine aceto-acetate 
concentration was measured with a reagent strip, KetostixTM (by Bayer). Cows with urine 
aceto-acetate concentrations above 1.5 mmol/L were considered to have ketosis.

In the first measurement we found no signs of ketosis in the urine of any of the 4 cows, 
while one cow was diagnosed with ketosis by blood test. The second measurement 
session did not detect any ketotic cows by blood or urine tests. In the third measurement, 
another cow was diagnosed with ketosis by blood test. There was still no evidence of 
ketosis in the urine. Two cases of ketosis were diagnosed by blood tests, but only one 
animal was identified in each test session (Table 2). No cows would have received the 
necessary treatment on the basis of the urine tests. Knowing that all four cows identified 
needed treatment against ketosis (according to our previous research since 2006 on four 
commercial Israeli dairy farms), we found discrete cow-side tests to be insufficient when 
it comes to monitoring and treating NEB.  

11:3009:3007:30Cow no. / Time 

urineBloodurineBloodUrine 
(Acetoacetate)

Blood
(BHBA)

00.600.700.88811
01.300.901.88362
01.701.000.78412
00.400.40.50.68995

Table 2: Two-hourly urine and blood test results for ketones in four cows identified 
by daily fat to protein ratio. Two cases of ketosis were diagnosed by blood tests, but 
only one animal was identified in each test session. On this occasion, no cows would 
have received the necessary treatment on the basis of the urine tests.
In view of the fact that some cows in a herd show late NEB profiles (Figure 2), with 
more than half of the cows (in every lactation) affected later than 15 days in milk, 
this once again emphasises the fact that constant monitoring of the herd is necessary 
in order to address the challenges of the transition period. We can safely assume that 
one or two post-partum urine or blood tests for ketones will miss more ketotic cows 
than continuous on line FPR measurements. 
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Figure 2: Adapted from the herd health report of 11/10-10/11, Italian herd of 220 
Holstein cows (Oded Nir (Markusfeld), 2012). 

As anyone dealing with productive animals knows, a controlled energy balance 
guarantees optimal production capabilities in the long term.
The studies show that ketone test results are inconsistent; therefore a negative result 
does not necessarily mean that the cow is not suffering from ketosis. These results 
show that random checks during the day might completely miss the problem. The 
daily variation in blood ketone body concentrations makes a single daily ketone 
measurement less effective at monitoring and preventing ketosis.
Similar past studies have clearly shown that, in more than 85% of cases, constant 
testing of cows identified by FPR for ketosis will at some point present positive 
results for each animal identified, either a day before, the same day or a day after 
the positive test result. However, no single point in time can be recommended as 
the optimum time to perform a single test that will identify all cows. These findings 
reinforced our previous knowledge about different NEB profiles in different herds 
and within herds, between different lactations and days in milk (Schcolnik, et al., 
2014).
Furthermore, the tests were only performed on the four cows identified. If herd-wide 
analysis had been performed, many more animals would have been tested in vain 
in order to identify the affected ones. This also means that other real-time testing 
solutions, consisting of a single ketone body measurement, suffer from the same two 
basic problems observed: which cows should be designated for testing and when 
should this test be performed. These two dilemmas are automatically and effectively 
solved by continuous daily monitoring of FPR data.
The bottom line is clear: continuous milk data analysis, correctly evaluated, is the 
most relevant tool for effectively identifying cows that need of treatment for energy 
balance and ketosis. Continuous automatic monitoring also enables dairy farmers to 
minimise abrupt feed management changes and therefore improves animal health 
and wellbeing. 
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Abstract

As in other sectors, Veterinary Medicine is evolving quickly in the 21th century 
due to new Precision Livestock Farming (PLF) technologies. At the department 
of Reproduction, Obstetrics and Herd Health (ROHH) at the Faculty of Veterinary 
Medicine of the University of Ghent, Belgium, dairy researchers and veterinarians are 
trying to adapt to the wide range of new technologies. New mobile wearables during 
animal and herd checks offer valuable tools to increase accuracy of the diagnosis. 
Furthermore, the amount of data created on a dairy farm exponentially grew over the 
last decade to 100 MegaBytes each day (milk meters, accelerometers and vaginal 
or ruminal temperature loggers). However, trying to integrate the widespread data 
streams from PLF technologies is tempting. Researchers at ROHH are developing 
an online platform in collaboration with the DairyDataWarehouse (Assen, The 
Netherlands) allowing students to have daily access to a wide range of data from 
dairy farms. Students are able to consult the herd and animals on- and offline, on and 
off site. The current initiative focusses on a new tool called Bovi-Analytics to allow 
student access to herds with Big Data tools such as PowerPivot, R-packages or SAS. 
The goal of the platform is to increase the student’s ability to convert physiological 
knowledge into applied Veterinary Medicine using Big Data.   

Keywords: dairy cows, data analysis, big data

Introduction

Originally, the emphasis in veterinary medicine has been on the individual cow 
affected with a clinical disease. However, about 30 years ago it was recognized 
that subclinical disease was the major cause of economic losses in dairy herds. 
The multifactorial origin of most subclinical disease was examined during regular 
herd visits by veterinarians. This turned out to be effective in improving the overall 
health status of the herd, hence profitability. The approach was called herd health 
management (Brand et al., 1996) and has been taught to veterinary students over 3 
decades at the Department of Reproduction, Obstetrics and Herd Health (ROHH). In 
Belgium, as in other parts of the world, the number of herds is declining whereas the 
number of animals per herd is increasing (Figure 1.). 
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Figure 1. Number of cows and holdings in Belgium.

Although the individual physiological and pathophysiological principles remain 
valid in the current veterinary curriculum, herd health management is becoming 
more important. Herd dynamics are complex and the multifactorial origin of most 
subclinical disease asks for profound analysis of the herd records. The first computer 
was bought at the Faculty of Veterinary Medicine in the early 80s and placed at 
ROHH to store data from cows subjected to examination during herd health visits. 
Over the last decades, technologies to collect and store data have been evolving 
at a quicker pace compared to the speed at which new insights in dairy and beef 
science have been discovered. For example, in 1984 it was estimated that a software 
program to manage 100 farms with 100 cows each, would need about 6 Mb storage 
capacity on a yearly base (Noordhuizen and Buurman, 1984). Thirty years later a 
computer memory of 256 GB is insufficient to manage a mating program for 230000 
cows, each with 45187 SNP genotypes (Sun et al., 2013). Typically, data is stored 
on farm with a focus on reproduction and production parameters. Recently, this has 
been increased with a vast amount of data coming from new so called precision 
livestock (PLF) technologies. This includes rectal, vaginal and ruminal temperature 
data loggers, accelerometers, automated weight scales, 3D-imaging technologies 
and many others. However, they commonly create a bulk of data which is stored in 
on-farm databases that do not reach the veterinary or scientific community. This has 
been described as ‘data lakes’ by Dixon (2011). Decisions on how the industry is 
going to handle the big data phenomena will shape the future of modern farming and 
the related research (Boyd and Crawford, 2012). All efforts however should focus 
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on the fulfilment of the data-information-knowledge-wisdom chain, and ameliorate 
implementation of Big Data architecture (Figure 2.). The objective of the current 
initiative is to help re-establish that veterinary link to on-farm data by including 
exploration and mining tools for Big Data in the veterinary curriculum.

Figure 2. The data-information-knowledge-wisdom chain and translation to Big 
Data architecture.

Material and Methods

The proposed project has been part of a bigger roadmap which the ROHH department 
started to implement in the veterinary curriculum. The collection and analysis of 
large amounts of data is a rapidly evolving research field with development of several 
techniques to get the maximum of information out of data (Greene et al., 2014). 
Data concerning dairy cattle are collected in several ways and has been accelerated 
through the concept of Internet of Things. To store this vast amount of data in a 
proper way, a DairyDataWarehouse has been developed in collaboration with our 
research group (www.dairydatawarehouse.com). This data warehouse is able to store 
and aggregate incoming data streams from different farms and data sources. 

As a first goal, veterinary students were taught to interpret the production, 
reproduction and health parameters calculated on this dataset and benchmark 
against trade-offs. Since 2012, students were trained in the process of herd records 
exploration and assess the productive and reproductive status of the herds. This 
basic approach resulted in some considerations for further developments. First, new 
tools must be simple but not simplistic. The technical hurdles must be as low as 
possible to get access to any educational platform. However, simple correlations are 
insufficient to separate cause and effect (underlying relations). By using adequate 
methods of data-reduction and analysis a more thorough analysis of herd records 
could be achieved. Second, new tools must be accessible anytime at any place and 
anyhow and adapt to the new technologies such as mobile devices and wearables. 
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Mobile devices are prominently spread amongst students. An educational platform 
should be compatible with these new technologies to stimulate enrollment and 
continued use.

Until now and to our most recent knowledge, there does not exist any integrated 
platform that allows educational access to Big Data from dairy herds. Bovi-Analytics 
is a new initiative to allow veterinary students and dairy scientists continuous 
access to up-to-date herd records collected in a data warehouse on top of which 
analytical tools can be implemented. The user friendly oriented platform allows 
efficient data analysis and offers machine learning tools for automated knowledge 
discovery which can be easily shared and communicated. On top, efforts have been 
made to link the up-to-date data to Business Intelligence (BI) tools such as Power-
BI (Microsoft, Seattle, US). BI tools are a type of application software designed 
to easily retrieve, analyze and report data for business intelligence in many other 
industries. The tools generally read data that have been previously stored, often, 
though not necessarily, in a data warehouse or data mart. The overall goal remains 
to ease simple but non-simplistic interpretation of the large amount of data available 
in the data warehouse.

Conclusion

The Bovi-Analytics platform facilitates the exploration, analysis and reporting of 
the data present in the DairyDataWarehouse. Veterinary master and PhD students, 
and hence future veterinarians are encouraged to use the presented toolkit to improve 
their skills to convert physiological knowledge into applied veterinary medicine.
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Abstract

The behavioral activities of cows and thereby their time-budgets are affected 
by many internal and external factors in intensive dairy production. This 
observational study offers descriptive results of estimated, simple cow time-
budgets using a Real Time Location System (GEA CowView) in two Danish 
dairy herds (sized approx. 350-400 lactating cows per herd). Both herds were 
loose housing systems with slatted floors and mattress cubicles. Farm 1 had a 
rotary milking system (3x milking) with lactating cows divided into five groups 
of different group sizes. Farm 2 had an automatic milking system with guided 
cow traffic and the lactating cows divided into eight groups, four production 
groups and four welfare / treatment groups. Based on positions from the real 
time location system (RTLS) behavioral activities were defined as total distance 
traveled and time spent in different activity zones: time in bed, time in alley 
ways, time at feeding table, and time in milking waiting areas. Twenty-four-hours 
accumulated behavioral activities were summarized for all cows in milking during 
a 7-day trial period per herd. Output from the descriptive analysis focused on the 
overall average and variability in 24-hour’s time-budgets between farms, group-
wise with-in farm and the between-cows with-in farm. Results showed that these 
two herds had similar average time-budgets despite differences in production 
facilities. Variability between animals with-in farm was estimated to be higher in 
Farm 2 with automatic milking system than in Farm 1 with conventional rotary.

Keywords: cow time budget, real time location

Introduction

Cow time-budgets are affected by a wide range of factors including animal specific 
characteristics (e.g. parity, stage of lactation, disease), external environmental 
factors (e.g. barn design, climate) and management (e.g. stocking density, 
feeding) (Deming et al., 2013; Gonzalez et al., 2008; Cook et al., 2007, Gomez 
and Cook, 2010, Nielsen et al., 2000). Positioning based on indoor Real Time 
Location Systems (RTLS) can provide data to produce estimates of simple time-
budgets in terms of time spent in different activity zones (e.g. at feeding table, in 
bed) within a production system (Fontana et al., 2015). Furthermore, including 
distance travelled over time in the alley ways and in the milking waiting areas of 
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the barns would add additional information on individual cow and herd activity. 
This offers a whole new basis for herd health and production monitoring, if we 
are able to convert knowledge of estimated time-budgets at herd, barn, group, 
and individual animal levels in large, intensive dairy productions into actions 
that can improve animal health, welfare and production. The purpose of this 
study was to give a short presentation of overall average and variation in such 
estimated time-budgets at two commercial large dairy herds in Denmark.

Material and methods

Continuous logging of individual cow positions using RTLS (GEA CowView, 
up-link frequency 1 Hz) was performed for seven full days in two Danish dairy 
herds in November 2014. The herds offered approx. 350-400 lactating cows each. 
Both herds had loose housing systems with slatted floors and mattress cubicles. 
Farm 1 was equipped with a rotary milking system (3x milking), used TMR 
feeding and kept the lactating cows divided into five groups of different group 
sizes. Farm 2 was an automatic milking herd with guided cow traffic where 
the lactating cows were divided into eight groups, four production groups and 
four welfare / treatment groups. At Farm 2 a mixed feed ration plus concentrate 
feeding in the milking robots was applied. 
Based on positioning data and zone layout of the barns, 24 hours accumulated 
time spent in different behavioural activity zones was calculated at cow-level. 
These activity zones included the alley ways, cubicles as bed areas, the feeding 
tables, the milking waiting areas, and an unknown zone category for time spent 
in areas of the barn where positions could not be assessed. Furthermore, when 
cows were classified in the alley ways or in the milking waiting area distance 
travelled was calculated. Only cows with a full record of seven days in milking 
during the logging period were included for further analysis yielding 342 cows in 
Farm 1 and 370 cows in Farm 2. As some transfer of cows between barn-groups 
happened during the trial, cow barn-group affiliation was assigned on a daily 
basis as the barn-group in which each cow spent most time. In Table 1 average 
daily group sizes are shown for the two herds.
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Table 1. Average number of cows per group per day within each farm.

Farm Group ID Average number of cows (STD)

1 Late lactation (1) 48.3 (2.0)

High somatic cell count (2) 26.1 (0.7)

2nd + lactations (3) 130.6 (0.8)

1st lactations (4) 123.1 (0.9)

Fresh cows (5) 13.9 (2.5)

2 Production 1 (P1) 109.6 (1.6)

Production 2 (P2) 96.9 (1.1)

Production 3 (P3) 86.7 (1.0)

Production 4 (P4) 37.7 (1.3)

Welfare / treatment 1 (W1) 12.3 (1.7)

Welfare / treatment 2 (W2) 11.1 (1.1)

Welfare / treatment 3 (W3) 10.4 (1.0)

Welfare / treatment 4 (W4) 5.3 (1.3)

For the descriptive analysis, average and standard deviation of daily time spent 
in the different activity zones and of the distance travelled by herd, by group 
within herd, and by animal were calculated and presented in column diagrams 
(herd-level), table (group-level) and in histograms including normal density 
plots (animal level).

Results and Discussion

Herd average and variability
Figure 1 and 2 show herd level averages and variability for time spent in the 
different behavioural activity zones and distance travelled in the alley ways and 
in the milking waiting area. In general, variability within herd seemed larger in 
Farm 2 than in Farm 1. The differences in average time spent in the different 
behavioural activity zones between the herds including the milking waiting areas 
were only minor despite the difference in milking system (3x milking in rotary 
versus automatic milking system with guided cow traffic). For comparison, 
Gomez & Cook (2010) reported an overall average time-budget of 16 freestall 
barns to be 2.7 hours in milking per day, 4.3 hours at feed bunk, 2.5 hours in 
alley, and 14.6 hours in bed per day. 
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Figure 1. Average time-budgets in lactating dairy cows in two Danish dairy herds 
estimated using RTLS. Error-bars indicate one standard deviation.

Figure 2. Average daily travelled distance in alley ways and in milking waiting areas 
of lactating dairy cows in two Danish dairy herds estimated using RTLS. Error-bars 
indicate one standard deviation.
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Group average and variability
Table 2 shows group-level averages and variability for time spent in the different 
behavioural activity zones and distance travelled. In Farm 1, cows in smaller groups, 
especially group 1 and 2 seemed on average to spend more time in bed, less time in 
alley, less time in the milking waiting area than the larger groups (3 and 4). In Farm 
2 it was more or less the other way around: the smaller groups (W1-W4) spent less 
time in bed, more time in the alley ways, and more time in the milking waiting areas 
than the larger groups (P1-P4). 

Table 2. Group-wise average time-budget and daily distance travelled in lactating 
dairy cows in two Danish dairy herds estimated using RTLS. 

Farm Group

Average estimated time-budget
Hours (STD) Average daily 

distance 
Meters (STD)In alley In bed At 

feeding
In milk 
waiting Unknown

1 1 3.2 
(1.3)

14.7 
(2.1)

3.9 
(1.0)

1.9 
(0.4)

0.3 
(1.1)

1654.4 
(493.8)

2 3.4 
(1.6)

14.4 
(2.1)

4.1 
(1.2)

1.8 
(0.3)

0.2 
(0.1)

1453.9 
(314.2)

3 3.9 
(1.6)

13.5 
(2.2)

4.0 
(1.2)

2.3 
(0.7)

0.3 
(0.2)

1973.1 
(756.6)

4 3.6 
(1.6)

13.9 
(2.1)

4.0 
(1.0)

2.2 
(0.7)

0.3 
(0.7)

2030.8 
(960.3)

5 4.3 
(1.3)

13.9 
(1.9)

4.1 
(1.2)

1.4 
(0.6)

0.3 
(0.2)

2010.4 
(564.9)

2 P1 3.1 
(1.4)

14.9 
(2.4)

4.0 
(1.3)

1.7 
(1.3)

0.3 
(0.2)

1938.5 
(895.3)

P2 3.2 
(1.6)

14.8 
(2.7)

4.2 
(1.4)

1.6 
(1.4)

0.3 
(0.8)

1904.6 
(1077.1)

P3 3.8 
(1.5)

14.0 
(2.4)

4.5 
(1.1)

1.6 
(1.4)

0.2 
(0.1)

2089.8 
(997.4)

P4 2.7 
(1.2)

14.6 
(2.6)

3.7 
(1.6)

2.8 
(2.3)

0.2 
(0.1)

1880.0 
(871.99)

W1 4.7 
(2.1)

12.3 
(3.0)

3.1 
(1.2)

3.3 
(2.2)

0.7 
(2.3)

2614.5 
(1518.1)

W2 4.0 
(1.7)

12.8 
(2.1)

4.1 
(1.2)

2.8 
(2.2)

0.3 
(0.2)

2147.8 
(691.7)

W3 6.1 
(3.4)

12.3 
(3.7)

3.3 
(1.1)

1.5
(1.2)

0.3 
(0.2)

2382.1 
(1148.5)

W4 4.7 
(1.8)

12.6 
(2.0)

3.5 
(1.2)

2.9 
(1.4)

0.3 
(0.1) 

2680.0 
(1017.2)
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The more labile nature of the four welfare/treatment groups at Farm 2 most 
probably added substantial variability as these were of a more temporary nature 
including both high active (cows in estrous selected for insemination) and low 
active (diseased cows selected for treatment). Furthermore, these groups only 
had access to the milking robots during certain time intervals of the day.

Animal average and variability
Figure 4 to 8 show histograms including normal density plots for animal average 
time-budgets and daily distance traveled with-in herd.

As stated earlier, the data reveals higher variability in average daily activities in 
Farm 2 compared to Farm 1. In itself, extreme values e.g. less than two hours 
at the feeding table (Figure 5), more than 18 hours in bed (Figure 6), or more 
than five hours in the milking waiting area (Figure 7) would be incentive for 
focusing on the animals in question and do immediate intervention. Using RTLS 
in this way would be useful for identification of outliers in terms of individuals 
with potential problems that should be examined. Furthermore, at herd-level it 
must be important for management to know the proportion of the herd that is 
spending more than 3.5 hours in the milking waiting areas (see Figure 7) as this 
forces cows to sacrifice some other behaviors – inevitably time in bed or at the 
feeding table – which may reduce health and productivity of the herd (Grant, 
2011). Yet another example would be to monitor how changes in feeding strategy 
affects the efficiency of the herd and the animal focusing on time spent at the 
feeding table and the number of visits necessary to constitute a meal and try to 
optimize this from the animal’s point of view. Finally, the perspectives in taking 
on a multivariate approach to develop animal-level and herd-level algorithms for 
health, welfare and production management using positioning with other sensor 
technologies would indeed be interesting to explore.

 

Figure 4. Histogram and 
normal density plot of cow 
average daily time (hours) 
spent in alley ways in two 
Danish dairy herds estimated 
using RTLS.



Precision Livestock Farming ‘15746

Figure 5. Histogram and 
normal density plot of cow 
average daily time (hours) 
spent at feeding tables in 
two Danish dairy herds 
estimated using RTLS.

Figure 6. Histogram and 
normal density plot of cow 
average daily time (hours) 
spent in bed in two Danish 
dairy herds estimated using 
RTLS.

Figure 7. Histogram and 
normal density plot of cow 
average daily time (hours) 
spent in milking waiting 
areas in two Danish dairy 
herds estimated using 
RTLS.
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Conclusions

The descriptive results in this study showed that these two herds had similar average 
time-budgets despite differences in production facilities. Variability between animals 
with-in farm was higher in Farm 2 with automatic milking system than in Farm 1 
with conventional rotary. 
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Abstract

Cow movement monitoring systems (CMMS) can capture the activity of cows and 
are especially used for heat detection. To determine the lying time of cows special and 
generally very expensive CMMS, created for research purpose, are used. The Israeli 
company ENGS developed a Pedometer (System Track A Cow) that is measuring the 
activity of the cows, as well as the lying time by an absolute position transducer. This 
CMMS is commercially available and its price is comparable to other heat detection 
systems on the market.
The summarized data of the pedometers are transmitted every 6 minutes by an antenna, 
which has a range of 2,000 m (manufacturer information). Because of the antenna no 
additional gates or readers inside the barn are needed.
In our trial we used the pedometers among other technique (e.g. heartrate belts) at 58 cows 
in the barn of the Bavarian State Research Centre for Agriculture to monitor behavioural 
changes, during heat stress under Bavarian climate conditions and to determine the 
influence of cooling fans. 
The aim of this study was to evaluate the CMMS. Therefore the pedometer data of focus 
cows were compared with that got by video recording during the project. The research 
barn has also ultrasonic sensors above the cubicles which can monitor every 4 seconds 
if a cow is lying or standing in the box. So we also compared the lying data of the 
pedometers with the data from the ultrasonic recordings.
The results show, that the ENGS pedometers overestimate the lying time of a single 
lying bout in most cases (82.3%) compared to the actual lying time observed by video 
recording. At the same time they underestimate the number of lying bouts. The reason 
therefore is the lack of recording disruptions in lying periods by the ENGS pedometers 
as well as the transmission interval of the summarized data every 6 minutes. The mean 
difference of the lying time per day of pedometers compared to video recording was 22 
minutes (standard deviation ± 32 min), which accords to a percentage of deviation of 3.3 
% compared to the actual lying time per day.
So we concluded that the ENGS-pedometers are a good tool for measuring lying time of 
dairy cows per day, with a small disadvantage in underestimating the actual number of 
lying bouts and overestimating the lying time per lying bout. ENGS already reacted to 
this inaccuracy by decreasing the transmission interval from 6 to 2 minutes.

