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Abstract

On-farm scoring of behavioural indicators of animal welfare is challenging but the increasing availability of low cost technology now
makes automated monitoring of animal behaviour feasible. We discuss some of the issues with using automated methods to measure
animal behaviour within the context of assessing animal welfare. Automated feeders (eg for dairy calves) can help measure the degree
that animals are hungry and have potential to identify sick animals even in group housing. Such equipment is best used for longitu-
dinal studies of individual animals rather than making comparisons between farms. Devices attached to animals (eg accelerometers
or GPS devices) can help measure the activity levels of animals with a high degree of accuracy and can easily be transported between
farms, making them best suited for welfare assessment at the group level. Automated image analysis has great potential to assess
movement within groups of animals, but following individual animals can be difficult. The techniques have been validated against tradi-
tional methods (eg direct observation). The accuracy of measures taken automatically varies between methods but can be increased
by combining measures. Technological developments have provided us with a variety of tools that can be used to monitor behaviour
automatically, and these have great potential to improve our ability to monitor animal welfare indicators on-farm. However, it is
important that methods be developed to measure a wider range of behaviour patterns. Animal welfare assessment schemes should
not place undue emphasis on behavioural indicators solely on the basis that they can be monitored automatically.
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Introduction
An article search, using the words ‘automation’ or

‘automatic’ and ‘animal welfare’ reveals that the number

of scientific articles using these words increased from 5 in

1997 to 80 in 2010. It is clear that the implications of farm

automation for animal welfare are being recognised,

including the potential of automation to monitor animal

welfare. At its simplest, automated assessment of animal

welfare involves using automation to take measures on

some aspect of an animal, which a human then interprets

in terms relevant to animal welfare; for example, using

machines to measure the activity of an animal, which a

person then uses to decide whether the animal is lame. In

addition, computer algorithms are being developed to

make higher order inferences from data collected auto-

matically, eg judging whether an animal is lame or not. In

this paper, we focus on using automated methods of

measuring animal behaviour. We do not deal intensively

with the technical aspects of the equipment available, nor

do we attempt a comprehensive review of all of the uses

to which automation has been put. Instead, we focus upon

some of the issues in using automation to increase the use

of on-farm behavioural recording in the context of

assessing animal welfare at both the level of the indi-

vidual animals and at the farm and group level. We

include self-assessments of animal welfare carried out by

farmers themselves as well as third-party audits.

Why automate? Most recent analyses of the concept of

animal welfare accept that behavioural issues are a key

aspect. This is apparent in the Five Freedoms

(www.fawc.org.uk/freedoms.htm), which include the

‘freedom’ to perform most normal patterns of behaviour.

Furthermore, behavioural measures, such as the occurrence

of aggression or stereotypic behaviour, are important indica-

tors of welfare problems. Including behavioural-based

welfare criteria is, therefore, essential for an overall welfare

assessment (Blokhuis et al 2010). Despite this, current on-

farm welfare assessment schemes often focus heavily on

health issues and include few behavioural measures. We

suggest that this is due mainly to the difficulty, time involved

and cost in taking behavioural measures during farm visits

(Edwards 2007; Sørensen et al 2007); the occurrence of

behaviour patterns is often erratic over time or else their

recording requires long periods of observation, while on-farm

assessments need to be done in a short period of time

(Edwards 2007; Webster 2009). These problems are likely to

Universities Federation for Animal Welfare Science in the Service of Animal Welfare

https://doi.org/10.7120/09627286.21.3.339 Published online by Cambridge University Press

https://doi.org/10.7120/09627286.21.3.339


340 Rushen et al

increase as farm size increases. The availability of equipment

which can measure the behaviour of animals automatically

may help resolve this problem (Blokhuis et al 2010).

