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Abstract: The welfare of dairy cattle is a complex phenomenon, which
requires multilevel, multidimensional and planned approach. Precision livestock
farming (PLF) enables farm animal welfare focusing from the group level to
monitoring and managing individual animals of different categories, which is
enabled by use of new advanced technologies.

The basic principle of precision agriculture is the use of sensor
technologies in order to improve the efficiency of given narrow thresholds resource
use. A range of precision livestock monitoring and control technologies have been
developed, primarily to improve livestock production efficiency, but more precise
and delicate use may be very applicable in early detection of certain conditions, for
example initial lameness in dairy cows, real-time surveillance when calving, or
distant body temperature variations measuring of individual animals, when early
and more efficient therapeutic measures could be undertaken. Environmental
monitoring and control in barns can improve animal comfort, and automatic
milking systems facilitate animal choice and improve human-animal interactions.

According literature data, previous and future investigations are
encouraging possibility of PLF mechanisms use into automated barn surveillance
systems in order to assess, control and improve dairy cattle welfare in entire
production process through prompt reaction.

Key words: cattle, improvement, precision livestock farming, sensors,
surveillance, welfare
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Introduction

The welfare of dairy cattle is a complex phenomenon, which requires
multilevel, multidimensional and planned approach. For instance, Five Domains
describe a highly structured approach to assessing animal welfare and is centred on
the four internal domains of nutrition, environment, health, and behaviour, with the
aggregation of these affects into the fifth domain, mental state (Mellor, 2017).
These Five Domains are defined by the set of 118 contributing factors,
approximately 10 times more than the Welfare Quality framework (Van Erp-van
der Kooij and Rutter, 2020).

The measures which determinate the animal welfare quality when animal
exhausted short—term or long term problems may be physiological, behavioural, or
concerned with individual production or disease. Individuals vary in the coping
methods which they use, so any one measure may indicate poor welfare and
absence of evidence using one measure does not mean that there is no welfare
problem (Broom, 1988).

During the time, animal welfare not only started to use, but developed
multiple methodologies, where empiricism, engagement and ethics join to know
what ‘matters’ for the animal and to ensure, as far as is possible, that what matters
is met. In both, animal welfare science has been remarkably successful in providing
the evidence and the procedures for defining, identifying, and precise assessing
animal welfare, leading to significant legislative and regulatory change (Amon et
al., 2001; Milman et al., 2004; Blokhuis et al., 2008; Melfi, 2009).

To be more accurate, some precision livestock farming funds (PLF)
originate many years before term itself became in use, described in domestic
literature, such as certain aspects of animal rearing and health protection (Hristov
et al., 1996, Duricié et al., 1997, Stankovi¢, 1998, Ostoji¢ Andri¢ et al., 2011),
genetic and reproduction (Sahinovié et al., 1997; Stankovié et al., 2005), nutrition
(Grubié et al., 2009) and welfare (Hristov et al., 2014). This paper aims to present
certain aspects of PLF services in contemporary cattle welfare protection.

Precision livestock farming sensors and different aspects of
animal welfare

Most reviews of welfare now start with listing the needs of the animal,
including needs to show certain behaviours. This approach has used sophisticated
studies of what is important to animals and has replaced the earlier general
guidelines described as freedoms. Many measures of welfare are now used and
indicate how good or how poor the welfare is (Broom, 2011). Therefore, PLF
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enables farm animal welfare focusing from the group level to monitoring and
managing individual animals of different categories, which is enabled by use of
new advanced technologies (Van Erp-van der Kooij and Rutter, 2020). PLF uses
advanced technologies for automatic, real-time monitoring of animal behaviour and
health, and their influence on environment and production (Beckermans, 2017), in
order to detect variableness at an early stage and improve current state of animal
health, welfare and efficiency, expecting to improve production sustainability
(Beckermans, 2014). PLF relies on four elements (Wathes, 2010):

1. The 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, pollutant emission or growth rate;

4. Actuators and a model-based predictive controller for the process inputs.

According to Buller et al. (2018), protecting the welfare of farmed animals
has entered the public policy mainstream in many countries. The development of
animal welfare policy and science faces new challenges, particularly in the context
of the increasingly in food security, climate change, and human nutrition, opening
numerous practical and ethical questions. These issues have potential impact on the
welfare science and policy development and therefore need to be discussed,
especially two of them; the first is the growing incorporation of animal welfare into
contemporary understandings of sustainability (IFC, 2014), now formally endorsed
in the United Nations Committee on World Food Security Draft Recommendation,
and the second is intertwining of animal and human health, increasingly
represented by the ‘One Health’ and ‘One Welfare’ agendas (Gibbs, 2014; Pinillos
etal., 2016).