Keywords: Pedometer, lying time accuracy
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Introduction

For some years cow movement monitoring systems (CMMS) are already used to 
determine the activity of cows for heat detection. Therefore several systems are 
commercially available on the market. Up to 90 % of heats can be recognized 
by these CMMS (Firk et al., 2002; Wangler et al., 2007). A majority of these 
systems is restrained to measure movement activity only. In more recent years 
the CMMS were improved and their functions advanced so they can record lying 
times as well by absolute position transducers. This can be used for monitoring 
the behaviour of the animals and the herd health. 
For research purpose special and generally very expensive movement monitoring 
systems are used, like the ALT – Pedometer, to determine continuously the lying 
times of cows. Now the question arises if a correct determination of lying times 
is also achievable by low priced, commercially available CMMS, like the ones 
offered by GEA, LemmerFullwood, Dairymaster, SCR or ENGS for example.
The aim of this study was to evaluate the accuracy of the ENGS pedometers 
for research purpose, especially for displaying the lying behaviour during heat 
stress.

Material and methods

During the summer of 2014 58 cows of the AMS herd at the research barn of the 
Bavarian State Research Centre for Agriculture were equipped with pedometers 
of the Israeli company ENGS, in line with the project “heat stress in dairy cows”. 
The aim was to determine and document changes in lying behaviour caused by 
heat stress.
We decided to use the pedometer system of ENGS because we weren’t able to 
use neck collars due to the installed weighing troughs at the feeding bunk and the 
system offered the most frequent recording of all commercial available CMMS 
at that time. 
The data logger at the leg of the cow has a rigid plastic housing of 68.8 mm x 
50.7 mm x 26.5 mm and weighs 75 g. It will be fixed to the front leg of the cows 
shortly above the fetlock, lateral at the metacarpus by means of a strap. The up 
side, marked at the pedometers, faces upwards (Fig. 1). The pedometer measures 
acceleration at a frequency of 1,000 Hz. The data recorded by the pedometer 
will be transmitted wirelessly every six minutes to an antenna with a receiver 
which is connected to an on-farm computer via a RS485 cable. The antenna has 
a range of 2.000 meters (manufacturer information), so no additional reading 
station inside the barn is necessary. 
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Fig. 1: ENGS pedometer fixed at the front leg of a test cow

The lying behaviour of focus cows has been recorded continuously during three trial 
periods by Mobotix IP cameras. Unfortunately only two cameras were available, so 
only a part of the lying area could be observed (Fig. 2). Additionally the barn has 
ultrasonic sensors (UM 30-14114, Sick AG) above each lying cubicle in a height 
of 2.5 meters. They measure the distance between the sensor and the ground or the 
lying and standing animal, respectively, sample the status every four seconds and 
store the data at a computer.
So the data of the lying periods were recorded during 15 experiment days by video 
recording, ENGS-pedometers and ultrasonic sensors.

Fig. 2: Visual Range (         ) of Mobotix video – camera (1 and 2) in the research barn 
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On lying period was divided into several lying bouts by short disruptions (standing 
up and lying down again). 
The differences between the lying time per day and per lying bout recorded by the 
pedometers and the ones visually observed from video recording were calculated. 
Equally the differences between lying times of pedometers and ultrasonic sensors, 
for each observed lying period.
The analysis of the data was evaluated by Microsoft Excel 2010.

Results and Discussion
 
Comparison pedometers and video recordings 
A number of 361 single lying bouts were observed of 32 different cows by video 
recording and pedometer.
The mean lying time per lying bout recorded by pedometers was 79 minutes with a 
standard deviation of ± 71 min. The minimum was 6 min, the maximum 408 min.
For video recordings the mean lying time per lying bout was 77 min. The standard 
deviation amounts ± 69 min. A minimum of 5 min and a maximum of 404 min were 
observed.
The difference of the lying time was calculated by subtracting the lying time 
measured by pedometers from the one measured visually by video recording. The 
mean difference was 4 min with a standard deviation of ± 8 min. 
As you can see in figure 3 only 5.3 % of the lying time measured by pedometers and 
video recording were concurrent. In 82.3 % of all lying bouts the actual lying time 
was overestimated by the pedometers, but also an underestimation could be seen for 
12.5 % of all lying bouts.
The pedometers differed from the actual lying time observed by video recordings by 
a ratio of 5 % on average, with a standard deviation of ± 14 %.
The main reason for the overestimation of lying time by the pedometers is the lack 
of recording short disruptions. Most of the cows stood up during a lying period for a 
few minutes and laid down again. So we could observe a number of 485 lying bouts 
by video recordings during trial time, but only 374 lying bouts were recorded by the 
pedometers. Furthermore the transmission interval of 6 minutes for the pedometers 
allows up- and downward variations in lying time.
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Fig. 3: Frequency of deviation from the actual lying time (black) and percentage of 
each deviation (grey) between pedometers and video recordings for a number of 361 
lying times

Comparison pedometers and ultrasonic sensors 
For the comparison of the pedometers with ultrasonic sensors 236 single lying bouts 
could be observed of 27 different cows. Only periods were taken into account where 
the recordings of the ultrasonic system showed unambiguous assignment to a lying 
bout of a cow. 
The mean difference in lying time per lying bout between pedometers and ultrasonic 
sensors was 5 min. The standard deviation amounts ± 6 min. 
Figure 4 shows the frequency of deviation of the pedometers from the actual lying 
time measured by ultrasonic sensors. Here you can also see that the pedometer 
system overestimated the lying time in 83.1 % of all lying bouts. The actual lying 
time was underestimated by 10.6 %. 6.4 % of all lying bouts had a congruent lying 
time of pedometers and ultrasonic sensors.
This means, the lying time showed by the ENGS system differed from the actual 
lying time measured by ultrasonic sensors by 6 % on average. The standard deviation 
amounts ± 18 %.
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Fig. 4: Frequency of deviation from the actual lying time (black) and percentage of 
each deviation (grey) between pedometers and ultrasonic sensors for a number of 
236 lying times

Comparison of daily data of ENGS-pedometers and video recording
Because just a part of the barn could be observed by video recording we were 
able to evaluate the data of only 4 different cows for a total of 12 days.
The mean lying time per day of these 4 cows measured by video recordings was 
688 min (11 h 28 min), with a standard deviation of ± 151 min. The maximum 
daily lying time was 1078 min (17 h 58 min) the minimum 583 min (9 h 43 min). 
The mean daily lying time recorded by the pedometers was 702 min (11 h 42 
min). The standard deviation amounts ± 141 min, the maximum 1096 min (18 h 
16 min), and the minimum 607 min (10 h 7min) (Tab. 1). 
The mean difference of lying time per day and cow between pedometers and video 
recording was 22 min, with a standard deviation of 32 min. So the percentage of 
the deviation of the pedometers compared to the actual lying time per day was 
3.3% (standard deviation ± 4.5 %).
The number of lying bouts per day observed by video recording was 12 in 
average. The standard deviation amounts ± 3 lying bouts, the maximum 16 and 
the minimum 8 lying bouts per day. The average lying time per lying bout was 
51 min, with a standard deviation of ± 39 min, a maximum of 200 min and a 
minimum of 5 min.
In contrast the mean number of lying bouts per day recorded by ENGS – 
pedometers was 9 (± 1). The maximum lying bouts per day had been 12, the 
minimum 7. The average lying time per lying bout was 60 min. The standard 
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deviation amounts ± 65 min, the maximum lying time per lying bout was 357 
min, the minimum 7 min.
The pedometer counted 3 (± 2) less lying bouts in average than observed by 
video recording. This is due to not recognizing short disruptions between single 
lying bouts of a lying period by ENGS-pedometers. During the consideration of 
daily data you can find an overestimation of the actual lying time per day by the 
pedometers. The reason therefore is the transmission interval of the summarized 
data every 6 minutes.
For a better comparison of pedometers and video recording the short disruptions 
of lying time in the actual lying time, that weren’t observed by pedometers were 
removed. After this was done, we compared the lying time and lying bouts per 
day of video recording and pedometers again. For both a mean of 7 lying bouts 
(± 1) per day were found, with a maximum of 11 lying bouts per day and a 
minimum of 7. 
For video recordings (without disruptions) we observed a lying time per day of 
697 min (11 h 37 min) ± 150 min. The maximum lying time per day (without 
disruptions) was 1085 min (18 h 5 min), the minimum 601 min (10 h 1 min). The 
mean lying time per pedometer (without disruptions) was 723 min (12 h 3 min), 
with a standard deviation of ± 145 min, a maximum of 1117 min (18 h 37 min) 
and a minimum of 613 min (10 h 13 min) (Tab. 1). The mean difference of lying 
time per day of pedometer and video recording without disruption was the same 
as with short disruptions (22 min). The standard deviation amounts ± 19 min. 
The percentage of deviation of lying time per day measured by pedometer and 
the real lying time per day observed by video recording was 2.9 %. The standard 
deviation amounts ± 2.5 %.
These results also show that the overestimation of the actual lying time per 
day is not only because of missing disruptions of lying time, but also due to 
the transmission interval of the summarized data every 6 minutes. The low 
percentage of deviation of the pedometers compared to the actual lying time 
(without disruptions) per day of 2.9 % (± 2.5 %) indicate, that the ENGS system 
can be used well for assessment of the lying time per day.
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Table 1: Results of lying time and lying bouts per day of actual video recording and 
ENGS – Pedometer and video recording and ENGS-Pedometer without disruptions 
of lying periods (number of cows: 4; days of investigation: 12)

Actual Video 
Recording

Actual ENGS 
- Pedometer

Video Recording 
without disruptions

ENGS – Pedometer 
without disruptions

Mean lying time / d 
[min] 688 702 697 723

Standard deviation 
[min] 151 141 150 145

Max. lying time / d 
[min] 1078 1096 1085 1117

Min. lying time / d 
[min] 583 607 601 613

Mean difference 
pedometer – video 
recording / d [min]

22

Standard deviation 
[min] 32

Max. difference 
pedometer – video 
recording / d [min]

67

Min. difference 
pedometer – video 
recording / d [min]

- 42

Mean lying bouts / d 12 9 7 7
Standard deviation 3 2 1 1
Max. lying bouts /d 16 12 11 11
Min. lying bouts / d 8 7 7 7

Conclusion

The pedometer system of ENGS (“Track a cow”) is a low priced alternative to special 
CMMS, like the ALT-Pedometer tool for recording lying time per day of individual 
cows under field conditions. The system has some disadvantages regarding number 
of lying bouts per day and lying time per single lying bout. Lying bouts per day were 
generally underestimated because the system didn’t recognize short interruptions of 
lying periods due to the 6 minutes transmission interval of the summarized data. This 
lack of recognizing disruptions of lying periods along with the transmission interval 
every 6 minutes is also the reason for overestimating lying time per lying bout. 
ENGS already reacted to this inaccuracy by decreasing the transmission interval 
from 6 to 2 minutes. 
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Abstract

The study objective was to compare three methods of measuring body temperature in 
the bovine. The methods used were (a) rumen bolus (b) tympanic logger and (c) rectal 
thermometer. Cow TempTM rumen bolus (Innotek) was used to monitor deep body 
temperature. The boluses were administered orally to eight Charolais × steers (mean 
body weight 500 (± 24) kg.  The steers were housed in a slatted floor shed at a space 
allowance of 3 m2/head and fed silage ad libitum and 6 kg of concentrates/head daily. 
Telemetry transmitters (T) were inserted into the left ear of the same eight steers and 
temperatures were recorded during the same 5-day period.  Rectal temperatures (R) were 
taken every hour over the same period using a digital thermometer (Jorgen Kruuse A/S. 
Model VT-801BWC Lot No 0701).  The steers remained in their pens during the period 
of temperature recording. On days 1, 4 and 5 the B temperature measurements were 
greater than the R or T (P < 0.05). The average temperatures recorded over the 5-day 
period for B, R and T were 39.0 oC, 38.4 oC and 38.2 oC,  respectively. There was no 
difference between R and T (P > 0.05).  The overall correlation coefficients for B and R 
were 0.34, B and T 0.65 and R and T 0.80. 
Rumen boluses are an efficient method of transmitting body temperatures in cattle. 
Body temperature can be logged from the ear in cattle fitted with a telemetric tympanic 
membrane sensor. Both methods require further refinement of the technology to allow 
them to be used routinely.

Keywords: cattle, temperature, bolus, telemetry

Introduction

Radiotelemetry is a powerful technology for long-term monitoring of physiological 
functions, including heart rate, blood pressure, core body temperature, electrocardiograms 
(ECG) and electroencephalograms (EEG) in a non-invasive manner. Body temperature 
is a good indicator of stress in all species. In poultry, for example physiological data 
can act as an immediate indicator of stress (Kettlewell et al 1997).  Body temperature is 
a good indicator of stress in all species.  In poultry for example physiological data can 
act as an immediate indicator of stress (Hamrita et al., 1997;  Kettlewell et al., 1997).  It 
is important that variables are measured without disturbing the natural behaviour of the 
animal.  Many studies have been conducted using telemetry systems to measure body 
temperature in bovine animals (Hahn 1999; Lefcourt and Adams, 1996; 1998; Bergen 
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and Kennedy, 2000; Brown-Brandl et al., 2001; Bewley et al., 2007; 2008a; 2008b).  
Hetzel et al. (1987) measured body temperature using subcutaneous transmitters.  
Temperatures from the transmitters were 0.2oC greater than rectal. The overall correlation 
between implanted and rectal temperature was 0.96.  Kort et al. (1998) had varying 
results using a subcutaneous transponder when compared with rectal temperature in 
mice.  Differences between transponder transmitted and rectal temperatures were large 
(P < 0.001).  Hahn et al. (1990) reported that rectal and tympanic temperatures were 
very similar, (P>0.05) but tympanic was affected by ambient.  Brown Brandl (2001) 
reported significant differences (P<0.05) between tympanic and rectal temperatures.  A 
number of other studies using heifers observed that tympanic temperature was affected 
by ambient temperature (Lefcourt and Adams, 1998; Hahn et al., 1990; Hahn, 1999). 
More recently, sensors for intraruminal insertion through the oesophagus (boluses) 
have been developed as a non-invasive alternative to surgery (Dye et al., 2007; 2008; 
Ipema et al., 2008; Sims et al., 2008; Small et al., 2008; Timsit et al., 2010). Dye et al. 
(2007) reported radiotelemetric boluses have the potential to detect body temperature 
increases due to bovine respiratory disease (BRD) and bovine viral diarrhoea (BVD) 
in beef cattle. The use of reticulorumen boluses have been reported to have a positive 
predictive value of 73% for identifying animals infected with BRD when compared with 
a physical examination (Timset, 2011). Tympanic bulla temperature can be monitored 
using a portable data logger attached to a thermistor. Temperature readings obtained 
with tympanic thermometers have been correlated to rectal temperature (Davis et al., 
2003; Mader et al., 2002) and tympanic temperature has been shown to increase 0.78oC 
and 0.65oC by moving cattle around in the summer and winter, respectively (Mader et 
al 2005). Sievers et al. (2004) suggested that an intraruminal measuring system would 
be advantageous because it is independent of external disturbing factors, cannot be 
manipulated from the outside, and is less likely to be lost.
  
Objectives

The objective of the present study was to compare three methods of measuring body 
temperature in the bovine and their relationship with ambient temperature.  The three 
methods used were (a) rumen bolus (b) tympanic logger and (c) rectal.

Materials and Methods

Cow TempTM rumen bolus was used to monitor deep body temperature which is 
Innotek’s patented bovine health monitoring system.  It is designed to monitor an 
animal’s body temperature 24 hours a day.  The system is made up of many receiver 
units, and software which runs a PC to perform data processing and create graphical 
displays. The receiver unit has a keypad that enables the user to assign each bolus an 
identification (ID) number.  The user programs this ID number into the bolus using a 
modulated magnetic field generated by the handheld receiver unit.  This programming 
technique allows the user to also program the time interval at which the bolus will 
automatically transmit.  The bolus continuously transmits the cow’s ID number 
followed by temperature at the programmed time interval. 
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The bolus utilises an internal battery for power and contains electronic circuitry for a low-
power, low-frequency receiver; a low-power, high-frequency transmitter; a temperature 
sensor; and a microprocessor to control all circuit functions and timing.  The outside 
diameter of the bolus measures 1 inch and the length is 3.5 inches.  The normal weight of 
the bolus is 116 grams.  Figure 1 shows the bolus used.

Figure 1.

The system used to transmit tympanic temperature was developed by Teagasc and Silsoe 
Research Institute (U.K.).  It comprises of a sensor placed at the end of a probe which 
is placed near the tympanum.  The sensor transmits to a remote unit which is placed in 
the outer ear.  This ‘Remote Unit’, has a number of discrete subsystems: Each unit has 
an on-board microcomputer, responsible for handling communications over the radio 
link, power control, and configuration settings such as the calibration of the temperature 
circuit. Separate analogue signal conditioning circuits provide for the amplification and 
conditioning of the temperature sensor signal. The Radio Module performs the radio 
communication with the remote ‘Base Station’. 

The units communicate via the radio link with a ‘Base Station’ unit, which is connected 
to a standard serial (‘COM’) port on a standard PC. Custom software on the PC, written 
in Visual Basic, sends commands to the Base Station unit for onward transmission to the 
units, and receives data and status information from the tags via the same route.

All units operate on a single common frequency, with bidirectional radio communications 
using digital modulation techniques. Instead of transmitting continuously, each unit 
listens for a request from the Base Station (each unit having it’s own unique address), 
and transmits it’s response on the common frequency only when requested. This single-
frequency operation greatly simplifies the overall system design, and the ‘request and 
response’ protocol allows, in principle, any number of units to be used together. The 
digital modulation techniques allow any number of measured parameters, and complex 
status and command information, to be communicated with ease - the communication 
method is inherently extendable and ‘future-proof’. Figure 2A shows the telemetry 
system and Figure 2B shows the unit which transmits to the base station.
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Figure 2A  Ear Tag Telemetry System 

Figure 2B Tympanic temperature device  
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Boluses (B) were inserted into the rumen of eight Charolais × steers weighing 500 
kg.  The animals were housed in a conventional slatted shed at a stocking density 
of 3 m2.  They were fed silage ad libitum and 6 kg of concentrates. The recording 
frequency of the boluses was set at approximately 8 times every hour. Telemetry 
transmitters (T) were inserted into the left ear of the same eight steers.  Temperatures 
were recorded every minute over the same period of five days.  Rectal temperatures 
(R) were taken every hour over the same period using a digital thermometer (Jorgen 
Kruuse A/S. Model VT-801BWC Lot No 0701).  Animals were not removed from 
their pens during the period of temperature recording.

Results

On days 1, 4 and 5 the B temperature measurements were greater than the R or T at 
P £ 0.05 (Table 1). Over the five days the average temperatures recorded for B, R 
and T were 39.0, 38.4 and 38.2oC,  respectively. There was no difference between R 
and T (P > 0.05).  Table 1 shows the mean temperature recorded by each method on 
days 1-5. 

Table 1.  The mean temperature recorded using three methods (bolus, rectal and 
tympanic) over 5 days in 8 Charolais × steers. 

Day Bolus (B)
oC

Rectal (R )
oC

Tympanic (T)
oC LSD SED

1 39.0a 38.6b 38.2b 0.54 0.31

2 39.2a 38.4ab 38.3b 0.78 0.37

3 39.1a 38.5ab 38.2b 0.72 0.35

4 38.9 a 38.0b 38.2 b 0.51 0.24

5 38.9 a 38.4b 38.3 b 0.42 0.20

Within rows means not having a common superscript differ significantly (P < 0.05).

Table 2 shows the daily and overall correlation coefficients for days 1 to 5. The 
overall correlation coefficients for B and R were  0.34, B and T 0.65 and R and 
T 0.80, respectively. The overall correlation coefficients for ambient temperature 
with B, R and T were  – 0.74, – 0.54 and – 0.76, respectively.  However, there were 
interactions between methods over time which indicates limitations in each method 
of recording temperature.  The correlation coefficient for B with R, B with T,  and R 
with T were variable across the 5 days  (Table 2). 
Figures 3a to 3e represent the temperature profiles (bolus, rectal and tympanic) and 
bolus) for animal ID 296 over 5 consecutive days. 
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Table 2.  Correlation coefficients for days 1-5 and overall (n=8 animals).

Day 1 2 3 4 5 Overall
(d1 – d5)

B/R .50 -.22 .37 -.08 .27 .34

B/T .73 .65 .45 .23 .40 .65

R/T .62 .00 .57 .11 .72 .80

Amb/B -.63 -.29 -.41 -.36 .31 -.74

Amb/R -.42 .14 .18 .17 -.40 -.54

Amb/T -.40 -.62 -.01 -.45 .03 -.76

Discussion

Deep body temperature is an important index of the physiological status of 
an animal.  Physical, chemical and in part biological processes are affected 
by temperature (Hales 1984).  In this study we compared deep body (rumen 
transponder), tympanic and rectal temperatures.  Similar findings were obtained 
by Hetzel et al. (1987).  They found that temperatures transmitted from surgically 
implanted transponders were on average 0.20C greater than rectal temperatures.  In 
contrast Hicks et al. (2001) found temperatures transmitted by boluses implanted 
in the reticulum were similar to rectal temperatures.  Goodwin (1998) found 
that, rectal and subcutaneous temperatures in goats were significantly higher (P 
< 0.05) than tympanic, but rectal and subcutaneous were not different (P > 0.05). 
In horses and sheep rectal temperature was greater (P<0.05) than tympanic and 
subcutaneous and tympanic was greater (P < 0.05) than subcutaneous temperature.  
Studies have compared the relationship of alternative temperature measurement 
devices (Hahn et al., 1990), including intraruminal devices (Hicks et al., 2001; 
Bewley et al., 2008a), with rectal temperature. Studies have compared the 
relationship of alternative temperature measurement devices (Hahn et al., 1990), 
including intraruminal devices (Bhattacharya and Warner, 1968; Hicks et al., 
2001; Bewley et al., 2008a), with rectal temperature. It has been demonstrated 
(Beatty et al., 2008) that rumen temperatures generally follow the same pattern 
as temperatures at other core body locations, with the exception that water 
consumption will create decreases in rumen temperature that can last up to 3.5 h, 
depending on the quantity and temperature of the water consumed (Brod et al., 
1982; Bewley et al., 2008b).
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Figure 3 (a) Bolus, rectal and tympanic temperature recordings for animal 296 on day 1

Figure 3 (b) Bolus, rectal and tympanic temperature recordings for animal 296 on day 2

Figure 3 (c) Bolus, rectal and tympanic temperature recordings for animal 296 on day 3
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Figure 3 (d) Bolus, rectal and tympanic temperature recordings for animal 296 on day 4

Figure 3 (e) Bolus, rectal and tympanic temperature recordings for animal 296 on day 5

Conclusions

These data demonstrate that the rumen bolus is an effective means of measuring 
body temperature continuously.  This work emphasizes that measuring ruminal 
temperature
via radiotelemetry can be more practical than using  a Tympanic device. The failure 
rate of the rumen bolus needs to be reduced.  Temperature can be logged from the 
tympanic membrane accurately.  However securing the probe close to the tympanum 
for long periods is causing problems that need to be resolved before the system can 
be used routinely. 
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Abstract

A normal sign of pro-estrous and estrous in cows in loose housing systems 
includes increased activity and socializing with other sexual active counter mates, 
which results in changes in cow time budgets (24 hour). This observational study 
offers descriptive results of changes in estimated cow time budgets in relation 
to insemination using a Real Time Location System (GEA CowView) in two 
Danish dairy herds. Both herds had loose housing systems with slatted floors 
and mattress cubicles, one had rotary milking system (3x milking) and the other 
automatic milking system with guided cow traffic. Time budgeting included 
behavioral activities based on positions, and was defined as time spent in the 
different activity zones (e.g. time in bed, time in alley ways, time at feeding 
table, and time in milking waiting area) and total distance traveled. Profiles 
and variation in time budget from seven days before insemination to seven 
days after were compared between herds based on 65 inseminations from Farm 
1 and 56 inseminations from Farm 2. Changes due to presumed pro-estrous / 
estrous behavior in relation to insemination were most distinct on the day before 
insemination and most marked for average daily time spent in the alley ways and 
in bed and average daily distance travelled. The changes were more distinct in 
Farm 1 than in Farm 2. Variation in the time-budgets with-in herd was larger than 
the difference in the average time-budgets between herds.