Another reason is that automation may prove superior to

people at measuring some behaviours. On-farm welfare

assessment requires that we minimise differences between

observers (Edwards 2007; Webster 2009) but behavioural

measures can be challenging to take reliably and this

requires considerable training of observers. This is evident,

for example, with gait scoring of animals to detect lameness

(Butterworth et al 2007; Flower & Weary 2009). While

observers can see some gait changes associated with

lameness, other changes, which can be detected with the

appropriate equipment, are much harder to observe (eg van

Nuffel et al 2009). The practical difficulties in detecting

lameness in cattle on-farm are well known, with farmers

repeatedly being shown to substantially underestimate the

number of lame cows on their farms (eg Espejo et al 2006).

Hopefully, increased use of automation to record behaviour

patterns will result in more reliable measures being taken.

Finally, assessments done by people tend to provide only a

snapshot of the state of welfare on the farm at a particular

time-point (Webster 2009). Use of automation may allow

longer term monitoring of the animals’ behaviour.

The main types of automation that we consider are the use

of equipment that is installed on farms, devices that can be

attached temporarily to animals, and the use of computer

vision and computer ‘hearing’.

On-farm automation
Computer-controlled feeders, which recognise individual

animals, usually by means of radio frequency identifica-

tion (RFID), are increasingly being used in the dairy,

beef and swine industries and can automatically record

aspects of feeding behaviour. Data from such feeders can

help identify problems associated with hunger and may

help detect animals that are sick.

The absence of hunger is one of the least controversial of the

‘Five Freedoms’ as an aspect of good animal welfare.

Nevertheless, some commonly used management practices

do result in farm animals being hungry for varying periods of

time (D’Eath et al 2009), and some method of assessing the

degree of hunger felt by animals would be valuable. For

example, a controversial issue in the raising of dairy calves

involves how much milk to feed unweaned calves and the

best age to wean them off milk. It is common for calves to be

fed milk or milk replacer in quantities which are substantially

lower than the amount they drink when allowed free access

(Khan et al 2011). In addition, calves may be weaned off milk

at an early age and have difficulty adapting to solid feed.

Calves fed these low amounts of milk visit automated milk

feeders far more often, and these are usually unrewarded

visits during which milk is not available (eg Jensen & Holm

2003; De Paula Vieira et al 2008; Borderas et al 2009a).

Unrewarded visits also increase when animals are being

weaned and there is a negative correlation between energy

intake and the frequency of visits to the milk feeders (de

Passillé et al 2011) (Figure 1). Thus, automatic monitoring of

the frequency of unrewarded visits to milk feeders that calves

make can detect periods when the calves are hungry due to

inadequate feeding and can identify individual animals that

are having difficulty adapting to post-weaning diets.

Farm animals are increasingly being housed in groups but a

potential disadvantage of group housing is that illness is

harder to detect. Changes in feeding behaviour of animals can

be used to identify animals that are sick (Millman 2007;

Weary et al 2009) and these can be detected automatically.

Early research with beef cattle feeding from specialised

feeders showed that drops in feed intake or time spent feeding

could accurately identify steers suffering from respiratory

disease substantially earlier than the normal inspections

(Quimby 2000). Automatically recorded changes in feeding

behaviour can also help identify dairy cows suffering from

peri-parturient diseases such as metritis, ketosis or lameness

(Huzzey et al 2007; Gonzalez et al 2008; Proudfoot et al
2010) (Figure 2) and dairy calves suffering from a variety of

illnesses (Svensson & Jensen 2007; Borderas et al 2009b).

Electronic sow feeders also have the potential to be used this

way (Cornou et al 2008). In addition, changes in drinking

behaviour and water intake, monitored automatically, may

also be useful to identify sick animals (Madsen & Kristensen

2005; Lukas et al 2008; Kruse et al 2011).

Automated feeders are not the only on-farm equipment

that can be used in this way. Automated milking systems

for dairy cattle automatically collect data on the milking

of dairy cows and have potential for monitoring poor

health. For example, lameness in dairy cows is apparent

in a reduced frequency of visits to the robot (Bach et al
2007; Borderas et al 2008), although this appears to have

low specificity as many other low attending cows are not

lame (Borderas et al 2008).

Use of force plates to measure the weight animals place on

their feet when walking can detect gait abnormalities in

poultry (Corr et al 2007; Sandilands et al 2011). A force-

plate system for measuring the force that cows exert when

walking is commercially available (Rajkondawar et al
2006) and been installed in some dairies but the sensitivity

of the measure for detecting lameness is low (Bicalho et al
2007) perhaps because the time when the force is exerted is

very short. Measuring weight distribution when the animals

are standing still is easier and can detect lame cows (Rushen

et al 2007; Chapinal et al 2010; Pastell et al 2010).

Research with weigh scales installed in automated milking

systems showed that automated measures of weight distri-

bution could identify lame cows significantly faster than

was achieved through routine veterinary inspection (Pastell

& Kujala 2007). Furthermore, these measures of weight

distribution are sensitive to the degree of pain associated

with the lameness (Rushen et al 2007; Chapinal et al 2010).

Advantages and disadvantages
Using data from equipment that is already installed on the

farm is relatively cheap since the only costs for using these

in welfare assessment are those associated with data extrac-

tion and manipulation. A disadvantage is that the data most

likely belong to the farmer and so there may be issues in
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using these data for third-party audits. However, the infor-

mation is very useful for farmers who wish to improve the

welfare of animals on their farms. An important disadvan-

tage is that, at present, most automated equipment involves

feeders, so there is less opportunity to record other forms of

behaviour in this way.

With RFID, this type of equipment can recognise indi-

vidual animals, and is most suited for longitudinal moni-

toring of individuals, in real time if necessary, where data

on each animal can be accumulated over relatively long

periods of time (eg Pastell & Kujala 2007). Although

force-plates could, in principle, be transported between

farms, most such equipment cannot be. Since not all

farms would have the same equipment, and those that do

may not manage it in the same way, there are limits on our

ability to make comparisons between farms. Thus, the

equipment is less useful for animal welfare assessment at

the group level than at the individual level.

Animal Welfare 2012, 21: 339-350
doi: 10.7120/09627286.21.3.339

Figure 1

The (a) mean daily frequency of visits to the milk feeder of dairy calves fed either 6 L per day of milk (black triangles) or 12 L per day
of milk (open squares) at each week of age, including during the 10-day weaning period and b) mean daily frequency of visits to the milk
feeder and the man daily intake of digestible energy of dairy calves during the weaning period. Figures redrawn from data presented in
de Passillé et al (2011).
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Devices attached to the animals
The second category of automation consists of devices that

can be attached temporarily to the animals specifically for

monitoring their behaviour. These are most commonly

accelerometers, but other devices such as pedometers, simple

tilt switch devices or GPS devices have also been used.

The amount of time that dairy cows spend standing up or

lying down each day is an important measure of their

welfare, since short lying times are a reflection of inade-

quate stalls and can lead to increased risk of lameness

(Rushen et al 2008). The time that cows spend lying down

can be measured by watching video, but obtaining a reliable

estimate in this way requires a considerable amount of

labour, and is quite impractical for on-farm visits. A number

of relatively cheap, small and accurate electronic devices

are now available that can be used to measure time spent

standing and lying (Ledgerwood et al 2010).

Accelerometers or tilt switch activated devices can be

attached to the legs of cattle and can measure the orientation

of the leg, with the assumption that when the leg is hori-

zontal, the animal is most likely lying down. Such devices

have recently been shown to be useful for on-farm measure-

ments. For example, Ito et al (2009, 2010) attached

accelerometers to over 2,000 cows on 43 Canadian dairy

farms and measured the time the cows lay down over

five days. The results showed variation between and within

farms in the average time that the cows lay down each day

(Figure 3). The average lying time was longer for lame cows,

suggesting that unusually long average lying times on a farm

may be indicative of a high prevalence of lameness. 