Keywords: estrous behavior, real time location system

Introduction
 
In pro-estrous cows become restless and seek affiliations with other sexual active 
counter mates; this behaviour proceed with courtship and more investigatory 
behaviours and eventually mounting and standing to be mounted in cows 
in estrous (Cavestany et al., 2008). During the restless period cows tend to 
walk more, and spend less time grazing while other animals are devoted to 
their daily normal activities (Cavestany et al., 2008). This has long been the 
biologically background for using pedometers for automated estrous detection 
(van Eerdenburg, 2008) as it is now for using positioning systems for automated 
estrous detection. Positioning based on indoor Real Time Location Systems 
(RTLS) can provide data to produce estimates of simple time-budgets in terms 
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of time spent in different activity zones (e.g. at feeding table, in bed) within a 
production system (Fontana et al, 2015; Sloth et al., 2015). Furthermore, adding 
distance travelled in the alley ways and in the milking waiting areas of the barns 
is both informative and easy with this technology. The purpose of this study 
was to provide information about changes and variation in such estimated time-
budgets in relation to time of insemination in two commercial dairy herds in 
Denmark. 

Materials and Methods

Continuous logging of individual cow positions using RTLS (GEA CowView, 
up-link frequency 1 Hz) was performed in two Danish dairy herds from 
January 6th to February 20th 2015. Both herds had 350-400 lactating cows in 
loose housing systems with slatted floors and mattress cubicles. Farm 1 used 
a rotary milking system (3x milking) and total mixed ration (TMR) feeding. 
Farm 2 was an automatic milking herd with guided cow traffic. At Farm 2 a 
mixed feed ration plus concentrate feeding in the milking robots were applied. 
Cows with only one insemination per estrous cycle (18-22 days) were selected 
during the period. Based on positioning data and zone layout of the barns, 
24 hours accumulated time spent in different behavioural activity zones was 
calculated at cow-level. These activity zones included the alley ways, cubicles 
as bed areas, the feeding tables, the milking waiting areas, and an unknown 
zone category for time spent in areas of the barn where positions could not be 
assessed. Furthermore, distance travelled when cows were classified in the alley 
ways or in the milking waiting area was calculated. Only cows with a full time 
budget record from seven days before until seven days after an insemination 
were included for further analysis, yielding in 65 inseminations at Farm 1 and 
56 inseminations at Farm 2. For the descriptive analysis, average and standard 
deviation of daily time spent in the different activity zones and of the daily 
distance travelled in relation to the day of insemination was calculated with-in 
herd and prepared for presentation as profiles in a graphical herd-comparison. 

Results and Discussion

Figure 1 to 5 show profiles of average daily time spent in the different activity 
zones and average daily distance travelled from seven days before till seven 
days after insemination. Maximum deviations in the time budgets were seen on 
the day before insemination in both herds. The changes were most distinct for 
average daily distance travelled (Figure 1) and average daily time spent in the 
alley ways and in bed (Figure 2 and 3). In general, the changes were more marked 
in Farm 1 than in Farm 2.
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Figure 1. Profiles of average daily distance travelled at two Danish dairy farms 
seven days before till seven days after insemination. Error bars indicate one standard 
deviation.

Figure 2. Profiles of average daily time spent in the alley ways at two Danish dairy 
farms seven days before till seven days after insemination. Error bars indicate one 
standard deviation.
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Figure 3. Profiles of average daily time spent in bed at two Danish dairy farms seven 
days before till seven days after insemination. Error bars indicate one standard deviation.

On average, only small changes were detectable in time spent at the feeding table 
around day of insemination (Figure 4). The increase on day of insemination seen in 
Farm 1 may be due to fixation of cows at the feeding table until insemination had 
been performed.

Figure 4. Profiles of average daily time spent at the feeding table in two Danish dairy 
farms seven days before till seven days after insemination. Error bars indicate one 
standard deviation.

 

 



Precision Livestock Farming ‘15772

Time spent in the milking waiting area seemed to increase more in Farm 2 than 
in Farm 1 (see Figure 5), which may have to do with the milking system on farm. 
Cows in automatic milking systems with pre-selection for milking may determine 
them-selves when to leave the milking waiting area after milking opposite of cows 
in conventional milking systems e.g. rotary.

Figure 5. Profiles of average daily time spent in the milking waiting area at two 
Danish dairy farms seven days before till seven days after insemination. Error bars 
indicate one standard deviation.

In general, variation in the time-budgets with-in herd was larger than the difference 
in the average time-budgets between herds using RTLS-based time-budgets. These 
results encourage and support the development of animal-level algorithms for 
automated estrous detection

Conclusions

Changes due to presumed pro-estrous / estrous behavior in relation to insemination 
were most distinct on the day before insemination and most marked for average daily 
time spent in the alley ways and in bed and average daily distance travelled. The 
changes were more distinct in Farm 1 than in Farm 2. Variation in the time-budgets 
with-in herd was larger than the difference in the average time-budgets between herds. 
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Abstract

An influencing factor in the uptake of automatic milking systems by dairy farmers 
is the perceived reduction of labour requirements. The aim of this study was to 
examine the influence of automatic milking technology on labour input compared 
to conventional milking systems. Seven automatic and ten conventional milking 
farms participated in a year-long study. All farm operators were provided with a 
specially designed SMART phone application, on which they recorded the duration 
of pre-defined tasks they performed throughout the day. These recordings were 
carried out on three consecutive days per month. The majority of tasks were similar 
for both automatic and conventional milking farms except for the milking process. 
The average total dairy labour input was 16 and 25 hours/cow/year for automatic 
and conventional milking farms, respectively. Time associated with the milking 
process was reduced with automatic milking (2.16 hours/cow/year) compared with 
conventional milking systems (9 hours/cow/year). Due to the greater emphasis on 
grass allocation in automatic systems, the daily duration spent allocating grass was 
greater (00:26) (hh:mm) for automatic farms compared to the conventional milking 
farms (00:06). These results show a labour reduction with the automatic milking 
systems compared to conventional dairy farming integrated with grazing and provide 
objective information for farmers considering converting to an automated milking 
system where the availability of skilled labour is an issue.

Keywords: automatic milking system, labour input, milking process 

Introduction

The abolition of milk quotas in Ireland is expected to lead to a targeted increase 
in milk production of 50% by 2020 (DAFM, 2010). This increase in milk output 
is expected to be achieved by an increase in cow numbers and herd sizes, with an 
expectation that up to 60% of herds will expand. However, this expansion will lead 
to an increase in the requirement for skilled labour. However, as the availability of 
skilled labour is recognised as a constraint on expanding dairy farms, it is likely 
that farmers will look towards automation as a means of overcoming this difficulty. 
Research by O’Brien et al. (2007) demonstrated that when the adaption of new 
technology was combined with good operator skill it led to reduced labour input.
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If automatic milking (AM) systems are to be adapted to reduced labour input on 
dairy farms in Ireland they will have to be successfully integrated with grazing. 
The majority of farms in Ireland breed their cows to begin milking in spring 
in conjunction with the commencement the grass growing season, with grass 
forming the largest proportion of the diet until cease of lactation in the autumn. 
Dillon et al. (2005) showed the strong relationship between costs of production 
and proportion of grazed grass in the diet, with an increase in the proportion of 
grass in the diet associated with a decrease in production costs. This highlights 
the importance of grazing and emphasises how vital incorporating AM with 
grazing will be for future farm economic sustainability. However, the use of 
grazing allocations (Lyons et al., 2013) to motivate cows to visit the milking 
unit in an AM system may require greater management of grazing not previously 
required in a conventional milking (CM) system combined with grazing.
A previous labour study (O’Donovan et al., 2008) established that the milking 
process on CM farms accounted for 34% of total dairy labour input. Studies by 
(Sonck, 1995)  and (Mathijs, 2004) examined the impact that AM had labour 
requirements, with the latter ascertaining that after the introduction of AM, total 
labour requirements reduced by 21%. However, a comparison has yet to be made 
between a CM and AM systems in a grass based system. Thus, the objective of 
this study was to quantify the labour requirement in pasture based dairy systems 
operating with CM and AM systems over a year long period.    

Materials and Methods

A group of commercial dairy farmers having conventional (n=10) and automatic 
(n=7) milking systems were selected to record on-farm working time data. 
Groups of 60 and 20 dairy farmers with conventional and automatic milking 
systems, respectively, were initially selected from established dairy farmer 
discussion groups. Willingness to partake, co-operate and accurately record data 
monthly were the main criteria necessary for selection. Individual invitations 
(letter/email) were sent to those farmers outlining the purpose of the study. Of 
these farms, 10 and 7 conventional and automatic milking farmers agreed to 
participate in the study in year 1 (March 2014 to February 2015). The CM farms 
had an average cow herd size of 127 (range 69-186) while the AM farms had an 
average herd size of 102 (range 65-194). All farm operators recorded the duration 
of the different tasks that they performed throughout the day. Records were made 
on 3 consecutive days on one occasion (third week) of the month. The data was 
inputted to a specially designed application on a SMART phone. This application 
had a list of tasks for AM as follows: Checking AMS data, Fetching cows indoors, 
Fetching cows outdoors, Robot cleaning maintenance, Alarms, Grass allocation, 
Training to AMS, Cow health, Other dairy tasks, Other enterprise tasks, Non-farm 
activity. Tasks for the CM system were generally similar but included milking 
process tasks of Herding pre- and post-milking, Milking and Yard and milking 
machine cleaning. As each farm operator commenced a new task, they chose the 
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most appropriate option from the pre-programmed list on the application. They 
“clocked in” to the option and upon ending that task they “clocked out” from 
that option. Each full-time operator on a farm used a separate phone and phone 
application. The data was subsequently exported from the phone application to a 
database at the end of each recording period.
Statistical analysis was performed on the data. Observations were made for three 
consecutive mid-week days per month and the observations were averaged to 
give a figure representing that month. For analysis, time of day and time intervals 
were converted to minutes from the start of the day or duration of the interval 
in minutes. Farm was taken as the independent unit for analysis and therefore 
the monthly measurement were treated as repeated measures and a covariance 
structure was used to model the correlation between months (Proc Mixed, SAS). 
The analysis was then a factorial combination of group and time (month). The 
best fit covariance model (using AIC) was used for the analysis and residual 
checks were made to ensure that the assumptions of the analysis were met. Where 
appropriate log transformation was used to correct non-constant variance and 
skew in the residuals. A Tukey adjustment for multiplicity was used in making 
contrasts of means.

Results and Discussion

Total dairy labour input
The average daily total dairy labour input was significantly lower (<0.01) for 
AM farms (04:17) (hh:min) when compared with CM farms (07:20). While there 
was variation between months (<0.01), there was no interaction between group 
and month as the variation was similar between groups across months. Peak 
labour input occurred in May at 07:01 and gradually decreased each month until 
reaching a minimum level a 03:47 in December. This is not unexpected due 
to the seasonal nature of grass growth and milk production in Ireland. When 
measured in terms of hours/cow/month, a significant difference (p<0.05) was 
observed, with AM farms more efficient than CM farms (1.4 v 2.1 hours/cow/
month) When this is extrapolated upwards to represent 12 months of data as 
opposed to the current dataset of 10 months, the efficiency of the AM system is 
emphasised, with 9 hours/cow/year more required in the CM system (25 and 16 
hours/cow/year for CM and AM, respectively).
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Figure 1: Average hours/cow/month and extrapolated hours/cow/year for automatic 
(AM) and conventional (CM) milking systems.

Milking process
A significant difference was observed between the milking systems (p<0.0001) for 
milking process, with CM farms spending more time at the milking process than 
AM farms. For CM farms, milking process varied across the months and followed a 
seasonal nature peaking in May at 4.3 hours/day, and falling thereafter to <0.5 hours/
day in December, when cows were in the process of being dried off. For AM farms, 
the labour input for milking process was consistent across all months ranging from 
0.85 hour/day to 0.25 hours/day.
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Figure 2: Average labour input associated with the milking process on farms with 
automatic (AM) and conventional (CM) milking systems.

When examined as a proportion of total dairy labour input, the milking process 
consumed 38% and 14% of dairy related activities on CM and AM farms, respectively. 
When measured as efficiency in terms of hours/cow/month, on average 0.75 and 
0.18 hours/cow/month were required in order to carry out the milking process for 
CM and AM farms, respectively.
  
Grass allocation
Due to the nature of the seasonal grazing system in Ireland considerable emphasis 
is placed on the use of accurate grass allocation as a means of motivating cows to 
visit the milking yard in an AM system. All AM farms who participated in this study 
operated either a two way (A-B) or a three way (A-B-C) grazing system, with the 
herd moving between each grazing section during every 24 hour period. When the 
data from both milking systems was statistically analysed a significant difference 
was observed (p<0.0001), with AM farms spending more time allocating grass 
than CM farms. There was a group by month interaction (p<0.001), with AM farms 
spending more time allocating grass during the main growing season than CM farms. 
There was no significant difference between the groups in March when CM farms 
would traditionally pay more attention to grass allocation in order to achieve greater 
spring grass utilisation, and in November and December when the grazing season 
has ceased. Labour input associated with grass allocation peaked for CM and AM 
farms in March (00:12) and August (00:33), respectively, while both reached their 
lowest points in December (0 hours).
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Figure 3: Average daily time associated with grass allocation on farms with automatic 
(AM) and conventional (CM) milking systems. 

Cow health, other dairy tasks and non-farm activity
There was no significant difference between the milking systems for cow health, other 
dairy tasks and non-farm activity. There was variation across months for labour associated 
with cow health/day (p<0.05) with peaks occurring in March (00:13), May (00:07) and 
November (00:16). These peaks are due to additional labour associated with calving 
in March, breeding in May and drying off of a spring calving dairy herd in November. 
There was a group by month interaction for non-farm activity (p<0.05), with differences 
occurring in March and June, while April and November were approaching significance. 

Start times, finish times and length of day
Daily start times were significantly different between the two groups (p<0.05), with CM 
farms (07:01am) having an earlier start time than AM farms (07:57am). Start times varied 
across months (p<0.001), the variation was similar for both groups. Start times reached 
their earliest in March (06:41am) and May (07:09am) for CM and AM respectively, 
while they reached their latest in December at 08:00am and 8:43am for CM and AM 
groups. There was no significant difference between daily finishing times for CM or 
AM systems. However, there was variation across months (<0.001), while a group by 
month interaction was also observed in April and June (p<0.05) with AM having a later 
finishing time. 

Length of day was defined as the duration of time that elapsed between daily start 
time and daily end time, and included total dairy labour input, non-farm activity and 
other enterprise tasks. There was no significant difference between the groups with 
both milking systems following a similar pattern across the year, peaking in spring and 
gradually falling to a minimum level of 9 hours in December.      
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Conclusion

From the 10 months of data presented in this paper, milking with an AM system 
reduced total dairy labour input and milking process labour input by 41% and 36%, 
respectively, when compared to a CM system. The fact that the milking process 
accounts for 87% of the reduction in total dairy labour input, demonstrates the 
positive impact that automating the milking process has on overall farm labour 
requirements. However, this reduction in milking labour requirements was 
partially counteracted by an increase in the requirement for greater labour input 
when allocating grass in an AM system. This overall reduction in labour input on 
AM farms did result in an observation of more non-farm activity (approximately 
2 hours/day) on these farms, although not statistically significant. This study 
also found that not only did AM lead to a reduction in labour, but also a change 
in labour type, with farmers spending more time managing and overseeing the 
system than doing manual labour. This change in labour type allows farmers the 
time to use the advanced technologies of AM to monitor, on a daily basis, the 
contribution of each individual animal and use this information in the process of 
management. However, this study is small in terms of farm numbers and does 
need to be expanded.
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Abstract 

In this paper, the suitability of a specifically designed and developed inertial sensor-
based system for the real-time detection of dairy cow behaviours was assessed. The 
hardware was composed of an accelerometer sensor integrated into a Bluetooth Low 
Energy (BLE) device and a Raspberry Pi equipped with a USB BLE. The software 
components included a Python script for the Raspberry Pi platform and a Java 
Graphical User Interface. 
Experimental tests were carried out in a free-stall barn located in Southern Italy. 
Three dairy cows were equipped with sensors at the forelimbs. Data were reorganised 
and filtered twice by applying low pass Butterworth filter and data analyses were 
performed by designing an algorithm in MATLAB® that utilises statistical parameters 
of the three accelerometer components. 
With the aim of recognizing cow posture in order to compute the lying behaviour 
duration, the mean value of the acceleration on the X axis was compared with a 0.5g 
threshold. Furthermore, motion analysis was performed to identify walking activity. 
To this aim, standard deviation of each acceleration component was computed to find 
out whether the forelimb was in motion, subsequently data variances were utilized to 
discriminate between a low or a rapid motion. The system detections were validated 
by using information from a video-recording system. Good results were achieved in 
posture recognition and detection of behavioural activity change. In detail, changes 
in posture were always recognised whereas small forefoot movements without 
changes in position were not detected. The misclassification rate was equal to about 
24%. However, further experiments are needed to obtain the actual value since 
disconnections between the sensor units and the computing unit frequently occurred 
during the experiments.
Although some improvements are needed, the experimental tests showed that this 
system is promising since it is based on a low-cost technology with a low energy 
consumption.

Keywords: inertial sensors, behaviour analysis, accelerometer, real-time analysis 
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Introduction 

Technological development and most of all the availability of low-cost technologies 
have delivered a variety of devices that are suitable for automatic monitoring of 
animal behaviour. The use of these devices in livestock buildings reduces the 
utilisation of methods based on operator’s direct visual observation of the animals 
and improves the measurement of indicators on the health and welfare status of the 
herd, the level of productivity, and the interaction of the animal with the breeding 
environment (Tullo et al., 2013; Berckmans, 2014). In Precision Livestock Farming 
(PLF) the use of electronic devices, such as accelerometers or other inertial sensors 
and RFID, has improved the welfare of animals and simplified their monitoring 
processes (Gao et al., 2013; Oudshoorn et al., 2013; Porto et al., 2012; Porto et al., 
2013b; Porto et al., 2014).
Several experimental studies have been carried out by utilising accelerometers with 
the aim to extract information from cow behavioural data. In some experiments (de 
Mol et al, 2009a) 2D accelerometers, which were fixed to the collar and the right 
hind leg of six cows, were used as tilt sensors in a Wireless Sensor Network (WSN). 
Tilt angles were computed from the X and Y components of the acceleration. In 
particular, the leg tilt angle was found useful for discriminating standing behaviour 
from lying one by fixing  a threshold of 45°.
In a research paper (Darr et al., 2009) a sensor that included a low-power 
microcontroller and an MEMS (Micro Electrical Mechanical System) accelerometer 
within an embedded system was developed to measure cow lying for lameness 
detection. This sensor was fixed to the left hind leg of three cows. The results of the 
tests showed that the 100% of the lying activity was detected.
In another study (de Mol et al, 2009b) the suitability of using 3D accelerometers 
to monitor cow walking activity for early detection of lameness was assessed. 
Accelerometers  were utilised within a WSN (Wireless Sensor Network) and were 
applied to the left hind leg of three cows among which one suffered from lameness. 
The accelerometer data, after filtration operations, were subject to an analysis of 
variance and utilised to compute pace length and duration. 
Nielsen et al. (2010) proposed algorithms to distinguish movements related to 
walking from inactivity of standing. The tests were carried out on a group of 10 dairy 
cows equipped with IceTag3D, a device based on a 3D accelerometer, at the hind 
leg. The cows were forced to alternate between walking and standing in sequences 
of 20 s for a period of 10 min. The results showed that it is possible to estimate with 
a reasonable accuracy the number of steps and the frequency and duration of the 
considered activities of the cows.
On the basis of this scientific background, the overall aim of this study was to assess 
the suitability of a novel specifically designed and developed inertial sensor-based 
system for the real-time detection of dairy cow behaviours. Two specific objectives 
were the analysis of cow posture to compute the lying duration and the analysis of 
cow motion to identify the walking activity.
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Materials and methods

Hardware components of the system 
The acquisition system of inertial data related to cow behaviours is based on the use 
of the Bluetooth Low Energy (BLE) protocol. The choice of BLE technology was 
based on its low energy consumption compared to the classic Bluetooth. It allows for 
increasing the interval of sensor battery change, thus reducing animal stress.
The Sensor Unit that was utilised is the SensorTag manufactured by Texas Instrument 
(Fig. 1). The SensorTag is a small, low-cost and multi-purpose device that includes 
the BLE communication protocol and a unique MAC address, and the following 
six low-power MEMS sensors: 3-axial accelerometer, 3-axial gyroscope, 3-axial 
magnetometer, temperature sensor, pressure sensor, humidity sensor.
In this study, the accelerometer signal was recorded and analysed to classify cow 
motion and recognise cow behaviours. 
With the aim of storing acquired data for subsequent elaborations, a single-board 
computer, named Raspberry PI, was chosen due to its low cost and easy installation. 
It was equipped with a dongle USB BLE and a memory in microSD format which 
were necessary for SensorTag communication and management as well as data 
storage. Such a configuration of Raspberry PI represented a univocal gateway for 
all the SensorTags utilised in the barn. Finally, by using the SSH protocol it was 
possible to access and control the device by using a PC embedded with a WI-FI 
system. In this way it was possible to place the Raspberry Pi within the barn whereas 
its remote control was located in an office room. 