Accelerometers attached to the legs can also measure the

pattern of acceleration associated with stepping (de Passillé

et al 2010; Ringgenberg et al 2010; Tanida et al 2011; Figure

4). At the simplest level, this provides a measure of the

number of steps taken by an animal, and commercial devices

(eg IceTag® from Ice Robotics Inc, Edinburgh, UK) are now

available to do this. Step counting has been used to detect

lameness in dairy cows (Chapinal et al 2010), to assess the

adequacy of different flooring surfaces (Ouweltjes et al
2011) and to assess the effects of changing flooring in barns

(Platz et al 2008). Accelerometers may also allow automated

gait scoring: one of the most obvious signs of lameness is

asymmetric stepping (Flower & Weary 2009) where there is

a difference within a pair of legs in the speed or duration of

a stride. Accelerometers attached to two legs can measure

differences between the legs in the variance of acceleration

and this is correlated with subjective assessment of asym-

metric stepping (Chapinal et al 2011). Accelerometers

attached to any part of a cow’s body can estimate walking

speed (Chapinal et al 2011). Measures of acceleration can

distinguish different gait types in dairy calves and can help

detect play running (de Passille et al 2010; Figure 4).

© 2012 Universities Federation for Animal Welfare

Figure 2

Mean daily time spent feeding at each day before and after calving (day 0) of dairy cows that were detected as suffering from severe
metritis or which remained free of metritis after calving. The vertical arrow shows the average time at which clinical signs of metritis
were present. Figure redrawn from data presented in Huzzey et al (2007).
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Figure 3

Mean daily duration of time spent lying down, as measured by accelerometers, of lactating dairy cows on individual Canadian dairy farms.
Figure redrawn from data presented in Ito et al (2009).

Measure of acceleration in vertical direction
of dairy calves’ legs when calves were walk-
ing (upper panel) or galloping (lower panel).
Individual steps can clearly be seen. Figure
redrawn from data presented in de Passillé
et al (2010).

Figure 4
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Accelerometers attached to various body parts have been

used to automatically detect the occurrence of other

behaviour patterns such as sleep patterns in dairy calves

(Hokkanen et al 2011) (Figure 5), activity around parturition

for sows (Cornou et al 2011) and feeding behaviour in goats

(Moreau et al 2009). Finally, measures of acceleration over

time can be used as a proxy measure for energy expenditure

(Gleiss et al 2011), and can be used to distinguish different

forms of locomotion in calves (de Passillé et al 2010).

Other devices have also been used to automatically record

animals’ locations, for example, local positioning has been

used to locate dairy cattle within a barn (Gygax et al 2007),

and GPS has helped assess the extent that zoo elephants

visit various parts of their enclosures (Leighty et al 2010).

Advantages and disadvantages
The main advantage of these devices for animal welfare

assessment at the farm or group level is that they can be

transported easily between farms or zoos, thus facilitating

comparisons. Many of the devices are self-contained with

their own power supply and memory storage, which means

that they can be used on free-roaming animals, such as beef

cattle on the range (Robert et al 2009) for which other

methods of data collection may be impractical. 

These devices can be quite inexpensive, although this depends

upon the particular device being used. Since at least one

device is needed per animal, the total cost can be high when

there is a large number of animals, which will place a pressure

on reducing sample sizes during a welfare assessment. 

One of the biggest disadvantages is the trade-off between cost

and the size of memory storage and power options. The

cheaper the device the less power can be carried and the

smaller the memory. The limit on memory means that

sampling frequency must be limited, which reduces the

ability of these devices to record the occurrence of short

duration behaviours over long periods of time. If the data are

recorded on the device itself, this reduces the chance of doing

real-time monitoring. The limits on memory can be overcome

by wireless collection of the data, which does allow for real-

time monitoring, but this increases the price and restricts the

area over which the animals can move, since they must be in

continuous or regular contact with the receiver.