Software components of the system 
Raspberry PI utilises Raspbian, a linux-based operative system. The communication 
with SensorTags takes place according to a defined communication protocol of 
Texas Instrument (Texas Instrument, 2014). The main software component that was 
developed is the BLE communication tool between SensorTag and Raspberry PI, 
since native APIs (Application Programming Interfaces) were not available. This 
custom tool was based on the GATTtool utility that allows management of the BLE 
communication. A specially developed Python script sent the commands through 
GATTtool to the SensorTags, received the data, and stored them in consistent files. 
The single connection was managed by one thread, then this solution increased both 
parallelism and robustness: whenever a connection was lost the remaining sensors 
were able to send data.
To simplify system management and to control information about its state, a special 
graphical interface was developed in Java language. 

Laboratory and in-field experiments
In laboratory tests the effectiveness and the range of Bluetooth Low Energy 
technology were analysed, as well as the correct acquisition and data storage in real-
time by the system, when data acquisition occurs from several tags at a time. 
The system capability of identifying standing still and walking patterns as well as 
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rotations and changes in posture and performing tilt sensing was assessed by fixing 
one sensor to the leg of an operator.
In-field experimental tests were carried out in a free-stall barn located in South-
Eastern Sicily (Italy), which had a rectangular plan with three sides completely open. 
The area of interest was composed of the resting area with 16 head-to-head stalls, 
the feeding alley, the service alley, and two side passages. The study area within the 
barn was equipped with a multi-camera videorecording system, which was designed 
and assessed in previous research (Porto et al., 2013a; Porto et al., 2014; Porto et al., 
2015), that was suitable to provide panoramic top-view images of the study area. The 
multi-camera videorecording system acquisitions were synchronised with those of 
the Sensortag data system with the aim to validate the results of the accelerometer 
data by using panoramic top-view images of the study area to visually recognise 
cow behaviours. Three dairy cows were equipped with the sensors at the forelimb 
and the collar. In this paper the results obtained from the data analyses related to 
the accelerometer sensor placed in the cow forelimb are reported. Figure 1 shows 
the position of  SensorTag on the cow leg and the orientations of the device when 
the cow change position from standing to lying and vice versa. The choice of the 
forelimb was due to the presence of a band where the tag was more easily fixed. In 
further studies this choice could be reconsidered. 

Data Analysis
Before carrying out the data analyses,  noise reduction of the acquired data was 
performed. Data were filtered by using MATLAB® implementation of the Butterworth 
filter (Matlab, 2014). To analyse cow posture for computing lying duration, the gravity 
distribution on the X axis (Fig. 1) was analysed within a considered time interval. 
To identify the walking activity, standard deviation of each acceleration component 
was computed to find out whether the forelimb was in motion, subsequently data 
variances were utilised to discriminate between a low or a rapid motion. 
Threshold values of the standard deviation and variance were obtained by comparing 
data obtained from visual recognition of cow behaviours in the top-view panoramic 
images of the study area with information acquired from the SensorTags. To this 
aim, an observation time interval of about 20 min in which the cows were forced to 
perform the behaviours considered in this study was utilised. 
The validation of the system for cow behaviour recognition was carried out on 
another observation time interval of about 75 min of recordings.

Results and Discussion 

The simulations in laboratory made it possible to test the implemented system 
functionality and highlight possible weaknesses to be solved before performing 
the in-field tests. It was checked that the software was able to correctly notify the 
disconnection of the SensorTag when the BLE signal was lost because the tag went 
out of the antenna range. In general, in laboratory tests it was proved that the power 
and the range of the BLE signal decreased markedly in presence of walls, and more 
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noticeably for metal elements, and disappeared when immersed in water. The data 
recorded to analyse motion during the laboratory test were reported in Figure 2. 
It shows that the signal was adequate to discriminate the posture changes and the 
capability of acquiring both the static component (gravity acceleration) and the 
dynamic one (motion) by means of larger oscillations of the signal. In this tests X 
axis was reversed compared to the in-field experiments due to operative conditions. 
However, the position did not have influence on data elaboration.
Accelerometer data were filtered with a fourth-order, zero lag Butterworth filter, using 
cut-off frequency of 0.6 Hz. At this regard, acquired data of SensorTag accelerometer 
had a sampling frequency of 10 Hz.
During the tests in the barn, the accelerometer data that were stored in each acquisition 
file were sampled at a 100 ms interval for an overall duration of 180 s, i.e., the 
accelerometer signal elaborated for each file represented a 3-minute observation of 
the cow analysed.
The algorithm elaborated a part of the signal at a time (signal segmentation) by a 
sliding window of 5-second signal size, which is equivalent to 50 accelerometer 
samples, and computed statistical parameters of interest. Firstly, the average value of 
the acceleration on X axis was computed: if it resulted greater than 0.5g the cow was 
standing, otherwise it was lying.

Figure 1 – Axes orientation of the tag in relation to two different cow postures, i.e., 
lying and standing.
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If the cow was standing it was necessary to distinguish if it was in motion or standing 
still. The computation of the standard deviation of the three acceleration components 
allowed discriminating between the two cases. The threshold value of the standard 
deviation, which was compared with the standard deviations computed for the 
three acceleration components, resulted equal to 0.01. Moreover, the computation 
of the variance of the three components X, Y e Z (varAccX, varAccY, varAccZ, 
respectively) allowed discriminating between an accidental movement of the leg 
(without displacement) and a periodic one when the cow was walking. The algorithm 
applied the following condition: if varAccX > 0.005 or  varAccY > 0.01 or  varAccZ 
> 0.005 then the cow was recognised as walking, else the cow was considered in a 
standing position, since it moved the leg but remained in the same position. In Figure 
3 the algorithm was represented by a decisional tree.
The validation tests showed that good results were achieved in the recognition of cow 
behavioural patterns, such as lying, standing, and walking. Specifically, the system 
was able to recognise the posture and detect the change in cow behavioural activity 
(Fig. 4). In particular, cow posture was always recognised by the system that allowed 
for the detection of the changes from standing position to lying and vice versa. As far 
as the motion analysis is concerned, the use of the computed thresholds for standard 
deviation and variance produced a good accuracy in discriminating standing still 
behaviour from walking activity. In some cases the algorithm misclassified the 
standing still position of the cow as a walking one. It occasionally occurred when the 
cow, though standing still, intensively moved the limb.

Fig. 2 - Accelerometer signal during laboratory trials.
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Fig. 3 - Behaviour detection algorithm for the accelerometer signal acquired by the 
sensors.

In this test the misclassification rate was about 24%. However, in the barn the BLE 
communication protocol showed some weaknesses in reliability since disconnections 
between the sensor units and the computing unit frequently occurred. Therefore, 
further experiments are needed to ascertain whether the disconnections were due to 
the body of the animals and the structure of the barn that interfered with the wireless 
communication or else to the system, and thus a more precise misclassification rate 
of the system could be obtained. Although some improvements are needed to avoid 
connection interruptions due to reduction of the signal power, the experimental tests 
showed that this system is promising since it is based on a low-cost technology and 
has a low energy consumption.
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Figure 4 - Accelerometer signal during cow behavioural activities.

Conclusions

This paper proposed the design of a novel inertial sensor-based system for the real-
time detection of dairy cow behaviours which used low-cost hardware. 
The main objective of the research, which included the assessment of the suitability 
of the proposed system to detect cow posture and walking activity, were achieved 
by laboratory and in-field tests where the communication protocol and the detection 
algorithm were assessed.
The system features that call for a promising application of the technology are related 
to its low power consumption, low cost, simplicity of implementation, and security 
with reference to its low power level.
Further improvements of the system would involve research aimed at avoiding 
connection interruptions by acting on system design as well as experimental protocol.
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Abstract

Footpad dermatitis (FPD) and hock burn (HB) are a major welfare concern in 
broiler chicken farming. In general, foot lesions are linked to poor environmental 
conditions. Ulcers caused by advanced lesions can negatively affect the gait of 
the birds, with effects on the welfare of animals, including, in the worst cases, 
inability to reach the feed or water. 
FPD and HB score data were collected manually at two broiler farms across 
Europe, during welfare assessments performed within the EU-PLF (Precision 
Livestock Farming) project, which is supported by the European Commission. 
This ongoing project aims to create “added value” for the farmer through the 
application of sensors and information technology at farm level. On those broiler 
farms, a number of variables such as temperature, relative humidity, ventilation 
rate, bird weight, light schedule, and feed and water consumption rates are 
measured automatically. The welfare of the chickens was assessed three times 
per cycle (at week 3, 4 and 5), scoring FPD, HB, gait score, cleanliness of the 
birds and litter quality. Data analysis was performed by combining data from 
the welfare assessments with environmental data collected by the automatic 
monitoring systems. The analysis showed that FPD and HB were more frequent 
when the flock was exposed to poor environmental conditions for prolonged 
periods of time.
As environmental conditions can be measured continuously, and the risk factor 
for FPD and HB increases with poor environmental conditions, there is potential 
to develop a detection and control system for foot and hock lesions.

Keywords: broiler, precision livestock farming, welfare, foot lesion, 
environmental conditions, risk factor
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Introduction

Footpad dermatitis and hock burns are characterised by skin lesions of the footpads 
and hocks (Bassler et al 2013). They can start with discoloration of the skin, 
advancing into necrosis of the epidermis. They represent a major welfare concern in 
broiler chicken farming (Kyvsgaard et al 2013), as lesions may provide a gateway 
for bacterial infections, thereby affecting the bird’s health (Bassler et al 2013). 
These lesions are due to a poorly defined number of causes, including the bedding 
material and thickness, and the presence of ammonia and moisture in the litter caused 
by spillage from drinking systems and faeces. In general, foot lesions are linked to 
poor environmental conditions(Kyvsgaard et al 2013).
Another concern relates to lameness, which is usually thought to be caused by 
anatomical leg disorders such as long bone deformities, and genetic selection for fast 
growth is known to be influential (Bassler et al 2013). Causes of leg disorders could 
be infectious, non-infectious, and genetic (Aerts et al 2003).
Ulcers caused by advanced lesions can negatively affect the gait of the birds, with 
potential effects on animal welfare. Lame birds may also have difficulty in reaching 
food and water (Butterworth et al 2002).
The number of available indicators which can be used to assess animal health as 
a foundation of good welfare status has increased during recent years, and the 
importance of animal welfare assessment science as a discipline is now recognised 
worldwide.
Moreover, it is not possible to use one single measure to assess welfare but rather it 
is appropriate to use a range or spread of measures which consider different aspects 
of health, welfare, and animal experience (de Jong et al., 2012). Thanks to the 
Welfare Quality® protocol, the procedure for assessing animal health and welfare 
has become more widely applied since the project ended in 2009 (Welfare Quality 
2009). The assessment of animal welfare is based on manual scoring, requires a 
lot of manpower/labour and is time-consuming (Aydin et al., 2010; Fontana et al., 
2014). Image analysis has been widely used to monitor the behaviour, position and 
activity of different animals (Aydin et al., 2010). Precision Livestock Farming (PLF) 
can combine information technologies into automated on-line tools that can be used 
to control, monitor and model the behaviour of animals and their biological response 
(Tullo et al 2013). The advantage of these monitoring systems is that a large amount 
of information can be collected continuously without the stress caused by animal 
disturbance or handling (Wathes et al 2008). 
Chicken performance is influenced by ambient temperature, relative humidity, 
air quality and ventilation speed, so adequate environmental control is essential. 
Therefore, environmental monitoring is fully automated by means of specific sensors.
The aim of this study was to find the association between predisposing factors, 
which were measured continuously (such as the environmental parameters), and leg 
problems scored during the welfare assessment procedure.
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Materials and methods

Data collection - welfare assessment 

Data relating to footpad dermatitis, hock burns, plumage cleanliness, lameness and 
litter quality were collected at two broiler farms, one located in Italy and the other 
in the UK. Data were manually collected during two rounds per farm when the birds 
were 3, 4 and 5 weeks of age following the Welfare Quality ® protocol. 
Footpad dermatitis is a contact dermatitis found on the skin of the foot, both on the 
central pad and on the toes. Hock burn is a contact dermatitis found on the skin of 
the caudal part of the hock joint. In both cases the skin turns dark due to contact 
with litter and consequently deep skin lesions can result. The scoring scale (from 0 
to 4, no lesions to severe lesions) allows assessment of the severity of these lesions 
(Welfare Quality 2009).
Clean and healthy birds spend a lot of time keeping their feathers ‘preened’. If their 
feathers become wet or soiled with litter (bedding), faeces or dirt, the feathers can 
lose their protective properties and so severe soiling with either dirt or faeces can 
have significant effects on bird welfare. The scoring scale (from 0 to 3, clean to dirty) 
allows assessment of animal welfare in relation to good housing (Welfare Quality 
2009).
Lameness is the inability to use one or both limbs in a normal manner. It can vary 
in severity from reduced ability or inability to bear weight to total immobility. The 
scoring scale (from 0 to 5, normal to incapable of walking) allows assessment of the 
absence/presence of injuries (Welfare Quality 2009).
Poor litter quality may indicate difficulties in managing the litter, which may be 
reflected in skin and foot lesions which are related to poor litter quality. The scoring 
scale (from 0 to 4, good quality to poor quality) allows assessment of the quality of 
the bedding in the house (Welfare Quality 2009).
For each parameter considered, scores greater than or equal to 2 were regarded as 
a threshold for the presence of severe lesions, dirtiness of the birds and poor litter 
quality. These thresholds had to be applied in order to make the original parameters 
assessed more homogenous.

Data collection - environmental parameters

Both the farms used in the study had fully automatic climate control systems. The 
climate variables collected 24/7 were: temperature inside and outside the barn, 
relative humidity, maximum and minimum temperature inside, CO2 concentration, 
static pressure difference. Data from the sensors were stored every 15 minutes on the 
local farm PC. The data derived from different sensors were processed, combined and 
aggregated (mean, maximum or minimum) to one value per day for each variable. 
The results were then automatically uploaded to an online data server where they 
were stored.
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Statistical analysis
Data relating to footpad lesions, footpad dermatitis, hock burns, plumage dirtiness, 
lameness and litter quality were merged with climate data that was continuously 
collected by farm sensors.

Firstly, the THI (temperature humidity index) was calculated according to the 
formula (Kibler 1964):

THI=(1.8*temperature-((1-RH/100)*(temperature-14.3))+32);

The same formula was used to identify the optimal THI range for broilers, according 
to the ROSS 708 Management Handbook (Aviagen®) as reported in Figure 1.

Figure 1. Temperature and relative humidity ranges for broilers, according to the 
ROSS 708 Management Handbook

Broilers need different THI ranges according to their age. The temperature should 
be higher at the beginning of the cycle and gradually lowered towards the end of the 
cycle.
Each hour of the day was classified as 0 if the THI was within the expected ranges, 
and classified as 1 if the THI values were outside the optimal thermal situation. 
It was therefore possible to estimate the numbers of hours and the percentage of 
time spent outside the thermal comfort ranges during the 24 hours of the day. The 
percentage of time spent outside the optimal (POOC) ranges was calculated, starting 
from the day of chick placement to the days of the welfare assessments (day1-day 
21, day1-day 28 and day1-day 35).
A logistic regression model (PROC LOGISTIC, SAS9.3, SAS Institute Inc., Cary, 
NC) was formulated to analyse the effect of predisposing factors. Logistic regression 
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analysis is often used to investigate the relationship between discrete responses 
(binary responses such as success and failure and ordinal responses, such as normal, 
mild and severe), and a set of explanatory variables. In this study, the responses were 
represented by the presence of footpad dermatitis, hock burns, lameness and the 
dirtiness of the birds.
The explanatory variables included the percentage of time spent outside the thermal 
comfort zone, the quality of the litter (estimated on the basis of the WQ assessment 
and classified as good or poor) and the age of the broilers (3 levels: 3,4 and 5 weeks). 
Litter quality was considered “good” if the litter score was evaluated as 0 and 1, 
whereas the remaining categories of 2, 3 and 4 were merged into the classification 
of “poor” (Table 1).

Table 1. Explanatory variables included in the logistic regression model

Farm 
location Season

Age of the 
broilers 
(weeks)

Round Visit
Percentage of time out 
of the thermal comfort 

(POOC) 

UK Winter 3 1 1 52

UK Winter 4 1 2 55

UK Winter 5 1 3 56

UK Autumn 3 2 1 64

UK Autumn 4 2 2 73

UK Autumn 5 2 3 71

Italy Autumn 3 1 1 76

Italy Autumn 4 1 2 80

Italy Autumn 5 1 3 71

Italy Winter 3 2 1 50

Italy Winter 4 2 2 41

Italy Winter 5 2 3 33

Results and discussion

Table 2 reports the results of the scoring performed for footpad dermatitis, hock 
burns, lameness and cleanliness of the bird.
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Table 2. Results of the scoring performed during the welfare assessment at two farms 
for footpad dermatitis, hock burns, lameness and cleanliness of the bird.

UK farm Italian farm
Round 1 Round 2 Round 1 Round 2

Visit 1 Visit 2 Visit 3 Visit 1 Visit 2 Visit 3 Visit 1 Visit 2 Visit 3 Visit 1 Visit 2 Visit 3
Footpad 

dermatitis
Score 0 101 85 72 65 25 11 34 37 52 35 34 37
Score 1 6 10 6 13 20 11 26 31 14 19 36 39
Score 2 1 4 4 2 31 17 25 27 21 29 22 20
Score 3 0 1 2 0 4 37 15 5 13 17 8 3
Score 4 0 0 0 0 0 4 0 0 0 0 0 1

Hock burns
Score 0 108 98 74 77 36 22 89 99 45 99 95 84
Score 1 0 1 8 3 24 16 11 1 39 1 5 16
Score 2 0 1 2 0 19 20 0 0 15 0 0 0
Score 3 0 0 0 0 1 15 0 0 1 0 0 0
Score 4 0 0 0 0 0 6

Cleanliness
Score 0 108 97 75 75 41 18 85 75 43 99 80 71
Score 1 0 3 8 5 32 35 15 25 50 1 19 29
Score 2 0 0 1 0 7 25 0 0 7 0 1 0
Score 3 0 0 0 0 0 2

Lameness
Score 0 33 27 19 45 42 21
Score 1 15 6 0 48 4 0 46 60 47 50 47 56
Score 2 35 46 20 48 26 6 16 11 22 4 10 19
Score 3 24 48 51 3 65 63 0 0 6 1 1 3
Score 4 0 0 7 0 0 10 3 1 4 0 0 1
Score 5 2 1 2 0 0 0

Litter score
Score 0 74 42 0 60 0 0 20 0 0 20 40 0
Score 1 0 18 20 20 0 0 40 100 60 40 20 0
Score 2 0 40 24 0 0 20 40 0 20 0 20 60
Score 3 34 0 40 0 40 60 0 0 20 40 20 20
Score 4 0 0 0 0 40 0 0 0 0 0 0 20

The logistic regression of the effect of risk factors associated with footpad dermatitis, 
hock burns, lameness and dirtiness (Table 3) showed statistically significant effects 
of the POOC (p<0.0001), the litter quality (p<0.0001) and the age of the birds 
(resulting P-values <0.0001 except for footpad dermatitis, where the age effect was 
not significant).
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In general, for a one-unit increase in POOC, the odds associated with the presence of 
footpad dermatitis, hock burns, lameness and dirtiness of the birds tended to increase 
(versus the absence) by 1.031, 1.168, 1.142 and 1.022, respectively. 
Furthermore, litter quality could play an important role in causing lesions. The 
general trend of the odds ratio relating to litter quality indicates that higher quality 
(scored 0 and 1) is associated with reduced odds of having dirty birds with lesions. 
In particular, the values reported in Table 3 indicate that there is a 10.6, 12, 47 or 
48% probability of lesions compared with a 100% probability of lesions with poor-
quality litter (scored 2, 3 and 4). In other words, the probability of having lesions or 
dirty and lame birds with good-quality litter is 89.4, 88, 53 and 52% lower than with 
poor–quality litter.
The variables considered indicated that age did not affect the presence of footpad 
dermatitis (n.s), while it was highly significant in relation to hock burns, lameness 
and dirtiness (Table 3). For a one-unit increase in age, the odds of having lameness, 
hock burns and dirty birds increased by a factor of 1.40, 6.33 and 7.1, respectively. 
Age is another risk factor that is associated with the presence of lesions and the 
dirtiness of broilers; indeed the increase in weight (strictly correlated with age) 
reduces the mobility of the broilers and increases the likelihood of lesions on the 
legs and dirty plumage (Aerts et al 2003).

Table 3. Results of the logistic regression of the effect of risk factors associated with 
footpad dermatitis, hock burns, lameness and dirtiness.

Variable Parameter Odds 
ratio

Lower 95% 
CI

Upper 95% 
CI P-value

Dirtiness OOC 1.142 1.075 1.214 <.0001
Litter quality 
good vs poor 0.106 0.035 0.318 <.0001

Age 7.098 3.287 15.327 <.0001

Hock burns OOC 1.168 1.11 1.229 <.0001
Litter quality 
good vs poor 0.12 0.058 0.248 <.0001

Age 6.334 3.717 10.794 <.0001

Footpad dermatitis OOC 1.031 1.021 1.041 <.0001
Litter quality 
good vs poor 0.47 0.35 0.631 <.0001

Age 1.148 0.962 1.369 0.127

Lameness OOC 1.024 1.016 1.033 <.0001
Litter quality 
good vs poor 0.482 0.367 0.635 <.0001

Age 1.398 1.181 1.656 <.0001
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Conclusions

The percentage of time spent outside the optimal THI ranges, associated with 
increasing in bird age and reduced litter quality, represents a high risk factor that 
broilers will incur severe lesions. Identification of a relationship between the risk 
factor for the time spent outside the optimal thermal ranges, which can be measured 
continuously, and the manually scored welfare assessments could serve as the basis 
for developing models and algorithms which are capable of automatically detecting 
thresholds above which lesions are most probable. Furthermore, automation of the 
assessment procedure could improve broiler welfare, reducing costs and minimising 
the response time in the event of problems on the farm.
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Abstract

Several studies have shown productivity and physiological responses to address 
feeding behaviour of broilers, while few of them have considered the biomechanics 
exhibited by the birds. This paper aimed to assess the kinematics (motions) of 
broiler chicks (3 and 4-d-old) during feeding at three different feed types: fine 
mash (F1), coarse mash (F2) and crumbled (F3), in which their geometric mean 
diameter were 476µm, 638µm, and 1243µm, respectively. Nineteen birds were 
recorded with a high speed camera, and computational image analysis was used 
to measure the birds’ head displacement and maximum beak gape for all feed 
types. Mandibulations were manually classified as ‘catch-and-throw’ (CT) or 
‘slide-and-glue’ (SG). Results indicated that CT movements presented both 
greater head displacement and maximum beak gape than SG. Additionally, head 
displacement (mm) for CT was greater in F1 (4.9), F2 (4.5), and F3 (4.4), while 
for SG no significant difference was found. The maximum beak gape (mm) was 
greater in F1 (3.8) and F3 (3.7) than in F2 (3.2), explained by the difference found 
in SG motion, but not in CT. Moreover, there was a more frequent occurrence of 
CT motions in F3 (33.3%), F1 (26.4%), and F2 (19.4%) feed types, respectively. 
These results indicate that the chicks grasped the particles with the granulometry 
of 638µm more easily, explained by the more moderate motions required to 
reposition the feed within the beak for this feed type relative to smaller or larger 
particles.