Another disadvantage is that such devices, since they are

attached to the animals, are potentially invasive and may

influence the animals’ behaviour, or possibly cause

wounding, although this is rarely reported. The size of the

devices necessary to have a decent memory or power supply

will limit the extent that they can be used on smaller animals

such as poultry. Furthermore, some labour is needed to

attach and remove the devices from the animals, which can

increase the labour requirements of an animal welfare

inspection. Finally, the animals’ ability to remove the

devices must be considered: this can be particularly chal-

lenging in the case of inquisitive animals, such as group-

housed pigs, or elephants, for example (Leighty et al 2010).

Together, these problems place limits on the duration of

time that the devices can stay attached to the animals

meaning that they are less valuable for longitudinal studies

where animals are followed for a long period of time.

Perhaps one of the biggest disadvantages with these devices,

however, is the limited number of behaviour patterns for

which we have adequate tests of reliability and accuracy.

© 2012 Universities Federation for Animal Welfare

Figure 5

Amount of time that calves spent lying down, sleeping, in rapid eye movement sleep (REM) or non-rapid eye movement sleep (non-REM)
based on observations from video or predicted from the data from accelerometers attached to the calves’ necks. Redrawn from data
presented in Hokkanen et al (2011).
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Time spent lying and standing, general activity, and aspects

of gait can be reliably recorded in this way, and are clearly

important measures for animal welfare assessment.

Although there have been attempts to use accelerometers to

measure other behaviour patterns, we still lack sufficient

demonstrations of their ability to reliably and accurately

measure, for example, different forms of social behaviour

(eg Gygax et al 2007) or stereotyped behaviour etc.

Image and sound analysis
The ready availability of digital imagery along with the

development of computer programmes that can ‘read’ such

images, has resulted in the possibility of using automated

image analysis (‘computer vision’) to take measures of

animal behaviour. In addition, the ability of automation to

identify different sounds is also being explored.

A number of computer-assisted image analysis applica-

tions are being developed, such as for measuring space

use by cattle when getting up or lying down in order to

assess recommendations on stall size (Ceballos et al
2004), tracking the activity levels of individual chickens

and relating this to the degree of lameness (Aydin et al
2010), and tracking the movements of individual pigs in

group-housing systems (Ahrendt et al 2011).

Experimental studies of automated image analysis have

been done most often to aid in detecting lameness in dairy

cows. Two behavioural indicators of lameness in cows are

walking with an arched back, and poor tracking up, where

the back hoof is placed somewhat behind the front hoof

(Flower & Weary 2009). Computer programmes have

been used to detect both behaviour patterns (Flower et al
2005; Pluk et al 2010; Poursaberi et al 2010). 

On-farm application of these approaches appears limited by

the difficulty in recognising a large number of individuals.

Image analysis has also been used to measure the ther-

moregulatory ‘clumping’ of pigs to assess the adequacy of

the pen temperature (Shao & Xin 2008), which does not

require the identification of individual animals but can be

used at the group level.

A promising and practical on-farm use of automated image

analysis comes from work using measures of ‘optical flow’

to examine movement patterns of broiler chickens.

Measures of optical flow are based on the changes in the

location of pixels in consecutive frames of a video, which

can be used to estimate the velocity of movement. Dawkins

et al (2009) placed webcams in ten commercial broiler

houses with flock size ranging from 3,000 to 40,000 birds,

and where traditional gait scoring on a sample of birds had

been used to estimate the prevalence of lameness within the

groups. The measures of optical flow were highly correlated

with the measures of gait scores. A major advantage of this

technique is that it does not require the identification of

individual animals but involves assessing movements of the

whole group of chickens. A subsequent study found that

measures of optical flow could identify periods of distur-

bance within flocks of laying hens, which would help

predict outbreaks of feather pecking (Lee et al 2011).