Key-words: beak, granulometry, feeding, 2-D image analysis; poultry, motion 
analysis.

Introduction

Diet is the main driver of profitability in commercial poultry farms, for which 
nutrition is largely responsible for the exceptional growth rate responses of 
current commercial poultry species (Ávila et al., 1992). Birds select different 
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sizes of feed particles on the first week of their life, and the beak regulates the 
size of feed that can be eaten. Broiler chicks respond to the stimulus of feed 
intake immediately after hatching (Vieira & Pophal, 2000; Noy & Sklan, 2002), 
and decide whether to accept or reject the feed particle. Tactile cells in the oral 
cavity control the reflective stimulus and taste, although the number of taste buds 
is small (Sainsbury, 1980). Thus, the granulometry and shape of feed particles 
play key roles in the intake process (Nir et al., 1994a; Quentin et al., 2004; Carré 
et al., 2005; Addo et al., 2012).
There is no true chewing (mastication) in birds. The tongue is rigid and tactile 
sensibility is mainly perceived when the particles are touched and seized by the 
beak tip (Picard et al., 2002). The mechanical process of feeding in domestic 
chickens is similar to pigeons (Table 1). The amplitude of beak opening is 
controlled according to the particle size and the initial beak opening (grasping 
phase) is used to control the amplitude. Birds can adapt certain movement 
patterns depending on the type of food, but such behaviours are subordinate to 
limitations of the morphological structure (Zweers, 1982). Birds can handle the 
feed within the beak by “catch-and-throw” (CT) movements (stationing phase), 
which involves repositioning the particles before starting the transporting and 
swallowing phase. CT movements are characterized by large head jerks and beak 
opening. The CT movement can be repeated as often as needed. When the feed is 
properly grasped, the stationing phase can be skipped. In such cases, the “slide-
and-glue” (SG) technique is used, which consists of the displacement of the 
tongue up to the tip of the beak in order to adhere the tongue to the food with 
the aid of the sticky saliva, and then to transport it into the oral cavity for the 
swallowing phase. SG involves reduced head jerks.
The aim of the present study was to evaluate the mandibulation (feeding 
behaviour) of broiler chicks during feeding on three different feed types by 
classifying each birds’ mandibulation cycle as CT or SG, likewise measuring 
each bird’s head displacement and maximum beak gape. This assessment should 
bring knowledge about how young broiler chicks respond to different feed types 
regarding to the ability to handle the feed within the beak.
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Table 1: General description of the feeding phases of pigeon and chicken.

Phase Description

Fixation
The head still stable above the seed, the eyes wide open. Beak is 

closed, but fluctuations could be seen in the openings of the beak 
and tongue movements for swallowing seeds ingested previously.

Approach or 
pecking

Starts when the bird moves its head uninterruptedly towards food in 
an oblique or vertical direction. The beak opens and the tongue 
is retracted. The beak opens slightly more than the seed size. The 
eyes are partially closed.

Grasping
Starts with the maximum beak opening in the last part of the approach 

phase. The beak tip apprehends the seed and the eyes are completely 
closed.

Withdrawal Starts right after the ‘grasping’ phase. Food is retained in the beak tip, 
and head is withdrawn in an upward motion.

Stationing 
The food is eventually repositioned by “catch-and throw” movements. 

These serve to reposition the seed in the beak before starting the 
transport.

Transporting
Transports the seed from the beak tip into the pharynx level though 

the “catch-and-throw” or “slide-and-glue” movements or a 
combination of both. 

Swallowing 
Final transportation of the seed into the oesophagus with one or more 

movements of the pharynx, tongue, small beak openings and head 
jerks.

Adapted from (Zweers, 1982; Bermejo et al., 1989; Van Der Heuvel & Berkhoudt, 
1998).

Material and methods

The experiment was carried out at the Federal University of Grande Dourados, Brazil, 
approved by its Ethics Committee (Protocol number: 030/2013-CEUA/UFGD). A 
total of 19 male broiler chicks were individually recorded with a high speed camera 
(Weinberger®, Visario 1500, Nürnberg, Germany) during feeding at 3 and 4 days 
old in a chamber in which a LED spotlight was used as the only light source. The 
high speed camera was set at an acquisition rate of 250fps (frames per second) at 
a resolution of 1536 x 1024 pixels, with a Nikon 50 mm/F 1.4 length. This camera 
arrangement allowed framing each chick’s head during feeding at a distance of 1.0 
m from a lateral-perpendicular orientation. A computer was connected to the camera 
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for data acquisition. The birds were recorded in a wood box (100cm length, 50m 
width, 60m height), which presented a transparent glass side towards the camera. 
The feeds were placed in different containers and offered separately, then replaced 
after 8s video was captured. Video calibration from digital pixels to SI dimensions 
was conducted using a ruler placed within the feeder.
Three different feed types were used: fine mash (F1), coarse mash (F2), and crumbled 
(F3). The geometric mean diameter (GMD) and geometric standard deviation (GSD) 
were 476µm (2.54), 638 µm (2.56), and 1243 µm (2.43), respectively (according to 
Zanoto & Bellaver, 1996).

Biomechanical variables
A mandibulation consisted of a cycle of opening and closing of the chick’s beak. 
The opening action started when beak began opening, but not necessarily when the 
beak was totally closed. It finished when the beak reached its maximum aperture 
(maximum beak gape). The closing action starts from the maximum beak gape to 
its closing, not necessarily to its full closure. The head displacement was analysed 
by tracking the bird’s eye position in the image and calculates its total displacement 
during each mandibulation cycle. The maximum beak gape was the distance between 
upper and lower beak tips calculated automatically from the frame that represents 
the maximum aperture of the beak in each mandibulation cycle. The mandibulations 
were manually classified according to the two types of movement: catch-and-throw 
(CT) or slide-and-glue (SG) (according to Zweers, 1982; Bermejo et al., 1989; Van 
Der Heuvel & Berkhoudt, 1998).

Image analysis
A machine vision procedure comprising of four steps was developed in Matlab® 
software (MathWorks, Inc., Natick, Massachusetts, USA). Briefly, it consisted of: 
1) eye detection as a reference point to determine the position of chick’s head; 2) 
head extraction to remove redundant background information; 3) beak tip detection 
to analyse the maximum beak gape; and 4) feed particle removal to prevent errors 
during beak tip detection when a particle occluded the beak tip. No physical markers 
attached to the birds’ body were used. More details can be found in Abdanan 
Mehdizadeh (2015).

Dataset and statistical analysis
A total of 1.737 mandibulations belonging to 57 video samples (8 s each) were 
analysed. General descriptive analyses were performed followed by Mood’s Median 
test to compare the biomechanical variables and their classifications, and in-between 
feed types. This test was adopted due to a remarkable presence of outliers observed in 
the dataset, in which non-parametric tests use median as reference. The Chi-Square 
test was applied to analyse the frequency of occurrence of SG and CT among feed 
types. Minitab 15® software (Minitab Inc., Pennsylvania, USA) was used to carry out 
the statistical analysis.
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Results and discussion

The results are presented in Table 2 and illustrated in Figure 1. The chicks’ head 
displacement during mandibulations clearly showed a higher motion when birds 
adopted catch-and-throw (CT) than slide-and-glue (SG) movement types, which also 
coincided with the larger maximum beak gape. This outcome was expected, which 
matches patterns in other birds during feeding (Zweers, 1982; Bermejo et al., 1989; 
Van Der Heuvel & Berkhoudt, 1998).
However, it was also identified differences between feed types. CT was most to least 
prevalent for F3, F1 and F2, respectively. The maximum beak gape was greater for 
F1 and F3, but smaller for F2. Interestingly, the GMD (GSD) of the feed particle 
sizes was 1243µm (2.43) for F3, 638µm (2.56) for F2 and 476µm (2.54) for F1. 
Thus the size of feed particles influenced the kinematics of feeding in the chicks; 
moderate-sized feed particles (F2) appeared to involve the least effort, as gauged 
by beak gape and less adoption of CT movements. Thus, F3 and F1 would require 
further CT motions to successfully feed. These findings match previous reports 
of the impact of diet granulometry on feed consumption (Nir et al., 1994b), and 
physiological responses to feeding (Nir et al., 1994a; Dahlke et al.; 2001; Amerah et 
al., 2008; Svihus, 2011) in broiler chickens.
Although it has been documented that the motor control of chickens and pigeons is 
scaled by the particle size (considering peak opening amplitude, acceleration and 
velocity), allowing them to adapt feeding strategies accordingly (Zweers, 1982; Van 
Der Heuvel & Berkhoudt, 1998), any biomechanical approach has been reported 
considering the current conditions of broiler production, e.g. strains, growth phase, 
feed type (Neves et al., 2014). The feed size was the key factor that influenced 
the chicks’ head displacement and maximum beak gape, but not in a linearly 
proportionate pattern, as was found by Bermejo et al. (1989) when compared beak 
opening amplitude at six different sizes of spherical food pellet for pigeons. Instead, 
it was found that the greatest maximum beak gape was detected in the smallest feed 
size (F1), being more evident in SG motion, while no significant difference (P-Value 
<0.005) was found for CT. These results indicate that young broiler chickens adapt 
the frequencies of usage of feeding strategies to different feed types. Overall, it 
was detected 1,283 SG mandibulations and 454 CT mandibulations. A Chi-Square 
test indicated that CT was more frequent for F3 (33.3%) and F1 (26.4%) than F2 
(19.4%) feed types (Figure 2). This condition means that, when feeding on fine mash 
and crumbled feed (F1, F3), the chicks needed to manipulate the feed more often 
than coarse mash (F2), which means less feed repositioning within the beak before 
transporting into oral cavity and swallowing.
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Table 2: Head displacement and maximum beak gape during chicks’ mandibulation 
on F1 (fine mash), F2 (coarse mash), and F3 (crumbled) feed, and for CT (catch-and-
throw) and SG (slide-and-glue) movement types.

Movement 
type

Feed type

Head displacement (mm) Maximum beak gape (mm)

Mean ± SE Median Mean ± SE Median

CT

F1 4,9 ± 0,2 4,6a 5,2 ± 0,1 5,1a

F2 4,5 ± 0,2 4,1ab 5,0 ± 0,2 4,7a

F3 4,4 ± 0,2 3,6b 5,3 ± 0,1 5,1a

All feeds 4,6 ± 0,1 4,1A 5,2 ± 0,1 5,0A

SG

F1 2,6 ± 0,1 2,0a 3,2 ± 0,1 3,1a

F2 2,3 ± 0,1 1,9a 2,8 ± 0,1 2,7b

F3 2,6 ± 0,1 2,0a 2,9 ± 0,1 2,9ab

All feeds 2,5 ± 0,1 1,9B 3,0 ± 0,0 2,9B

Total 
(CT+SG)

F1 3,2 ± 0,1 2,4a 3,8 ± 0,1 3,6a

F2 2,8 ± 0,1 2,2a 3,2 ± 0,1 2,9b

F3 3,2 ± 0,1 2,5a 3,7 ± 0,1 3,4a

All feeds 3,0 ± 0,1 2,4 3,6 ± 0,0 3,3

CT = catch-and-throw; SG = slide-and-glue; F1 = fine mash; F2 = coarse mash; F3 = 
crumbled; SE = Standard Error. Values followed by the same letters within columns 
are not significantly different (P < 0.005) by the Mood’s Median test. Lower case 
refers to movement type between feed type. Upper case refers to movement type for 
both feed types.
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Figure 2. Bar graphs showing the occurrence (%) of mandibulation movement types 
(CT=catch-and-throw; SG=slide-and-glue) by feed type.

The muscles involved with feeding can be considered as biological motors that consume 
chemical energy and perform mechanical work. Thus the functions of muscles 
influence the birds’ metabolism, in addition to other processes, e.g. thermoregulation, 
which likewise consumes oxygen (and ATP) and generates heat. The metabolic power 
of muscles is almost impossible to measure directly in vivo. However, the rate at which 
muscles can perform the mechanical work of feeding is limited by three mechanical 
variables: the stress or force that the muscles can produce, their range of motion and 
their contraction frequency or velocity. The maximal values of these three variables are 
determined by the hierarchical structure of muscles from molecules and sarcomeres to 
whole muscle architecture (Jones & Round, 1990; Pennycuick, 1992). Therefore, the 
kinematics of feeding (here represented by beak gape and head displacement) relates at 
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Figure 1: Interval plots of head displacement (a) and maximum beak gape (b) by 
feed and movement types as per Table 2 (CT=catch-and-throw; SG=slide-and-glue).
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least indirectly to the metabolic cost of feeding. Thus, it can be predict that the chicks 
expended more energy when they used the CT technique, which was more prevalent 
for the crumbled feed type (F3). On the other hand, the well-known physiological 
benefits of processed diets (e.g. crumble and pellet) could possibly compensate for this 
energy expenditure, but this relationship was not testable in this study.
The major goal of processed feed is to achieve the maximum nutritional potential at 
minimal cost. Several studies reported a positive impact of processed feed on broiler 
production due to better weight gain and feed conversion (Greenwood et al., 2004), 
better development of the digestive tract and greater digestibility (Zang et al., 2009), 
better nutrient intake and enhanced growth rate (Lemme et al., 2006). On the other hand, 
it is worth mention that pelleting technology is not available to all farms. In such cases, 
birds are typically fed with mash type feed (F1/F2). Therefore the grinding level of the 
ingredients might impact the manufacturing cost of the diet, the flock performance, 
and the feeding behaviour. Regardless, biomechanics-based assessments have shown 
a useful method to evaluate the impact of the feed physical characteristics (size, shape 
and hardness) on the kinematic characteristics of broiler chicks, as suggested by Neves 
et al., 2014.

Conclusions

A greater head displacement was observed when broiler chicks adopted the ‘catch-and-
throw’ motion than ‘slide-and-glue’. Also, catch-and-throw motion was most to least 
common for crumbled, coarse mash and fine mash, respectively. The granulometry of 
the feeds probably was the key factor in the chicks’ feeding motions. Additionally, this 
relationship was not proportional, elucidated by greater values kinematic variables in the 
larger and smaller feed particle sizes.

Acknowledgements

The authors thank the CNPq (National Council of Scientific and Technological 
Development, Brazil) for supporting this research. JRH was supported by BBSRC grant 
number BB/I02204X/1 (United Kingdom).

References

Abdanan Mehdizadeh, S.; Neves, D.P.; Tscharke, M.; Nääs, I.A.; and Banhazi, T.M. 
2015. Image analysis method to evaluate beak and head motion of broiler 
chickens during feeding. Computers and Electronics in Agriculture 114 88-95.

Ávila, V.S., Jaenisch, F.R.F., Pieniz, L.C., Ledur, M.C., Albino, L.F.T., Oliveira, P.A.V. 
1992. Produção e manejo de frangos de corte (Production and management of 
broiler chickens). Concordia: Embrapa Suinos e Aves.

Bermejo, R., and Zeigler, H.P. 1998. Conditioned ‘prehension’ in the pigeon: 
kinematics, coordination and stimulus control of the pecking response. 
Behavioural Brain Research 91 173–184.



Precision Livestock Farming ‘15 809

Bermejo, R., and Zeigler, H.P. 1989. Prehension in the pigeon: II. Kinematic analysis. 
Experimental Brain Research 75 577-585.

Van Den Heuvel, W.E., and Berkhoudt, H. 1998. Pecking in the chicken (gallus 
gallus domesticus): motion analysis and stereotypy. Netherlands Journal of 
Zoology 48(3) 273-303.

Addo, A., Bart-Plange A., and Akowuah J.O. 2012. Particle size evaluation of feed 
ingredient produced in the Kumasi Metropolis, Ghana. ARPN Journal of 
Agricultural and Biological Science 7(3) 177-181.

Amerah, A.M., Ravindran V., Lentle R,G., and Thomas D.G. 2008. Influence of 
feed particle size on the performance, energy utilization, digestive tract 
development, and digesta parameters of broiler starters fed wheat- and corn-
based diets. Poultry Science 87 2320-2328.

Carré, B., Muley, N., Gomez, J., Oury, F-X., Laffitte, E., Guillou, D., and Signoret C. 
2005. Soft wheat instead of hard wheat in pelleted diets results in high starch 
digestibility in broiler chickens. British Poultry Science 46(1) 66–74.

Dahlke, F., Ribeiro, A.M.L., Kessler, A.M., and Lima, A.R. 2001. Corn particle size 
and physical form of the diet and their effects on performance and carcass 
yield of broilers. Brazilian Journal of Poultry Science 4(3) 241-248.

Emmans, G., and Kyriazakis, I. Consequences of genetic change in farm animals on 
food intake and feeding behaviour. Proceedings of the Nutrition Society 2001; 
60(1): 115-125.

Greenwood, M.W., Cramer, K.R., Clark, P.M., Behnke, K.C., and Beyer, R.S. 2004. 
Influence of feed form on dietary lysine and energy intake and utilization of broilers 
from 14 to 30 days of age. International Journal of Poultry Sciences 3 189-194.

Jones, D.A., Round, J.M. Skeletal Muscle in Health and Disease: a Textbook of 
Muscle Physiology. Manchester, Manchester University Press, 1990.

Lemme, A., Wijtten, P.J.A., Van Wichen, J., Petri, A., and Langhout, D.J. 2006. 
Responses of male growing broilers to increasing levels of balanced protein 
offered as coarse or pellets of varying quality. Poultry Science 85(04) 721-730.

Neves, D.P., Banhazi, T.M., Nääs, I.A. 2014. Feeding behaviour of broiler chickens: 
a review on the biomechanical characteristics. Brazilian Journal of Poultry 
Science 16(2) 1-16.

Nir, I., Hillel, R., Shefet, G., and Nitsan, Z. 1994a. Effect of grain particle size on 
performance. 2. Grain texture interactions. Poultry Science 73 781-791.

Nir, I., Shefet, G., and Aaroni, Y. 1994b. Effect of particle size on performance. 1. 
Corn. Poultry Science 73 45-49.

Noy, Y. and Sklan, D. 2002. Nutrient use in chicks during the first week posthatch. 
Poultry Science 81(03) 391-399.

Pennycuick, C.J. Newton rules biology: A physical approach to biological problems. 
New York: Oxford University Press, 1992.

Picard, M., Melcion, J.P., Bertrand, D, Faure, J.M. 2002. Visual and tactile cues 
perceived by chickens. In. McNab, J.M. and Boorman, K.N (eds) Poultry 
feedstuff: Supply, Composition and Nutritive Value. CABI Publishing, 
Wallingford, UK, pp. 279-300.



Precision Livestock Farming ‘15810

Quentin, M., Bouvarel, I., and Picard, M. 2004. Short- and long-term effects of 
feed form on fast- and slow-growing broilers. The Journal of Applied Poultry 
Research 13 540–548.

Sainsbury, D. Poultry health and management. Saint Albans: Granada Publish Ltd., 
1980.

Svihus, B. 2011. The gizzard: function, influence of diet structure and effects on 
nutrient availability. World’s Poultry Science Journal 67 207-223.

Van Der Heuvel, W.F., and Berkhoudt, H. 1998. Pecking in the chicken (GALLUS 
GALLUS DOMESTICUS): Motion analysis and stereotypy. Netherlands 
Journal of Zoology 48(3) 273-303.

Vieira, S.L., and Pophal, S. 2000. Post-hatching nutrition in broiler. Brazilian Journal 
of Poultry Science 02(03) 189-199.

Zang, J.J., Piao, X.S., Huang, D.S., Wang, J.J., Ma, X., and Ma, Y.X. 2009. Effects 
of Feed Particle Size and Feed Form on Growth Performance, Nutrient 
Metabolizability and Intestinal Morphology in Broiler Chickens. Asian-
Australasian Journal of Animal Sciences 22(1) 107-112.

Zanotto DL, Bellaver C. Método de determinação da granulometria de ingredientes 
para uso em rações de suínos e aves (Method for determining the feed particle 
size of ingredients for pigs and poultry). Comunicado Técnico CT/215/
EMBRAPA-CNPSA. 1996. p. 1-5.

Zweers, G.A. 1982. Pecking of the Pigeon (Columba livia L.). Behaviour 81(2/4) 
173-230.

Quentin, M., Bouvarel, I., and Picard, M. 2004. Short- and long-term effects of 
feed form on fast- and slow-growing broilers. The Journal of Applied Poultry 
Research 13 540–548.

Sainsbury, D. Poultry health and management. Saint Albans: Granada Publish Ltd., 
1980.

Svihus, B. 2011. The gizzard: function, influence of diet structure and effects on 
nutrient availability. World’s Poultry Science Journal 67 207-223.

Van Der Heuvel, W.F., and Berkhoudt, H. 1998. Pecking in the chicken (GALLUS 
GALLUS DOMESTICUS): Motion analysis and stereotypy. Netherlands 
Journal of Zoology 48(3) 273-303.

Vieira, S.L., and Pophal, S. 2000. Post-hatching nutrition in broiler. Brazilian Journal 
of Poultry Science 02(03) 189-199.

Zang, J.J., Piao, X.S., Huang, D.S., Wang, J.J., Ma, X., and Ma, Y.X. 2009. Effects 
of Feed Particle Size and Feed Form on Growth Performance, Nutrient 
Metabolizability and Intestinal Morphology in Broiler Chickens. Asian-
Australasian Journal of Animal Sciences 22(1) 107-112.

Zanotto DL, Bellaver C. Método de determinação da granulometria de ingredientes 
para uso em rações de suínos e aves (Method for determining the feed particle 
size of ingredients for pigs and poultry). Comunicado Técnico CT/215/
EMBRAPA-CNPSA. 1996. p. 1-5.

Zweers, G.A. 1982. Pecking of the Pigeon (Columba livia L.). Behaviour 81(2/4) 
173-230.