Finally, the development of computer programmes that can

identify and classify sounds is proving to be an interesting

development. This is particularly suitable for pigs which are

very vocal in expressing their emotional states: simple

measures of the amplitude of the sound produced by pigs

can give some information on the pigs’ responses to the

relative temperature and humidity within a barn (Borges

et al 2010) and computer programmes have been developed

to recognise pig vocalisations and separate these from back-

ground noise (Schön et al 2004). Exadaktylos et al (2008)

were able to develop a sound recognition programme that

could detect coughs by piglets. Preliminary results showed

that 82% of the sick cough sounds could be correctly iden-

tified. They concluded that the application could be used to

monitor the welfare in a pig house, and provide early iden-

tification of sick animals. Such an approach is also being

tested for dairy calves (Ferrari et al 2010).

Advantages and disadvantages
A major advantage of this type of automation is that it is

non-invasive. This is particularly important when consid-

ering smaller animals, such as poultry, where it would be

difficult to attach devices such as accelerometers. A

second important advantage is that the equipment is rela-

tively cheap, eg relatively simple webcams have been used

successfully (eg Dawkins et al 2009). Some forms of

image analysis do, however, require specialised cameras,

and the programmes for analysing the information can be

expensive to develop or buy. 

The non-invasive nature of the equipment means that it can

be used for long-term monitoring of groups of animals, and is

also suitable for making comparisons between farms.

However, the difficulty in recognising a large number of indi-

vidual animals means that the approach is probably less

useful for long-term monitoring of individual animals than

for welfare assessment at the group level. Again, a major

limitation arises from the small number of behaviour patterns

that can be identified by computer vision. Measuring general

activity within groups appears relatively simple with

overhead cameras. For recording other forms of behaviour, eg

identification of lame cows through changes in gait, it may be

difficult to find a suitable location for the camera. 

General issues with using automation to
measure behaviour

Validity and accuracy of automated measures
As with any scientific measurement, it is necessary to

establish the validity (ie are we measuring what we are

supposed to be measuring?) as well as the accuracy of the

measures (ie what is their sensitivity and specificity?). 

The most common method of judging the validity of

measures collected automatically is by comparing them

with observations made by people, which can be either

direct or from video. DeVries et al (2003b) validated the

data generated by one automated system for recording

feeding behaviour (the GrowSafe monitoring system) and

compared this with measures taken from time-lapse video.

Animal Welfare 2012, 21: 339-350
doi: 10.7120/09627286.21.3.339
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The GrowSafe measure of the daily frequency of meals

showed perfect agreement with the result from the video

recordings. The duration of these meals was also highly

correlated with that estimated from the video. Comparison

with observations has also been used to validate automated

image analysis (Dawkins et al 2009) and devices such as

accelerometers (Ledgerwood et al 2010), although cross-

comparison with different types of loggers has also been

used (Ito et al 2009). However, in some cases it may be

difficult to validate automated measures since these are

effectively the only way of collecting data from, for

example, free-ranging animals.

It is also important to determine the accuracy (sensitivity

and specificity) with which the equipment can measure

behaviour. Automation is often assumed to be more

accurate than human observers, but, unfortunately,

machines do make mistakes, and while the electronics may

be very accurate in detecting the electronic signals, events

can occur which reduce the accuracy by which the elec-

tronic signals match the behaviour of interest. For example,

in their test of the accuracy with which automated feeders

detect feeding behaviour, DeVries et al (2003b) found

some instances in which the video showed that a cow was

present at the feed alley which was not recorded by

GrowSafe (12.6% of observations) and a few instances in

which the reverse was true (3.5% of observations).

Sometimes, however, automated feeding equipment can be

superior to human observation: Chapinal et al (2007)

reported that discrepancies between automated feeders and

human observers in measuring feeding behaviour of cattle

was due to the difficulties of seeing some aspects of

feeding from video recordings. Nevertheless, despite these

positive results it is important to stress that some estimate

of the likelihood of errors be determined. 

Studies of accelerometers (Robert et al 2009; Ledgerwood

et al 2010; Ringgenberg et al 2010) generally report that

they measure standing and lying down with a high degree of

accuracy, especially when attached to the leg. The ability of

accelerometers to detect other behaviour patterns varies

according to the degree of fine discrimination between

similar behaviour patterns required. For example,

Hokkanen et al (2011) were able to identify 90% of the total

sleeping time of calves, with accelerometers attached to the

neck but were not as accurate in distinguishing the total

time the calves slept in either non-rapid eye movement

sleep or rapid eye movement sleep (Figure 5), although the

level of accuracy they report is still impressive. 

However, the degree of accuracy of measures collected

automatically will depend upon the sampling schedule and

the method of ‘cleaning’ the data. For example, accelerom-

eters do not take measures continuously but instead take

samples. In many cases, the sampling rate is many times a

second, which can be considered essentially continuous.

However, since most devices in use are small and store the

data onboard, the limits on memory size mean that a longer

sampling interval (eg of several minutes) may be chosen

when recording over a long period of time. In these cases, a

sampling interval must be chosen which accurately

measures the behaviour in question but allows the device to

store the information for the period of time required. This

needs prior knowledge of the normal frequency and

duration with which the behaviour is performed. 

Some editing of the data is also usually needed. For example,

automated measures of feeding behaviour often show that

the most common inter-visit intervals are very small, often

only a few minutes, and are unlikely to represent real inter-

meal intervals (DeVries et al 2003a). These brief intervals

can most easily be explained by temporary loss of contact

between the radio transmitter and the receiver, for example,

when the calf turns or lowers its head. These are usually

dealt with by removing very short inter-meal intervals. A

similar situation exists with devices such as accelerometers.

These effectively measure the orientation of the leg, and the

measures are based on the assumption that the animal is

lying down whenever the leg is horizontal. However, a hori-

zontal leg position can also occur briefly when the animal is

grooming, for example, and the most accepted method is to

remove very short occurrences on the assumption that large

animals are unlikely to lie down and then stand up again

within a short period of time. Ledgerwood et al (2010) found

that removal of very short bouts of lying down from the data

increased the accuracy of the measures, while Cornou et al
(2011) claimed that many misclassifications of sleeping

sows as ‘active’ could result from small movements that the

sow may make while sleeping. Of course, it may be that in

some circumstances cows do lie down for short periods of

time; for example, Ledgerwood et al (2010) suggested that

this occurs more often when cows are uncomfortable.

Hence, some care needs to be taken in ensuring the real and

meaningful behavioural events are not removed during the

data-cleaning process.

For other automated recording systems, the results of tests

of accuracy are less encouraging. For example, measures of

ground reaction force while cows are walking were shown

to have low sensitivity at detecting lameness in cows and

were inferior to subjective gait scoring (Bicalho et al 2007),

although recent developments have improved the ability of

pressure-sensitive walkways to detect lameness (Maertens

et al 2011). The accuracy of measures of weight distribution

or weight shifting while cows are standing are better, but

still relatively low. For example, Chapinal et al (2010)

found that the optimal result was a sensitivity of nearly 60%

and specificity of around 80% for detecting lame cows.

Tests of the ability of electronic sow feeders to detect illness

also report relatively low degrees of sensitivity (eg Cornou

et al 2008). Force plates have been shown to have low

accuracy in detecting leg problems in broilers, although

they are somewhat better than visual gait scores (Sandilands

et al 2011). Such low levels of accuracy mean that a large

number of animals would need to be tested in order to

obtain an accurate estimate of the farm prevalence (eg

Sandilands et al 2011), which does limit their value for on-

farm testing. It is likely that accuracy will be improved by

combining data from different sources: for example,

Chapinal et al (2010) found that by combining measures of

weight distribution with measures of walking speed and
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lying time, the sensitivity of detecting cows with sole ulcers

increased from nearly 60 to nearly 80%. Furthermore, the

accuracy can be improved by accounting for extraneous

factors that can systematically affect automated equipment.