Precision Livestock Farming ‘15 811

Environmental friendly poultry production using novel precision livestock 
techniques

T. Bartzanas1, D. K. Papanastasiou1, I. Skoufos2, A. Tzora2, D. Fidaros1, C. Baxevanou1, 
P. Panagakis1,3 and C. Kittas1,4

1Center for Research and Technology-HELLAS (CERTH), Institute for Research 
and Technology-Thessaly (IRETETH), Dimitriados 95 & P. Mela, 38333, Volos, 
Greece; 
²Department of Agriculture Production, School of Agriculture Production, Food 
Technology and Nutrition, TEI of Epirus, Kostakioi Artas, 47100, Arta, Greece
3Laboratory of Farm Structures, Department of Natural Resources Management & 
Agricultural Engineering, Agricultural University of Athens, Iera Odos 75, Athens 
11855, Greece
4Department of Agriculture Crop Production and Rural Environment, School of 
Agricultural Sciences, University of Thessaly, 38446, N. Ionia, Magnisia, Greece
bartzanas@ireteth.certh.gr 

Abstract

The present economic situation in poultry production forces producers to focus 
on improving efficiency in order to increase their competitiveness. Among the 
important factors in achieving improved efficiency is the provision of an optimal 
building environment with low Greenhouse Gases (GHGs) emissions. The 
present paper summarises the main results of a national (Greek) project running 
under the auspices of the General Secretariat for Research and Technology. The 
GreenPoultry project tackles a subject of great economical and social importance 
for the Greek regions, especially for those where livestock operations are very 
intense (e.g. Epirus). Poultry breeding constitutes the most dynamic sector of 
Greek stock-raising representing 5% of the agricultural economy and 10% of the 
animal sector, while the number of raised birds has increased 75% during the last 
three decades. In parallel, poultry farms are considered as major rural pollutants 
and energy consumers. The main goal of the GreenPoultry project was to reduce 
the environmental footprint of poultry facilities through a sustainable reduction of 
released air pollutants and GHGs along with a decrease in energy consumption. This 
was achieved among others through the use of precision livestock farming (PLF) 
techniques. A set of wireless sensors for measuring environmental and climate 
parameters was installed in commercial poultry farms. Project’s results include 
best design techniques concerning the poultry facility construction (i.e. building 
geometry and construction materials, ventilation techniques, dimensionalizing, 
positioning and operation strategy of E/M systems, etc.) that can lead to favorable 
indoor microclimate and energy reduction.

Keywords: environmental footprint, wireless network, energy audits, computational 
fluid dynamics, poultry production, Greece
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Introduction

Air pollutants and GHGs emitted by livestock (including poultry) operations represent 
potential risk to farmers’ health, livestock and residents in the vicinity, as well as to the 
global environment. In this context modern animal producers are facing an increasingly 
complex situation of dealing with these emissions and at the same time maintaining 
high production efficiency of poultry farms. Field measurements of gas and PM levels 
at commercial livestock buildings (LBs) have been previously addressed (Wathes, 
1997; Phillips et al, 2000) as well as advances in monitoring techniques (Ni and 
Heber, 2001). Most of research is devoted to NH3, as NH3 is considered as the most 
annoying emission arising from broiler houses (Casey et al, 2003). Moreover, in a 
poultry farm 12-16 MJ/t of chicken or 60-80 kWh/m2 per year are consumed. This 
energy consumption is a source of GHGs emissions that could be reduced by 20-25% 
with appropriate interventions in building envelope construction and E/M equipment 
(Vriesa and Boer, 2010). It is worth noticing that the reduction of energy consumption 
in agricultural sector has been set as a priority in EU (European Forum ‘Livestock 
housing for the future’, 2009, France) due to the increase of energy price and the need 
for sustainable development. 
One of the important factors to succeed improved efficiency is the provision of an 
optimal indoor environment (acceptable air quality including gas, particulate matter 
(PM) and microbial concentrations, controlled temperature (T), relative humidity 
(RH) and ventilation rates, etc.). For instance, the release rate of NH3 depends on the 
indoor air T, whereas the formation of secondary PM depends on humidity, which also 
depends on the manure water content (Bjerg et al, 2013). Additionally, a combination 
of high ambient T and high humidity imposes heat-stress upon animals (Papanastasiou 
et al, 2014), which affects their biological functions. The indoor microclimate can be 
passively controlled through the building geometry and the arrangement of openings. A 
method that has also been applied to reduce NH3 emissions from LBs is the use of TiO2 
which can transform NH3 into N2, N2O or NO and water (Guarino et al, 2008). Active 
control strategies have also been examined to optimize the indoor microclimate in 
LBs, like combined (natural and mechanical) ventilation (Ecim-Djuric and Topisirovic, 
2010). Although increasing ventilation rates tend to increase PM levels (Banhazi et al, 
2008), certain optimized ventilation systems could improve air quality. So, there is still 
a knowledge gap for the proper and optimum design of ventilation systems in order to 
improve indoor microclimate and reduce PM levels. 
The above constraints were addressed by a project funded from the Greek Secretariat 
for Research and Technology, the GreenPoultry project. The present paper focus in 
two issues: a) microclimate and b) energy audits of poultry facilities

Materials and Methods

Measurements
Climate [T, RH, wind speed (WS), wind direction (WD)] and air pollution (NH3 
and PM concentration) were monitored inside poultry farms by means of the 
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equipment that is presented in table 1. An integrated telemetry system (Adcon, 
Austria) consisting of short range remote telemetry units (A723 addIT Series 4) and 
a remote wireless modem (RA440) was used to collect and transfer the data recoded 
by the anemometers and the NH3 analyzers. Telemetry systems provide considerable 
support to PLF applications as they can offer access to measurements in almost real 
time. A meteorological station (imetos, Pessl, Autsria) was installed outside each 
farm to record outdoor meteorological parameters (T, RH, WS, WD, total solar 
radiation, precipitation).    

Table 1: Equipment used in GreenPoultry project

Parameter Instrument
T Hobo Pro v2, Onset, USA – 3D anemometers, Gill, UK
RH Hobo Pro v2, Onset, USA
WS, WD 2D and 3D anemometers, Gill, UK
NH3 concentration Aeroqual, New Zealand
PM concentration Grimm 107, Germany

Numerical model
Computational fluid dynamics (CFD) is a sophisticated design and analysis tool 
that uses computers to simulate fluid flow, heat and mass transfer, phase change, 
chemical reaction, mechanical movement, and solid and fluid interaction. CFD models 
can render efficiently and accurately the quantification of the variables that drive the 
microclimate inside LBs. Additionally, parametric investigation can be conducted 
studying the impact of the outdoor WS and WD on the distributions of air flow, T and 
NH3 in specific points inside the LB (Bartzanas et al, 2004, 2007, 2013). The technique 
enables a computational model of a physical system to be studied under many different 
design constraints. CFD enforces these conservation laws over a discredited flow 
domain in order to compute the systematic changes in mass, momentum and energy as 
fluid crosses the boundaries of each discrete region (Versteeg and Malalsekeera, 1995). 
Special item such as the air vapour pressure and the concentration of air pollutants 
gases were simulated using specific user define functions. 
In our project the FLUENT CFD code was used to simulate microclimate and NH3’s 
distribution and emissions in poultry farms. The leakage and dispersion of NH3 can be 
characterized as ‘species mixing problem without reactions’ model. More information 
for the used numerical (CFD) model, the method, the boundary and initial conditions, 
can be found in Markousi et al (2015).

Energy audits protocol
A method for energy audit (procedure and calculations) and the results of its 
application in two broiler poultry farms (each one with 7 chambers) situated the one 
in cold mountainous area and the other in lowland tempered climate area in Greece 
will present here. A typical energy audit procedure comprises the following phases:
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a) Site visit. During this visit the auditor i) records the installed equipment which 
consumes energy (kind of equipment, power, number of identical devices, efficiency 
coefficient, chamber and position in the chamber where it is installed, operational 
characteristics), ii) interviews the farm manager in order to collect information 
about the breeding regime and details about the operation techniques, iii) records 
the construction characteristics (geometrical characteristics, size and position 
of openings, construction materials and insulation etc) and iv) records the basic 
characteristics of the surrounding area

b) Collection of data: i) plans of the chambers and of the surrounding area, ii) 
specifications, manuals of installed equipment, iii) existing measurements of 
energy consumption, iv) energy consumption in terms of electrical consumption 
bills and fossil fuels invoices, v) production data (capacity of each chamber, annual 
production in terms of bird number and average bird weight) and vi) local climatic 
regime (annual variation of T, humidity, WS, WD)

c) Measurements and recording. Instantaneous measurements of indoor microclimate 
characteristics and long time monitoring of electrical consumption 

d) Analysis of collected data in order to: i) allocate the installed power according to the 
consumption type (heating, cooling, feeding, lighting etc), ii) determine operating 
hours of each device, this is the most difficult and crucial phase of the energy audit 
and comprises calculation of heating, ventilation and cooling needs and analysis 
of the real consumption time series as they have arisen from the energy invoices, 
iii) calculate the distribution of energy consumption per chamber and consumption 
type

e) Calculation of energy indices per production unit, per area square meter 
f) Comparison and allocation of the i) high energy demanding equipment and 

processes and ii) inefficient energy equipment and processes
g) Proposals for improvement of energy consumption 

Results and Discussion

T levels
Indicative T levels recorded in the centre of a poultry house located near the west coast 
of central Greece during the period 27/08/2014 (10th breeding day) – 28/09/2014 (42nd 
breeding day, one day before slaughtering) are presented. Figure 1 shows the variation 
of the daily maximum and minimum hourly T value, as well as the variation of the 
daily average value, and the corresponding linear trends. Figure 1 indicates that the 
daily average T value exhibited an acceptable trend, as it decreased approximately 
from 28 oC to 21 oC during the examined period. Additionally, figure 2 presents the 
averaged diurnal variation of T and reveals that the diurnal T range was 4.8 oC. 

Numerical model
Figure 3 presents the solution domain and the distribution and emissions of NH3. The 
NH3 distribution inside the poultry building is guided mainly by the building geometry 
and the air stream as a result of the outdoor WS and the location of the ventilation 
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openings. NH3 concentration was higher in the middle of the building and it was 
reduced near the vents openings. The WD did not seem to affect quantitatively NH3 
concentration and its minimum and maximum values inside the building. However, its 
distribution and the degree of heterogeneity were affected.
In the outdoor environment, NH3 emissions were affected by the topography of the 
area and mainly from the nearby poultry facilities. More results for the distribution and 
emissions of NH3 can be found in Markousi et al (2015).

Energy audits
Figure 4 presents the distribution of the total and the electrical energy consumption 
for all the chambers of each poultry farm. As it has been already pointed out, in the 
lowland farm the electrical energy consumption approached the thermal energy. As far 
as the distribution of electrical energy concerns, the share of cooling was higher in the 
lowland area although it was difficult to distinguish ventilation and cooling, especially 
in the old technology chambers, and it was decided to consider their sum. The share of 
energy consumption for feeding increased in the mountainous farm and this could be 
attributed to the lower automation level of the old chambers in the mountainous farm. 
The difference in the lighting energy share could be attributed to the low light levels 
that were confirmed with relevant measurements in the mountainous farm.

Figure 1: Daily maximum hourly T value 
(red curved line) and corresponding 
linear trend (red dashed line), daily 
average T value (green curved line) and 
corresponding linear trend (green dashed 
line), daily minimum hourly T value 
(blue curved line) and corresponding 
linear trend (blue dashed line)

Figure 2: Averaged diurnal T variation
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Figure 3: Solution domain and NH3 distribution in the poultry building

Figure 4: Energy consumption distribution for lowland (left) and mountainous 
(right) farm

PLF impact
Wireless networks and CFD modelling support decisively PLF approaches. Wireless 
networks can provide almost real time measurements, while CFD simulations can 
provide information for all the building volume. These tools can inform the farmer 
about the climate and air quality that prevails inside the farm and provide her/him the 
opportunity to take immediate actions, if needed, e.g. ventilation control, to improve 
indoor microclimate, which is a major factor in production efficiency for broilers, in 
order to generate the most profitable conditions for broiler production. 
Many studies have been conducted that related air quality and climate to 
physiological responses and welfare of broilers and indicatively some results are 
mentioned here. Costa et al (2012) reviewed scientific research studies that related 
different behaviours to chicken welfare. Poultry behaviour is a reflex of their 
welfare status at a particular moment, and it is related to internal (physiological) and 
external (environmental) factors. Zhou and Yamamoto (1997) examined the effects 
of environmental T and the increased heat production attributable to food intake 
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on thermoregulatory physiological responses (i.e. abdominal T, shank skin T and 
respiration rate). They suggested that at high environmental T, feeding management 
has to be arranged so as to restrict the increase in heat production and alleviate the 
effect of environmental T. May and Lott (2000) found a relation between rearing T 
and mortality. Wei et al (2014) showed that humidity and NH3 could have a combined 
effect on broilers causing a significant reduction to growth performance, blood and 
muscle antioxidative capacities, and meat quality of broilers. Olanrewaju et al (2009) 
stated that NH3 concentration can trigger modifications of blood gases, electrolytes 
and acid-base balance. 
Figure 5 shows the broilers weight gain in the same poultry house where presented T 
was recorded and during the same period. Figure 5 reveals that indoor environmental 
conditions were sufficiently controlled, as the actual profile of body weight fit well 
to the targeted one.   

Figure 5: Body weight gain (target: solid line; actual: dashed line)

Conclusions

T levels inside poultry farms were adequately controlled. Efforts could be made to 
reduce the diurnal T range. CFD can be a powerful tool for analyzing and assessing 
the distribution of climate and environmental parameters in LBs. Building geometry, 
the location and area of ventilation openings and the topography of the area seem 
to be the most important factors that affect the homogeneity of distribution of the 
environmental parameters. Concerning the energy consumption, it varied between 
0.87 kWh/bird, for a new technology chamber, to 1.23 kWh/bird, for an old 
technology chamber. The energy consumption per unit area varied between 60 – 82 
kWh/m2, depending on the site and the technology used.
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Abstract

The photoperiod length and the type of light may influence both growth and 
behaviour of reared birds. The aim of this study was to evaluate broilers’ behaviour 
when exposed to different LED colours. The study was carried out using a total 
of 1,296 male and female broilers reared until they were 42 days old. Broilers 
were randomly distributed in a 2x3 factorial scheme, with two sexes and three 
light sources, using six treatments and four repetitions. 54 birds per experimental 
unit were used. Two LED light source colours were tested. Broilers were reared 
under blue (480 nm) and red (660 nm) monochromatic lights and fluorescent 
light (6500 K, 15 lx). Their behaviour was analysed by indirect monitoring using 
pictures and vídeo footage. Four video footages of 5 min each were taken in each 
treatment at 28, 35 and 42 d of grow-out, with a total of 72 sets of video footage. 
The behavioural repertoire was recorded as an ethogram. There was a correlation 
(P<0.05) between birds’ age, sex and light source for eating, drinking, exploring 
and feather pecking behaviours. The highest frequency of behavioural values was 
obtained in birds exposed to fluorescent light (1.67 eating; 0.83 preening) and red 
LED (2.00 drinking; 0.54 foraging). Results showed that birds exposed to red LED 
light and a compact fluorescent lamp were more active than broilers exposed to 
blue LED.

Keywords: poultry welfare, Light Emitting Diode, vision

Introduction

Most domesticated animals reared for high productivity are housed in artificial 
environments in terms of lighting, ventilation and limited space. Artificial lighting 
is essential in poultry production, the primary role being to improve the feed 
consumption of broiler chickens throughout the rearing period (Bayraktar et al, 
2012; Blatchford et al, 2012). Studies of the conditions in which poultry are reared 
are becoming increasingly important for producers and consumers. The lighting 
program, light intensity and colour are among the rearing variables that need to be 
handled properly in order to ensure that the birds have a normal circadian rhythm 
(Huber-Eicher et al, 2013; Rozenboim et al, 2013). 
Although the effects of light on broiler growth performance have been widely studied 
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(Halevy et al, 1998; Cao et al, 2012; Borille et al, 2013; Mendes et al, 2013; Santana et 
al, 2014), there is still little information on the effect of wavelength on broiler health, 
behaviour and welfare (Er et al, 2007). The light environment may affect domestic fowl 
through interactions between physiological and behavioural responses. Kristensen et 
al, (2007) found that broilers showed a resistant time-budget across light sources and 
intensities; however, age and time of day affected most behaviours studied. Increased 
light intensity resulted in more pronounced behavioural rhythms (Blatchford et al, 
2009), while broilers showed more foraging behaviour in dim light than bright light 
intensities (Newberry et al, 1988; Kristensen et al, 2007). Keeping broilers in constant 
low-intensity light is a common practice aimed at reducing aggression, but it may be 
detrimental to their welfare (Martrenchar, 1999; Blatchford et al, 2009). In contrast, 
bright light may also be stressful, indicating that light intensity plays a significant role 
in broilers’ behaviour and well-being (Morgan & Tromborg, 2007). 

Given the dearth of information, the objective of the present study was to evaluate 
whether different sources of light (fluorescent and LED) could interfere with the 
normal behaviour of broilers.

Materials and Methods 

The present study was carried out from May to July in the experimental aviary at the 
Federal University of Grande Dourados, Brazil. The experiment was approved by the 
university’s ethics committee CEUA (010/2013). 

Birds, husbandry and experimental design
A total of 1,296 broilers (male and females) from the Cobb® 500 genetic strain 
were reared in boxes measuring 4.5 m², with a final flock density of 12 birds/m². 
The ambient housing data with regard to dry bulb temperature and relative humidity 
were all based on the recommendations in the genetic strain manual (Cobb-Vantress 
Manual, 2013). The litter substrate was rice hulls (5 cm). Broilers were reared for 42 
d with water and feed ration ad libitum. The feed ration was commercial and balanced 
to correspond to the four production phases (pre-initial, initial, growth and final). 
The boxes were isolated using a black polypropylene curtain to prevent interference 
between treatments. Heating during the brooding period was provided by infrared 
lamps. Exposure to LED and fluorescent lights started after the 10th day of grow-out. 
The lighting program used throughout the period was continuous illumination with 
23L: 1D (Win-bin et al, 2010). 

Broilers were randomly distributed in a 2x3 factorial scheme, with two sexes and three 
light sources, using six treatments and four repetitions. 54 birds per experimental unit 
were used. Two LED light source colours were tested. Broilers were reared under blue 
(480 nm) and red (660 nm) monochromatic lights and fluorescent light (6500 K, 15 
lx) as a control from day one until day 42.
Broiler behaviour
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Broiler behaviour was analysed by indirect monitoring using pictures and vídeo 
footage (Bizeray et al, 2002). Four video footages of 5 min each were taken in each 
treatment at 28, 35 and 42 d of grow-out, giving a total of 72 video footages. The 
videos were recorded at 09:00 p.m., because even with a continuous lighting program 
with 23 hours of light, the aviary side curtain was yellow in colour and might have 
interfered with natural light treatments. After video recording, three broilers were 
randomly chosen for observation throughout the footage as suggested by Altmann 
(1974). Their behavioural repertoire was recorded as described in Table 1. 
Table 1: Ethogram description of the observed behavioural repertoire in broiler 
chickens during the study.

Behaviour Description
Lying down SE The bird sits or lies down on the litter.
Eating CO Birds consume feed ration on the feeder.

Drinking BE Birds stand in front of the drinker and drinking water.

Preening EP The bird cleans its feathers with the beak, stimulating 
the uropygial gland. 

Non-aggressive 
pecking BN Bird pecks another bird slightly in a non-aggressive 

way. 

Aggressive 
pecking BA Bird pecks another bird aggressively, provoking a 

defensive reaction including feather pecking.

Pecking objects BO Bird pecks objects such as the feeder, drinker or other 
parts of the box.

Stretching ES The bird stretches one wing and one leg on the same 
body side and ruffles its feathers.

Foraging CI Movement involving scratching the litter with its feet, 
searching for food in the litter.

Standing PA The bird stands still, not moving.

Statistical analyses
Behavioural data were analysed using Kruskal Wallis, and when they differed Tukey 
tests were performed. The analysis was performed using the statistical software R 
Core Team (2013).



Precision Livestock Farming ‘15 823

Results and discussion

Broiler behaviour
No correlation was found (P>0.05) between the broilers’ age, sex and light source 
and the behaviours of sitting, non-aggressive pecking, aggressive pecking, pecking 
an object, standing and stretching (Table 2). Males spent more time sitting (P<0.05). 
This result might be related to the fact that males have a higher body weight than 
females (Santana et al, 2014), and consequently they may remain seated for longer, 
seeking rest. In this study, it was found that birds at 28 d of growth have a higher rate 
of aggressive non-pecking behaviour. The findings of Blatchford et al (2012) indicate 
that birds begin pecking within the second week of age due to establishment of the 
social hierarchy, and this behaviour become more frequent after the seventh week 
in males, and after the ninth week in females. However, in the present study, which 
simulated the Brazilian broiler production cycle, birds were slaughtered around the 
sixth or seventh weeks, before the development of dominance in the social hierarchy. 
JanHo & Velmurugu (2009) observed a higher frequency of pecking behaviour in 
birds exposed to red light, which is different from the results of the present research. 

Table 2: Average values for behavioural time budget of broilers exposed to different 
colours of LED compared to the fluorescent lamp.

Behaviour
SE BN BA BO PA ES

Sex
Male 2.03a 0.10 0.01 0.03b 0.61 0.85

Female 1.70b 0.04 0.03 0.12a 0.55 0.80
Age (days)

28 1.46b 0.14a 0.06 0.13 0.47 0.65b
35 2.33a 0.03b 0.00 0.03 0.57 1.11a
42 1.81b 0.04ab 0.00 0.07 0.71 0.71ab

Light 
source

Blue LED 1.71 0.13 0.03 0.03 0.42 0.76
Red LED 1.85 0.06 0.01 0.06 0.74 0.71

Fluorescent 2.04 0.03 0.01 0.14 0.60 1.00

SE (seated), BN (non-aggressive pecking), BA (aggressive pecking), BO (pecking 
object), PA (stop) and ES (stretch). Averages followed by different letters in the 
column differ from one another using the Tukey test with 95% significance.
Light sources did not influence (P>0.05) some behaviours (sitting, non-aggressive 
pecking, aggressive pecking, pecking object, stop and stretching; Table 2). The 
change in these behaviours might be related to light intensity rather than the 
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wavelength (colour of light), because in this study the light intensity was the same 
for all treatments, differing only in the wavelength, as verified by Kim et al (2014) 
who observed a difference only in the presence of light, and not between the LED 
colours. Vercellino et al (2013) compared the effect of light through the management 
curtain and found that broilers remained lying for a longer time when exposed to 
lower luminous intensity. Some studies evaluating light intensity have found that 
a low intensity reduces bird activity (Prayitno et al, 1997; Blatchford et al, 2009; 
Blatchford et al, 2012).

Acorrelation (P<0.05) between the age of birds and the light source was identified 
in relation to eating behaviours, drinking, exploring and feather pecking (Table 3).

Table 3: Average values of the behaviour frequency correlation between age and 
light source in broiler chickens exposed to artificial LED lighting compared to 
fluorescent lamp.

Age
(d) Treatment CO BE EP CI

Blue LED 0.67 0.63 0.25 0.08b
28 Red LED 0.42 0.42 Y 0.46 0.54aX

Fluorescent 0.71 Y 0.33 0.46 0.29abX
Blue LED 0.50b 0.71b 0.58 0.00

35 Red LED 0.04b 2.00aX 0.21 0.00 Y
Fluorescent 1.67aX 0.25b 0.33 0.00 Y
Blue LED 0.38 0.21 0.29b 0.08

42 Red LED 0.38 0.42 Y 0.42b 0.04 Y
Fluorescent 0.63 Y 0.42 0.83a 0.08 XY

CO (eating), BE (drinking), EP (preening) and CI (foraging). Means followed by a 
letter (lower case within the age (a, b) and upper case between ages (X, Y)) differ 
from one another by Tukey test using a 95% significance level.

Mendes et al, (2013) comment that foraging is a natural characteristic and behaviour 
of birds and occurs when they explore their territory with their feet and beak. In 
the present study, at 28 d of growth, in the treatment in which the broilers were 
exposed to red light LED, a greater frequency of foraging behaviour was observed 
(P>0.05), and the males were more active in this specific behaviour (Figure 1). 
JangHo & Velmurugu (2009) stated that light colour can impact broiler performance 
and behaviour. Standing and walking behaviours were more prevalent in birds reared 
under red light at 4 to 18 days than during the remaining grow-out period. Solangi et 
al, (2004) described aggressive behaviour of broilers under white light as compared 
to red and blue light colour.
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Figure 1: Average percentage of eating and drinking behaviour of broilers at 35d 
exposed to artificial lighting in different colours.

Broilers 35d old reared under red LED light drank water more often than others. 
There was a higher frequency of eating in the group of broilers exposed to the 
fluorescent lamp (Figure 1). According to Mobarkey et al. (2010), birds might not 
see the light with short wavelengths (blue and green) accurately, thus reducing the 
time they spend eating. Red light makes birds more active (Prayitno et al, 1997; 
Mahmood & Abbas, 2014), which may cause stress and consequently a reduction 
in food consumption. Light intensity plays a vital role in broiler behaviour. Deep 
et al, (2010) found that birds housed in less intense light laid more and foraging, 
preening, dust-bathing, stretching and wing-flapping behaviours decreased when 
the light intensity was high.

Broilers’ time budget for preening differed only at 42 d, and birds exposed to 
lighting with a compact fluorescent lamp exhibited a higher frequency of this 
particular behaviour (P<0.05; Figure 2). Although preening behaviour might be 
indicative of discomfort, (Prayitno et al, 1997) Barehan (1976) reports that the 
presence of dirt on the birds’ feathers might lead to a greater need to explore and 
clean them.
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Figure 2: Average percentage of preening behaviour of 42 d old broiler chickens 
exposed to artificial lighting in different colours.

When the power factor and light are compared, birds in housing illuminated with the 
compact fluorescent lamp had a higher frequency of eating (35 d - growth phase) and 
scratching (28 d). Broilers exposed to the environment with the red LED treatment 
showed the highest level of drinking behaviour (35 d) and foraging (28 d; Figure 3). 
Given that the increased activity might induce thermal stress (JangHo & Velmurugu, 
2009), as a consequence there would be a trend towards increased water intake.

Figure 3: Average percentage of foraging behaviour of 28d old broiler chickens 
exposed to artificial lighting in different colours.

Conclusion
When exposed to a red LED and a fluorescent light source, birds were more active 
(eating, drinking, preening and foraging) than those reared under blue LED lighting. 
These results did not compromise broiler welfare, indicating that LED light sources 
can be used in broiler production. 
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Abstract

The study was conducted at the School of Veterinary Medicine of Animal Science, 
Brazil (22o53’16”S and 48o26’45”W) using 300 male broilers and 300 females 
(Cobb® 500). At 40 days the birds were evaluated for gait score (GS), and were 
assigned grades between 0 (optimal) and 5 (bird could not walk). Six birds 
from each score in each treatment were then filmed for body posture evaluation, 
achieved using software which evaluated the body angulation of the bird relative 
to the ground. At 42 days the chickens were slaughtered, then the carcass and 
breast percentage were calculated. The data were obtained using Proc-Freq from 
SAS. More females were classed as gait score 0 and gait score 1, while more males 
were classed as gait score 2, 3, 4 and 5, because females were lighter and exhibited 
better walking ability. Even in males with a worse gait score, the carcass and breast 
percentage for each gait score were similar to the females, averaging 76.70% for 
carcass and 40.75% for breast with skin and bone. For both sexes, gait score is 
associated with body posture, and gait score increases as the body angle of the bird 
relative to the ground decreases In conclusion, carcass and breast percentage may 
not influence the walking ability of broilers. 

Keywords: body posture, body angulation, gait score, poultry, shooting

Introduction

Among the methods used to detect locomotion problems, the gait score test is 
important because it is a non-invasive method, with scores and classification 
according to the bird’s walking ability. This methodology is used as a welfare 
index for broilers, because difficulty in walking may be caused by a high stress 
level.

The gait score index has been deteriorating because modern broiler chickens are 
selected for high breast deposition. This process has resulted in changes to the 
birds’ centre of gravity (Alves et al., 2012). The same authors reported changes in 
body posture and angulation, resulting in prostrate behaviour which is probably 
the most comfortable behaviour with a lower energy requirement for birds with 
locomotion problems. 
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Many hypothesis have been proposed to try explain this change in birds. Chandler 
(1990) attributed this change to a deficiency in the physical and structural capacity of 
broiler chickens to support the weight in specific areas such as the breast and chest.

New technologies have been used to help researchers to develop methodologies 
to measure broiler welfare. The use of audiovisual media enables the researcher to 
measure and analyse data precisely, and to use the recorded material for further analysis. 
Audiovisual media are simple to use, and do not require a high investment, resulting in 
a highly workable alternative which is capable of generating good results. The aim of 
this study was to evaluate whether the walking ability of broilers is influenced by body 
angle and breast yield. 

Material and methods

Experimental management 
The experiment was carried out at the experimental facilities of the School of 
Veterinary Medicine and Animal Science - UNESP - Sao Paulo State University, Brazil 
(22o53’16”S and 48o26’45”W) according to the guidelines and with the approval of 
the Institutional Animal Care and Use Committee of FMVZ, protocol 96/2013-CEUA. 
In total, 600 one-day-old broiler chickens of the Cobb® 500 strain (300 male and 300 
female) were assigned to a completely randomised experimental design. 

All birds were managed in the same way throughout the experimental period, all 
diets contained equal protein and energy levels, and water and feed were provided ad 
libitum. The feeding program included five phases: pre-starter (1-7 days), starter (8-14 
days), grower I (15-21 days), grower II (22-35 days) and finisher (36-43 days).

Gait score
The gait score was evaluated at 40 days of age by a trained observer. All birds were 
classified according to their walking ability. The experiment used a box with litter 
which was at least 1 metre in length and was placed in the aisle in advance to allow the 
birds to become accustomed to the environment.
   
The birds’ walking ability was classified on a six-point scale: gait score 0 - birds 
walking normally; gait score 1 - birds with mild difficulty in walking; gait score 2 - 
birds walking with difficulty; gait score 3 - birds with compromised walking ability; 
gait score 4 - birds with severe walking problems and gait score 5 - bird could not walk 
(Kestin et al., 1992).

Image recording and body angulation measurement 
At 42 days of age, six birds of each sex and from each gait score underwent a new gait 
score test which was video recorded. The camera used was a Sony Handycam Memory 
Flash PJ200, equipped with a Lente Carl Zeiss® Vario-Tessar® lens. The AVI video 
format was recorded at 1929x1080 resolution and a speed of 60 frames per second 
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(FPS). The camera was fixed in place using a tripod at a distance of 1 m from the test 
area and a height of 15 cm.

The bird was considered equivalent to a spherical calotte (a truncated hemisphere of 
height h) (Figure 1). The centre of mass was calculated, and the centre of symmetry was 
found, and from these data the equilibrium state and the posture angle were estimated. 
First, the hemisphere radius was determined, and this value was constant for all the 
analysed images. Then a line parallel to the radius of the calotte was drawn from the 
base of the cloaca at one end to the wattle at the other end. The difference between the 
calotte radius and the parallel line gave the value for the height of the calotte. It was 
a function of the size of the bird. The centre of gravity position from the centre of the 
hemisphere (EC) was then calculated (Equation 1). 

EC= ¾ ((2r - h)2 / (3r – h))                                                                                        (1)

where: EC- condition of balance on the centre of gravity; r- radius of the sphere and 
h- height of the calotte. 
 

Figure 1: Estimating the broilers’ equilibrium condition (EC) and the postural angle.

To measure the angulation of the hemisphere, a vertical line was drawn between 
the centre of gravity and the ground passing through the bird’s footpad, which 
is determined by intersection of the axis from the horizontal line. The angle was 
measured: the smaller the angle, the more prostate is the bird.

  

EC 

r 
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Carcass and breast yield 
The following day, at 43 days of age, birds were transferred to the experimental processing 
plant. All birds were individually weighed before slaughter and killed by cutting the 
carotid artery and the jugular vein after electric stunning. After scalding, defeathering 
and manual evisceration, the feet, head and abdominal fat were removed. The carcass 
was weighed and the yield calculate as: Carcass yield = (Carcass weight (g) x 100) / live 
weight (g); expressed as a percentage

The boneless-skinless breast fillet was subsequently extracted: 
Breast yield = (Breast weight (g) x 100) / carcass weight (g); expressed as a percentage

Statistical analysis 
The data showed homogeneity of variance (p>0.05) using the Levene method and 
non-normal distribution (p<0.05) using the Shapiro - Wilk test. The data for each score 
were then analysed using a frequency procedure. Body angulation was analysed using 
ANOVA, and the means were compared using the Tukey test (p>0.05).

Results and discussion

The gait score 0 and 1 were more frequent in females and the other scores were more 
common in males (Figure 2). These results were related to female size as they are lighter 
and consequently walk more easily, as described by other authors (Mendes et al., 2012).

The body angulation for males and females follows the same trend, with no differences 
between sex. As the gait score increased, the body angulation in relation to the floor 
decreased, averaging 85º for gait score 0 and 58º for gait score 4. The birds with gait 
score 5 were lying down, therefore the angle was 0º.

Figure 2: Frequency of gait score in male and female broilers.
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The carcass and breast yield were similar for males and females (Figure 3 and 4). 
However, this yield was not influenced by gait score. Similar results have been 
obtained in other studies (Alves et al., 2012), showing that the carcass and breast 
percentage are not related to gait score.

Some authors have observed that, during the first weeks, there is no difference in 
growth and bone fixation between male and female broilers (Angel, 2007). However, 
other studies of bird development have noted that the males presented stronger 
skeletal and better bone strength than females (Reis et al., 2011; Runho et al., 2001). 
This was not confirmed in this study for females with more breast deposition, because 
the carcass and breast yield were similar for males and females. 

Figure 3: Carcass and breast yield in female broilers, by gait score.

Figure 4: Carcass and breast yield in male broilers, by gait score.
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Conclusion

For both sexes, gait score is associated with body posture. An increase in gait score 
occurs as the body angle of the bird decreases relative to the ground. Therefore 
carcass and breast percentage may not influence the walking ability of broilers. 
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Abstract

The study was conducted at the School of Veterinary Medicine of Animal 
Science, Brazil (22o53’16”S and 48o26’45”W). The experimental design was 
completely randomized with a 2x2 factorial treatment (two strains - Cobb®500 
and Ross®308 and two sexes), with six replicates of 50 birds each. The aim was 
to evaluate the walking ability of broilers with different gait scores. The study 
used 1,200 one-day-old broilers, all receiving a diet with the same nutritional 
composition. At 40 days, the gait score (GS) of all the birds was assessed and 
birds were assigned grades between 0 (optimal GS) and 5 (bird could not walk). 
The walking ability of six birds with each score in each treatment was then filmed 
for assessment purposes. These broilers were medicated orally with an analgesic 
solution of metanizole sodium and filmed again after 60 minutes. Software was 
used to take three measurements of average speed achieved by representative 
broilers with each GS. The data were analysed using software from SAS. Analysis 
of variance (ANOVA) was performed and means were compared using the Tukey 
test at 5% probability. There was no difference between strains (p>0.05). There 
was a difference (p<0.05) in average speed between GS 0 and the other GS 
levels without the use of analgesics. However, when the birds were medicated 
there was an increase in bird speed (p <0.05), especially in GS 2, 3 and 4. The 
males were slower than the females because males were heavier and showed less 
walking ability The time taken to walk one metre decreases when the birds are 
medicated with analgesics. 

Keywords: poultry, video recording, gait score

Introduction

Gait score has become a widely used tool in the poultry industry because it can 
predict welfare through a visual assessment of lameness in the broiler house 
(Fernandes et al., 2012). In this area new technologies have helped researchers 
to develop new methodologies to measure welfare. The use of audiovisual media 
allows researchers to measure and analyse data precisely. This work can be 
carried out in a simple way, and there is no need for large investments, resulting 
in a highly workable alternative that could generate very good results.
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The walking speed of lame birds differs and this speed makes it possible to 
demonstrate the impact of pain on walking with, in most cases, an improvement 
after the administration of an analgesic (Caplen et al., 2012). The aim of this 
study was to evaluate changes in the walking ability of broilers with different 
gait scores after the administration of analgesics.

Material and methods

Birds and experimental management 
The experiment was carried out at the experimental facilities of the School 
of Veterinary Medicine and Animal Science – UNESP. The study used 1,200 
one-day-old broilers distributed in a randomised block design, allocated to 2x2 
factorial treatments (males and females, and Ross®308 Cobb® 500 strains), 
totalling four treatments with six replicates of 50 birds each. All birds were 
managed in the same way throughout the experimental period. Water and feed 
were provided ad libitum.

Gait score
At 40 days, the gait score (GS) of all the birds was assessed by a trained observer, 
using a six-point classification scale from 0 (birds walking normally) to 5(total 
inability to walk): gait score 0 - birds walking normally; gait score 1 - birds with 
mild difficulty in walking; gait score 2 - birds walking with difficulty; gait score 
3 - birds with compromised walking ability; gait score 4 - birds with severe 
walking problems and gait score 5 - bird could not walk (Kestin et al., 1992).

Video recordings
The video recordings were taken after all the birds in the study had undergone 
the GS test. In this step, 36 Cobb®500 and 36 Ross®308 birds were chosen from 
all treatments, with the aim of showing the particular characteristics of each GS 
while the birds were walking. 

The images were recorded in a test area which simulated the pen environment: 
1m long, 30 cm wide, flat area and rice husk (8 cm deep) as litter. Acrylic boards 
50 cm high were placed along the sides of the track to define the test area and 
allow recording with minimum distance variation.

Selected birds were subjected to another GS test, which was video recorded. The 
camera used was a Sony Handycam Memory Flash PJ200, equipped with a Carl 
Zeiss® lens with Vario-Tessar® glass. The AVI video format was recorded at 
1929x1080 resolution and a speed of 60 frames per second (FPS). The camera was 
fixed at a distance of 1 m from the test area and a height of 15 cm using a tripod.

The recorded images were used to measure the speed (s/m) achieved by the 
broilers during walking for the different gait scores studied. 
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Analgesic administration
Selected birds were medicated orally with a fast-action analgesic (metanizole 
sodium), according to Nääs et al. (2009). This medication is used as a human 
analgesic, and is used in animal studies in some countries. The amount of analgesic 
administered was related to the bird’s weight (1 drop to 1 kg live weight). The 
birds were weighed one by one and the amount of analgesic to be administered 
was calculated on the basis of the absolute body weight. The chickens therefore 
received the exact amount of analgesic necessary for their body weight, even if it 
was necessary to dilute the analgesic in water so that the chickens received 3.5 or 
2.5 drops, for example. After 60 minutes the GS test was performed again under 
the effect of the analgesic and video recorded to assess the time that the birds 
took to travel one linear metre (s/m). 

Statistical analysis
The data were analysed using the SAS 9.2 (2004) Proc Mixed software. Analysis 
of variance (ANOVA) was performed and means were compared by Tukey test 
at 5% probability. 

Results and discussion

No interaction between the treatments was observed for average speed of broilers. 
Without analgesic administration, differences were observed (p<0.05) between 
average speed of birds with gait score 0 and other gait scores. However, with 
analgesic an increase in the average speed of birds when walking one metre 
was observed (Table 1). Male birds, with and without medication, walked more 
slowly than females (Table 2). The strain does not influence the walking speed of 
broilers (p>0.05, Table 3). For birds with gait score 5, the walking speed was not 
measured independently of analgesic administration, since birds with gait score 
5 did not walk. 
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Table 1. Speed comparison: mean time for broiler chickens with different gait 
scores before and after analgesic administration, values expressed in centimeters 
per second.
 

Time to walk one metre (cm/s)

Gait 
Score

Without analgesics With analgesics

Female 
Cobb

Male 
Cobb

Female 
Ross

Male 
Ross Mean Female 

Cobb
Male 
Cobb

Female 
Ross

Male 
Ross Mean

0 18.16 17.42 18.35 18.05 18.00a 15.87 15.74 15.98 15.80 15.85a
1 10.18 8.37 12.67 11.78 10.73b 13.07 7.47 12.95 11.30 11.18ab
2 10.90 7.40 11.32 9.02 9.66b 9.64 7.06 10.02 8.98 8.92b

3 10.32 7.50 10.84 6.57 8.81bc 8.29 6.38 8.37 5.43 7.12b

4 7.30 6.21 7.07 6.31 6.72c 7.96 5.47 6.70 5.75 6.47b
Mean 11.37a 9.38b 12.05a 10.34b 10.97a 8.42b 10.80a 9.45b
CV% 14.89 13.08 11.60 12.03 12.54 23.45 21.56 13.76

                          Probability
Sex Strain Sex*Strain

Gait Score 0 0.0052 0.0156 0.1450
Gait Score 1 0.0004 0.0262 0.1666
Gait Score 2 <0.0001 <0.0001 0.2312
Gait Score 3 0.0007 0.0318 0.4966
Gait Score 4 0.0041 0.0425 1.0000

CV %: Coefficient of variation. Means followed by different letters in the same row 
are different using the Tukey test (p<0.05).

Similar results were observed by Nääs et al. (2009) who evaluated gait score in 
broilers before and after analgesic administration. A reduction in the time that birds 
took to complete the test was observed after drug administration, mainly in birds 
with intermediate and poor scores such as 3 and 4. These authors concluded that the 
use of analgesics in birds with lameness improves their performance and speed in 
the gait score test, reducing the scores, indicating that birds with walking problems 
feel pain, thus reducing their welfare. Walking speed is a parameter which is often 
evaluated in studies of locomotion problems (Corr et al., 1998; Colborne et al., 
2006). This approach is successful because it demonstrates the interference caused 
by pain during walking, with, in most cases, an improvement after the administration 
of analgesics (Caplen et al., 2013). Assessments based on video recordings can be 
used to develop mechanisms for detecting the percentage of birds that are moving 
at less than the mean speed. It will therefore be possible to assess the welfare of the 
birds in real time and make decisions which will improve this situation.
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Table 2. Speed comparison: mean time taken to walk one metre for chickens of 
different sexes before and after analgesic administration, values expressed in 
centimeters per second.

Time to walk one metre (cm/s)

Gait Score
Without analgesics With analgesics

Male Female Mean Male Female Mean
0 17.73 18.25 17.99 15.77 15.92 15.84
1 10.07 11.42 10.74 9.38 13.01 11.19
2 8.21 11.11 9.66 8.02 9.83 8.92
3 7.03 10.58 8.80 5.90 8.33 7.11
4 6.26 7.18 6.72 5.61 7.33 6.47

Mean 9.86b 11.01a 8.94b 10.88a
CV% 12.56 13.66 15.69 14.65

Probability 0.0039 0.0354

CV %: Coefficient of variation. Means followed by different letters in the same row 
are different using the Tukey test (p<0.05).

Table 3. Speed comparison: mean time taken to walk one metre for different chicken 
strains before and after analgesic administration, values expressed in centimeters per 
second.

Time to walk one meter (cm/s)

Gait Score
Without analgesics With analgesics

Cobb®500 Ross®308 Mean Cobb®500 Ross®308 Mean
0 17.80 18.15 17.97 15.81 15.84 15.82
1 9.28 12.23 10.75 10.27 12.13 11.20
2 9.16 10.17 9.66 8.35 9.50 8.92
3 8.90 8.71 8.80 7.34 6.91 7.12
4 6.76 6.70 6.73 6.72 6.23 6.47

Mean 10.38 11.20 9.70 10.12
CV% 11.32 11.46 18.98 18.75

Probability 0.1480 0.2415

CV %: Coefficient of variation. Tukey test (p>0.05).

Conclusion

The males were slower than the females because males are heavier and less able to 
walk. The time taken to walk one metre decreases when the birds are medicated with 
analgesics.
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Analgesic administration improved the walking ability of broiler chickens. These 
data demonstrate that it is possible to detect when the birds have difficulty in walking. 
Video recording can therefore be used for real-time assessment of the birds, enabling 
decisions to be made which will improve their welfare.
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Abstract

The aim of this study was to evaluate the influence of the environment on the 
surface temperature (ST) of neonate piglets. Thermography images of the piglets 
(n=45) and the floor of the farrowing crates were recorded at the moment of 
birth and at 15, 30, 45, 60, 120 and 180 minutes after birth. The temperature 
and relative humidity were recorded and, later, the Temperature and Humidity 
Index (THI) was calculated. The piglets’ ST data and THI were subjected to the 
Spearman correlation test at 5% significance. The average air temperature in the 
maternity room ranged from 26.3 to 32.5°C and the relative humidity was from 
34.3% to 47%. The average floor ST ranged between 24 and 28°C. Given that 
heat loss in piglets is normally caused by conduction, management practices 
are very important to minimise heat exchange between neonates and floor. The 
THI showed a negative correlation (P <0.01) with ST at birth (-0.824), and after 
15 minutes (-0.815). It proves that the environment has a direct influence on 
the piglets’ body temperature. The THI values were mostly below the range 
that is considered comfortable for newborn piglets but more than comfortable 
for lactating sows, and were negatively correlated with the piglets` surface 
temperature during the first hours after birth.

Keywords: environment, infrared thermography, neonates, postnatal hypothermia

Introduction

At birth, piglets are exposed to sudden body temperature changes and changes 
in their surroundings. Assuming that the physiological temperature in the sow’s 
uterus is between 38 and 40°C, the minimum comfort temperature for piglets 
immediately after birth is around 34 to 35°C (Mount, 1959; Berthon et al., 1993). 
After birth, piglets come into contact with a colder environment in the farrowing 
crates which is close to the comfort range for lactating sows, 18-23º C (Yan and 
Yamamoto, 2000; Brown-Brandl et al., 2001). This triggers a reduction in the 
neonates’ body temperature just after birth (Tuchscherer et al, 2000, Pandorfi et al., 
2005, Malmkvist et al, 2006).
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Initially, the thermoregulatory mechanisms of piglets are inefficient, which makes 
them susceptible to environmental variations such as temperature and humidity 
(Nääs, 2000), and this becomes a risk factor for the animals’ development (Silva et 
al., 2005).
According to Ferreira et al. (2007), piglets have better thermoregulatory control just 
nine hours after birth, making the first hours of life the most critical period for their 
survival.
Manno et al. (2005) and Silva et al. (2005) considered environmental factors which 
affect animal performance and welfare, which have a direct impact on productive 
capacity. Therefore, it is essential to control environmental variations, taking account 
of the fact that the maternity room houses two animal categories with different 
thermal comfort zones.
Therefore, the aim of this study was to evaluate the influence of the environment on 
the surface temperature (ST) of neonate piglets.