For example, measures of how cattle distribute their weight

are affected by the time since milking (Chapinal et al 2009). 

In general, the measure of accuracy or validity is valid only

for the conditions under which the test was done. For

example, IceTag accelerometers come with an algorithm for

calculating the number of steps taken by a dairy cow, which

appears quite accurate in doing this (Robert et al 2009;

Nielsen et al 2010). However, the measure is not accurate

for smaller dairy calves (Trénel et al 2009), probably

because the pattern of acceleration for the smaller animals

is very different from that of adults and a higher sampling

frequency is needed (de Passillé et al 2010).

Bias towards measures that can be automated
A real danger is that the enthusiasm for automated recording

will mean that more emphasis will be given to certain

behaviours in welfare assessment solely on the basis that

their measurement can be automated. For example, it is

relatively easy to automatically measure how much time

cows or pigs spend standing up, but an increased time spent

standing could occur because the animals are exploring

more or because they are fighting more, which have very

different implications for animal welfare. We need to

choose behavioural measures according to their relevance to

animal welfare and then develop methods of recording these

automatically, rather than choosing measures for their

ability to be recorded automatically.

Effects on relationship between people and animals
A valid concern in the use of any automation in animal

production is the effect on the relationship between people

and the animals, since automation generally reduces the

necessity for direct contact between them (Cornou 2009).

This is also true for the use of automation to assess the

welfare of animals, particularly welfare assessments done

by farmers, since the risk is that automation will reduce the

time that farmers spend watching their animals. On the

other hand, automation can give the farmers information

about the animals that they would not otherwise have, for

example, feed intakes of individual animals housed in

groups (Cornou 2009). Automated feeders can also help

detect sick animals within groups, which is difficult by

direct observation. Finally, farms are likely to continue

increasing in size for economic reasons, and farmers will

have less free time to observe their animals. Finding

automated methods of replacing human observers is a

necessary result of this rather than a contributing cause.

This is less of an issue in using automated recording in

third-party assessments, except that using automation may

reduce an assessor’s opportunities to make qualitative

judgements based on their direct observations. However,

most often automation is used not as a substitute for human

observers but to obtain data that would otherwise be prohib-

itively expensive to obtain.

Conclusion
To be useable for on-farm animal welfare assessment,

behavioural measures need to be valid, reliable and feasible

to take; the latter requirement usually means that recording

behaviour be cheap, not too time consuming, and not

interfere with the animals or the farm routines (Edwards

2007; Webster 2009). Our review leads us to conclude that

automatic measurement of animal behaviour has the

potential to meet all of these criteria. Most tests have been

able to establish validity and reliability, which is at least as

good as found between human observers. Feasibility has yet

to be fully established but while most examples of using

automation to record welfare-relevant behaviours come

from small-scale experimental studies, there have been

some real on-farm applications in welfare assessment

(Dawkins et al 2009; Ito et al 2009). However, the different

forms of automation have advantages and disadvantages;

with some being most useful for longitudinal monitoring of

individual animals, while others are best used for ‘cross-

sectional’ studies of group behaviours. Furthermore, the

claims for ‘objectivity’ need to be taken with a pinch of salt;

the need to clean data and the choice of sampling strategies

means that there is still an element of human judgement

involved in these measures. Perhaps the biggest problem so

far is the limited range of behaviours that have been

measured automatically, but technological developments,

especially in computer-vision will undoubtedly expand the

range; greater collaboration between ethologists and

engineers would certainly help. Behavioural measures need

to be chosen according to their relevance to animal welfare

rather than solely on their ability to be recorded automati-

cally. In general, however, we feel very positive about the

potential of automation to greatly extend the range of

behavioural measures that can be incorporated into on-farm

animal welfare assessment. 
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