Material and methods

The experiment was conducted in a full cycle commercial pig farm, located in 
Dourados, MS, Brazil. The city is at an altitude of 430 m, latitude 22° 13' S and 
longitude 54° 48' W. The climate is tropical with rainy summers and dry winters.
After birth, the piglets (n=45) were immediately dried with paper towel and numbered 
with ink markers. After separation of the umbilical cord, which took place naturally 
and without any human assistance, the piglets were weighed.

Environment parameters
The temperature and relative air humidity inside and outside the farrowing crate 
were recorded every 30 min during the experimental period using a digital thermo-
hygrometer.
The values recorded for air temperature, relative humidity, and dry bulb (dbt) and 
wet bulb temperatures (wbt) were computed using the Psicrom program (Roriz, 
2003), and the Temperature and Humidity indexes (THI) were then calculated using 
the equation (1) described by Thom (1958):

Infrared thermography

Infrared pictures of all the piglets were taken at birth and at 15, 30, 45, 60, 120, and 180 
min after birth. The thermal images were recorded with the Termovisor Testo 876-1 
Kit Professional, which has an accuracy of ±0.1°C. The images were then processed 
using the Testo IR Soft software Version 3.1 SP2. The emissivity coefficient of 0.96 
was used for the entire animal body surface. The average and standard deviation 
values for body surface temperature were calculated using the 30-point temperature, 
which was selected to represent the entire animal body surface, or by selecting areas 
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to set a temperature histogram. The surface temperature of the farrowing crate floor 
was also recorded using the same procedure, but using an emissivity coefficient of 
0.94 for plastic.

Statistical analysis
The piglets’ ST data and the THI were subjected to the Spearman correlation at the 
5% significance test.

Results and discussion

The average temperature inside the farrowing crate from 10:00 a.m. to 6:00 p.m. ranged 
from 26.3°C to 32.5°C, and the relative humidity ranged from 34.3% to 47%, reaching 
the highest temperature values and lowest humidity between 3:00 p.m. and 4:00 p.m.
The ideal environment to be provided for pigs varies according to the animals’ age 
and physiological condition. In this specific case, there were two animal categories 
with different comfort temperature ranges: the lactating sow, with a comfort range 
from 18°C to 23°C (Yan and Yamamoto, 2000; Brown-Brandl et al., 2001); and the 
piglet, with a comfort range from 30°C to 32°C (Lima et al., 2011). In order to meet the 
thermal requirements of the piglets, the internal temperature increase in the farrowing 
rooms very often disregards the comfort temperature range for the sow, which can 
cause the female to suffer heat stress, which affects milk production (Lima et al., 2011). 
Moreover, the stress generated by the heat suppresses oxytocin secretion and therefore 
interferes with the natural birth process. However, dystocia was not observed in this 
study, and no sows exhibited this type of problem during the birth process, which 
lasted around 2 to 3 h.
The recommended air temperature and relative humidity values for piglets in the first 
week of life require a THI of 83.5 to 87.6 for thermal comfort. THI values below 66.4 
and higher than 92.1 are critical. Therefore, the calculated values of 75.63 to 82.51 and 
the values recorded for most of the period were closer to the animals’ thermal comfort 
zone than to the critical range; however, they were below the ideal values.
The average surface temperature of the farrowing crate floor ranged from 24°C to 
28°C (Figure 1). Given that much of the heat loss by piglets is due to conduction, we 
realised the importance of management practices which minimise the heat exchange 
between the neonates and the floor, such as the use of bedding.
The THI showed high negative correlations (−0.824 and −0.815) (p<0.01) with the 
surface temperature immediately after the birth (TNS) and at 15 min after birth (T15), 
indicating that the higher the THI the lower the surface temperatures of piglets during 
the initial period after birth (Table 1, Figure 2). This result shows that the environment 
has a direct influence on piglet body temperature. Heat stressed sows may demonstrate 
physiological changes in order to maintain homeostasis.
In an attempt to reduce the stress caused by heat, sows develop vasodilation mechanisms, 
increasing peripheral blood flow and decreasing blood circulation in other tissues 
(Black et al., 1993). This may result in a reduction in the internal uterus temperature, 
reducing the body temperature of newborn piglets. 
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Table 1.Spearman correlation coefficient for piglets two hours after birth

BT T15 T30 T45 T60 T120

THI -0.824* -0.815 -0.374NS -0.537* -0.577* -0.490*

*(p <0.01) NS (p> 0.05). THI: temperature and humidity index, PWB: piglet weight 
at birth (kg); BT: birth temperature (°C); T15: temperature 15 minutes after birth 
(°C); T30: temperature 30 minutes after birth (°C); T45: temperature 45 minutes 
after birth (°C); T60: temperature 60 minutes after birth (°C); T120: temperature 120 
minutes after birth (°C).

Figure 1. Thermography images of 30 points selected to represent the surface 
temperature of the floor of the rear part of farrowing crates at birth and 15 min after 
birth.

Figure 2. Correlations between temperature humidity index (THI) and the surface 
temperature at birth (STB) and 15 min after birth (T15), with a confidence interval 
of 95%.
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Conclusion

The THI values were below the comfort range for newborn piglets, but they were 
higher than the comfort range for lactating sows. THI values were negatively 
correlated with the piglets’ body surface temperature during the first hours of life. 
Management practices which minimise heat exchange between neonates and the 
environment are very important to reduce harm to the animals.
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Abstract

The aim of this study was to evaluate the effects of birth weight of piglets on 
the behaviour of their surface temperature after birth. Litters from four sows 
were used. After separation of the umbilical cord, the piglets were weighed. The 
piglets were divided into a completely randomised design with three treatments: 
T1 - less than 1.000 kg, T2 - 1.000 to 1.399 kg, and T3 - higher than or equal 
to 1.400 kg. Thermograph images were taken of all piglets at birth and at 15, 
30, 45, 60, 120 and 180 minutes after birth. Data were subjected to Spearman’s 
correlation. In terms of birth weight, approximately 22.8% of the piglets were 
in range 1 (<1.000 kg), 42.9% in range 2 (1.000 to 1.399 kg) and 34.3% in 
range 3 (> 1.400 kg). Positive correlations between piglet weight at birth and 
surface temperatures at 30 and 45 min postpartum were observed. The higher the 
piglets’ weight at birth, the higher the surface temperatures during this interval 
and the temperature drop due to postnatal hypothermia is small. The temperature 
of the piglet at birth was positively correlated with the temperature at 15 min 
postpartum, consequently influencing temperatures in the 45-120 min range. 
Between 60 and 120 min postpartum there was an increase in piglet temperature, 
which explains the high positive correlation between these variables. The greater 
the piglet’s weight at birth the higher the body temperature during the first hours 
of life.

Keywords: infrared thermography, postnatal hypothermia, swine

Introduction

Postnatal hypothermia is a major cause of neonatal piglet mortality. Its extent and 
duration correlate negatively with the survival chances of the piglets (Tuchscherer 
et al, 2000). These losses can have consequences for the piglet, such as low 
intake of colostrum, low development, higher susceptibility to disease and more 
cases of crushing (Pandorfi et al., 2005, Souza, 2007). Nevertheless, there are 
large individual differences between and within litters in terms of the success 
of newborn piglets’ recovery (Tuchscherer et al., 2000). The recovery of body 
temperature to normal physiological values depends on factors such as room 
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temperature, weight at birth, time required to start suckling and the management 
methods used.
Lower birth weight predisposes piglets to lower chances of survival (Van Rens et 
al., 2005) and this effect is more pronounced in piglets with an average weight of 
less than 1.0 kg (Quiniou et al., 2002). These piglets have lower levels of body 
energy supplies, are more susceptible to cold, take longer to suckle and have a 
lower ability to choose the best teat (Lay Júnior et al., 2002).

The thermoregulatory capacity is directly related to birth weight. Lighter piglets 
have a higher body area in relation to weight and are therefore more likely to 
be affected by hypothermia (Herpin et al., 2002). Panzardi et al. (2009) found 
that birth weight and body temperature at 24 h post-birth are among the best 
predictors of survival rate during the first postnatal week.

The aim of this study was to evaluate the effects of birth weight of piglets on the 
behaviour of the surface temperature after birth.

Material and methods

Litters from four sows, crossbred Landrace×Large White, were used in the 
research, all third farrow. The females were housed in individual farrowing pens 
with a total area of about 4.0 m2, provided with protection against crushing and a 
creep. An incandescent lamp was provided as a heat source for the piglets.

Based on the birth weight, the piglets were divided into a completely randomised 
design with three treatments, which consisted of the birth weight ranges: T1 - 
less than 1.00 kg, T2 − 1.00 to 1.39 kg, and T3 - higher than or equal to 1.40 kg.

Infrared thermography and evaluation of piglet surface temperature

Infrared images of all piglets were recorded at birth (after performing the 
cleaning procedure) and at 15, 30, 45, 60, 120, and 180 minutes after birth. The 
thermal images were recorded using Termovisor Testo 876-1 Kit Professional 
equipment, with an accuracy of ±0.1°C, and the images were processed using 
the Testo IRSoft software Version 3.1 SP2. The emissivity coefficient of 0.96 
was used for the entire body surface of the animal. The average and standard 
deviation values for body surface temperature were calculated using the 30-point 
temperature selected to represent the entire body surface of the animal, or by 
selecting areas to construct a histogram temperature (Figure 1). 
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Figure 1. Infrared image recorded at the birth of piglets, and 30 points selected to 
represent body surface of the animal and farrowing pen floor.

Statistical analysis

Spearman correlation analyses of piglet weights at birth and the surface temperature 
over time after birth were performed.

Results and discussion

In terms of birth weight, approximately 22.8% of the piglets were in range 1 (<1.000 
kg), 42.9% in range 2 (1.000 to 1.399 kg) and 34.3% in range 3 (> 1.400 kg).
Positive correlations were observed between piglet weight at birth (PBW) and their 
surface temperatures at 30 and 45 minutes after birth, indicating that the heavier the 
piglet’s birth weight, the higher the surface temperature during this time interval, 
and the lower the drop in surface temperature due to postnatal hypothermia (Figure 
2, Table 1). A drop in body temperature during the first 60 minutes after birth was 
observed, indicating that the first hours of the piglet’s life are critical times for the 
animal, especially for those with a low birth weight

Figure 2. Correlations between piglet birth weight (PBW) and surface temperatures 
at 30 (T30) and 45 (T45) min after birth, with a confidence interval of 95%.
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Table 1: Spearman correlation coefficient for piglets two hours after birth

STB T15 T30 T45 T60 T120 P120

PBW -0,51* 0,128* 0,481* 0,473* 0,346* 0,185* 0,985*

STB 0,722* 0,132* 0,220* 0,397* 0,295* -0,088ns

T15 0,400* 0,390* 0,560* 0,345* 0.080ns

T30 0,644* 0,386* 0,339* 0,481*

T45 0,720* 0,487* 0,484*

T60 0,614* 0,390*

T120 0,218*

*(p<0,01), NS= not significant. THI: temperature humidity index, PBW: piglet birth 
weight (kg); STB: surface temperature at birth (°C); T15: piglet temperature 15 
minutes after birth (°C); T30: piglet temperature 30 minutes after birth (°C); T45: 
piglet temperature 45 minutes after birth (°C); T60: piglet temperature 60 minutes 
after birth (°C); T120: piglet temperature 120 minutes after birth (°C); P120: piglet 
weight at 120 minutes (kg).

There was a high correlation between birth weight and weight after two hours (P120), 
which was already expected as there was little variation between piglet weights 
during this period.

Hypothermia occurs naturally after birth in the majority of newborn mammals, but 
both the extent of initial drop in body temperature and time required for subsequent 
recovery are highly variable. Newborn piglets are inadequately shielded, lack brown 
adipose tissue and depend almost exclusively on shivering for thermogenesis to 
protect them from cold (Herpin et al., 2002).

At birth, piglets usually experience a sudden reduction in body temperature and 
recover their normal temperature of 39°C within the first 24 to 48 h after birth. This 
is directly dependent on their body weight and the moment they begin to suckle 
(Quesnel et al., 2012). However, excessive hypothermia due to adverse environmental 
conditions, low birth weight or reduced vitality can reduce vigour and colostrum 
intake and lead, ultimately, to death of the animal (Souza, 2007; Panzardi et al., 
2013). By exposing newborn piglets to hypothermia, Lossec et al. (1998) observed 
that the body temperature and skin exhibited the same behaviour, suggesting that 
even though the concentration of circulating catecholamine had increased during 
cooling of the body, piglets were unable to reduce heat losses effectively through 
peripheral vasoconstriction.
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When assessing the connections between different physiological and behavioural 
measures (birth weight, birth hypoxia, latency between the first udder contact and 
first feeding) and the connections with piglets’ ability to overcome hypothermia during 
the early postnatal period, Jensen et al. (2011) concluded that birth weight is the most 
important factor in successful recovery from postnatal hypothermia. The correlation 
between birth weight and thermoregulation capacity of piglets in challenging 
situations involving cold has also been described in other research (Herpin et al., 
2004; Gondret et al., 2005; Baxter et al., 2008). Small piglets have a higher surface 
area relative to the volume of the body than large piglets, and these animals are, 
consequently, more prone to heat loss in a cold environment. Thus, small piglets are 
at particularly high risk because the heat loss per weight unit is inversely related to 
the size of the body. The low ability to retain heat is reflected in the fact that each 1°C 
reduction below the minimum critical temperature is associated with an increase from 
1.46 kJ kg−0.75h−1 heat production, a value which is three times higher than in a 35 
kg pig (Herpin and Le Dividich, 1995). Differences in weight related to physiological 
maturity may be another possible explanation of the relationship between the success 
of thermoregulation and birth weight (Jensen et al., 2011).

With regard to birth weight and efficiency of thermoregulation, Jensen et al. (2011) 
and Herpin et al. (2004) suggested that there was a minimum birth weight close 
to 1,100 g, below which piglets of modern European breeds experience linear 
impairment of thermogenic capacity.

Conclusion

There was a moderate positive correlation (0.3-0.5) between a piglet’s weight at birth 
and its surface temperature in the two first hours after birth. Piglets with a heavier 
birth weight are less likely to suffer neonatal hypothermia.
Monitoring of the piglets’ surface temperature after birth, in particular those with a 
low birth weight, may help to reduce losses due to neonatal hypothermia and allow 
decisions to be taken in good time to save animals which are at risk.
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Abstract

This study aimed to evaluate the effectiveness identifying joint edema in 
swine using the infrared thermal image. Data collection took place in a swine 
farm located in Brazil. Five castrated pigs with a mean weight of 60 kg were 
randomly selected amongst those presenting slight lameness and joint edema 
hardly noticeable at a sight. Infrared images were taken  with a thermal visor 
Testo®. Ten points were selected in each limb, and the average of the surface 
temperature values were calculated. Mean values were tested using the t-Student 
test. The mean values of skin surface temperature were lower (p < 0.05) in the 
healthy limb than in the leg with joint edema (33.5 and 35,5°C, respectively). 
The difference was of approximately 2.0 °C and it helped the identification of 
the joint inflammation. Infrared thermography has been used to detect slight 
difference in skin temperature that may not be seen under normal circumstances. 
In the present study, the infrared images were useful to identify joint lesions in 
pigs. The use of infrared thermography showed potential for identifying lameness 
in pre slaughter conditions.

Keywords: lameness, swine, thermal images

Introduction

Arthritis is a disease that can affect pigs at any age, causing economic losses 
by deaths, stunted growth, spending drugs, labor, training animals waste and 
condemnation of carcasses in slaughterhouses (Hill, 1992). The main causes of 
arthritis in pigs in the age of slaughter are osteochondrosis and infection by the 
Erysipelothrix rhusiopathia bacterium (Jonhston et. al., 1987; Friede e Segall, 
1996). The affected areas presents inflammation, swollen joints, with an exudate 
that can be serous, bloody or purulent. Arthritic animals show walking hard 
and limping, have delayed development and, sometimes, loss of weight, loss 
of appetite and high temperature. However, the most aggravating of arthritis, 
depending on the causative agent, there are secondary complications, such as 
pneumonia, omphalitis and endocarditis (Tittiger e Alexander, 1971; Cross e 
Edwards, 1981; Morés et.al., 2003).
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Rates of condemnation of pig carcasses for arthritis have increased significantly 
in Brazil and other countries. In the 60’s, these ratios were less than 0.5% 
(Tittiger e Alexander, 1971), these ratios rose to 0.6% and 0.9% in the 70’s and 
80’s (Cross et al., 1971; Pratt, 1986), and exceeded 1.0% in the 90’s (Pereira et 
al., 1999).
The identification of arthritis in its early stages allows its treatment avoiding the 
subsequent condemnation of animal carcasses affected by this disease.
Thus, this study aimed to evaluate the effectiveness of identifying joint edema in 
swine using the infrared thermal image

Material and methods

Data collection was carried out in a commercial swine farm in Fátima do Sul, 
city with latitude 22 ° 22’42,92 “S and longitude 54 ° 20’38,36’’W. The Köppen 
classification in the state of Mato Grosso do Sul is Aw, tropical season with dry 
winter and average annual temperature of 20 ° C.
Five castrated pigs with a mean weight of 60 kg were randomly selected, 
all of them with mild lameness and suspected of arthritis in hind limbs. The 
thermography images were recorded with thermal visor Testo® (Figure 1), 10 
points have been defined along each limb and calculated the means of the surface 
temperature (ST). A histogram was prepared and ST values of the skin have been 
identified, using the software Testo IRSoft®.

Figure 1: Regular image (A) and thermography image (B) of hind limbs

The t-Student test was applied comparing the ST values of right and left limbs 
of each animal. After ST record, a veterinarian has conducted clinical analysis, 
proving the presence of arthritis in limbs, aiming to validate the analysis using 
thermographic images.
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Results and discussion

The mean values of surface temperature were lower (p ≤ 0.05) on the limb 
without arthritis, when compared to limb with arthritis (Table 1). The ST average 
variation was approximately 2,0 ° C.

Table 1 Surface temperature of hind limbs with and without arthritis 

Animal
Surface temperature (°C)

With arthritis SD Without 
arthritis SD

1 35.8 ± 0.1 0.8 31.6 ± 0.2 0.8

2 34.2 ± 0.4 0.4 32.9 ± 0.2 0.2

3 34.6 ± 0.1 0.5 33.7 ± 0.1 0.3

4 34.5 ± 0.1 0.5 32.9 ± 0.2 0.3

5 38.7 ± 0.2 0.8 36.8 ± 0.2 0.2

Means 35.6 a 33.6 b 

Means followed by lowercase letters in columns differ by t-Student test at 5% of 
significance

Infrared thermography has been used in humans and animals as a non-invasive 
diagnostic method to identify physiological and pathological changes on skin 
temperature, resulting from the administration of medicines, surgical procedures, 
and changes in vascularization, and inflammatory reaction (Clark, 1977; Schaefer 
et al. 1988; Spire et al. 1999; Scott et al. 2000; Eddy et al. 2001; Heath et al. 
2001).
In the present study, it was found the viability of the use of thermographic 
images to identify lesions in pigs by skin superficial temperature of its limbs, as 
indicated by the histogram shown in Figure 2. It may be noted that the ST values 
are smaller on the area without edema than in the limbs region with edema.
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Figure 2 Histograms of the surface temperature of the right hind limb without arthritis 
(A) and of the left hind limb with arthritis (B) 

The identification of inflammatory conditions has been reported in recent studies. 
Rainwater-Lovett et al. (2009) analyzed the thermograms of the hulls from infected 
cows and found that the thermographic images show increase in the hull temperature 
in infected animals before clinical symptoms appear. D’Alterio et al. (2011) suggest 
that infrared thermography method can effectively detect disturbances in the 
peripheral blood circulation in goats, indicating hull edema.
The decision to condemn or not the carcasses and organs with abscesses or suppurating 
lesions may be difficult for professionals. Morés et al. (2003) evaluated the risk 
factors associated with arthritis and observed in 63 pig farms in western of the state 
of Santa Catarina, Brazil, that 39% did not have any medical conditions, 33.3% had 
low disease and 27.0% high disease, being these numbers  considered high for a 
production system. The condemnation of carcasses by arthritis was investigated by 
Pereira et al. (1999) and the authors reported that, in early identification, the losses 
could be minimized. The use of infrared thermography may be a more accurate 
strategy for early detection of arthritis and lesions before clinical symptoms appear, 
allowing early treatment, reducing carcass condemnations in slaughterhouses.

Conclusion

Infrared thermography allows identification of inflammatory processes in pigs, 
which may serve as a tool to assist the reduction of discard and convictions carcasses 
in slaughterhouses.
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Edited by M. Guarino and D. Berckmans

Precision Livestock Farming 2015

Farmers today face the challenge of assuring animal welfare and producing safe, 
healthy food while also providing economic value. It has become increasingly 
important, and ever more difficult, to remain competitive in a worldwide market. 
With a view to addressing this problem, 145 abstracts were submitted to the ECPLF 
2015 Conference. Following a review procedure conducted by 135 international 
reviewers, 94 papers from 22 different countries were selected for presentation at 
the Conference in Milan. They are all included in this book.

Precision Livestock Farming ‘15 presents the latest scientific results from scientists 
worldwide. The sessions reflect the wide range of disciplines and interests in 
Precision Livestock Farming and cover the entire field from data analysis to sensors 
for monitoring the most important species that are bred for human consumption, 
including ruminants, chickens and pigs.

Moreover, it is becoming more and more important to educate a new generation 
about food consumption which is guided by considerations such as animal welfare, 
the environment and social sustainability. The global demand for meat is rising 
and meat production will need to increase from 300 million tonnes this year to 
470 million tonnes by 2050 due to changes in diets worldwide. This demand for 
meat is growing especially rapidly in the five major emerging economies of Brazil, 
Russia, India, China and South Africa. In these countries, which represent 40% of 
the world’s population, meat consumption rose by 6.3% annually between 2003 and 
2014, with a further 2.5% yearly increase forecast for the 2015-2022 period. This 
means that, by 2022, approximately 80% of world demand in the meat sector will 
occur in developing countries.

The shift in livestock farming methods from extensive to intensive in terms of 
labour and capital resources poses a number of significant challenges for animal 
management. Precision Livestock Farming represents a method of supporting 
farmers with real time monitoring and process management. PLF technology has 
mainly been developed in Europe, although there is currently great interest in 
understanding PLF research and technology in Brazil and China.

As scientists, we believe in a scientific community where sharing data and results is 
the best way of finding solutions to the problems and challenges discussed above. 
This book seeks to add a small brick to the wall of knowledge constructed by those 
who are working at the frontiers in the field of sustainability in animal production.

Milan 2015