Hotzel (2014) considers that animal welfare science should be
revolutionizing production systems since no system can be considered as
‘sustainable’ if it does not ensure high quality animal welfare (Wathes et al., 2013;
IFC, 2014). This is already happening through a growing attention being paid to
‘reflexive interactive design’ and its application, notably to the development of
sustainable dairy systems (Bos, 2008; Bos et al., 2009) and the technological
innovations and improved welfare possibilities associated with precision farming
(Berckmans, 2006; Dawkins, 2014). It is happening with the expanding
incorporation of welfare criteria in environmental certification and assurance
schemes, but these are often limited to relatively high-end food supply chains, as
well as legislative changes reactions (Buller and Roe, 2008; Buller, 2018).
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In the very informing study of Van Erp-van der Kooij and Rutter (2020),
different types of PLF sensors in use or expected in future to be in use were
presented (Table 1).

Table 1. Examples of PLF sensors commercially for use on-farm

Sensor Location Measure Reason
Leg-mounted Activity Oestrus, health
Neck-mounted Activity Oestru§ ! hgalth,
Accelerometer — rumination
Rumen bolus Activity Oestrus, health
Ear tag Activity Oestrus, health
Tail-mounted Tail posture Onset of calving
Temperature sensor Ear tag Body temperature Health
Rumen bolus Body temperature Health
pH sensor Rumen bolus Body temperature Health
Milk characteristic Milk_ing mz_ich_ine, Progesterone, BHB, Pr_egna_ncy, keto_si_s,
online or inline urea, LDH digestion, mastitis

Milk characteristic

Milking machine

Milk flow, colour,
conductivity

Mastitis

Sound analysis Neck tag Rumination Health, stress
Vision Camera Body Condition Health, nutrition
Score
Vision Camera Face recognition Identification
Beacons and neck Locomotion, Health, stress,
Positionin tags behaviour reproduction
g Wireless sensor Locomotion, Health, stress,
network behaviour reproduction
Weighing device Dairy farm, feeder We'gmtgﬂg feed Growth
Pressure sensor Floor sensor Leg pressure Lameness
Ultrasonic sensor Foot bath sensor Claw shape Lameness, claw health
Vision Camera Posture Lameness
Heart rate sensor Chest band Heart rate Health, stress

(from: Van Erp-van der Kooij and Rutter, 2020)

There are several levels of PLF, varying from collecting and analysing data
at the group level down to monitoring individual animals, utilising sensors that can
be static, moving or animal-mounted (Rutter, 2012). The automatic monitoring
systems may be based on sound, images and collection of environmental data
(Tullo et al., 2013), and the technology ranges from monitoring production and
fertility to health and behaviour; some systems monitor environmental factors to
control climate conditions and there are robotic systems that automate human
handling such as milking, feeding and cleaning (Van Erp-van der Kooij and Rultter,
2020). Many PLF systems are already commercially available, with further systems
in development and likely to be improved and commercialised in the future.
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Feeding and drinking sensors - data concerning feeding and water
consumption could be collected directly from automatic feeders (Rushen et al.,
2012) or waterholes (Meiszberg et al., 2009), or indirectly from sensors that
monitor behaviour, location or the animals. In dairy cows, feeding behaviour and
grazing can be monitored automatically using activity meters, location sensors or
sound sensors (Rutten et al., 2013; Vanrell et al., 2018; Werner et al., 2018).
Rumination can be monitored by sensors on a neck collar, based on accelerometer
data or sound (Ambriz-Vilchis et al., 2015; Bar and Soloman, 2010), and sound
may be also analysed to measure behaviour of lying and ruminating time in dairy
cows (Meen et al., 2015).

Animal health sensors - Several sensor systems can be used to detect
disturbed health condition in farm animals, using animal-mounted sensors or
sensors as a part of farm infrastructure. Body temperature can be measured directly
- with animal-mounted sensors, or indirectly - with thermographic cameras (Sellier
et al., 2014; Arican et al., 2018). Thermographic cameras can be used for mastitis
detection in dairy cows (Hovinen et al., 2008; Bortolami et al., 2015). Body
temperature can be monitored with rumen boluses in dairy cows, which can also
monitor rumen motility and pH, as an indicator for metabolic disease (Mottram,
2015; Nogami et al., 2017; Arai et al., 2019). Accelerometers measuring activity in
dairy cows not only detect oestrus but also behavioural changes signalling disease
(Rutter, 2012; Chanvallon et al., 2014; Roelofs and Van Erp-Van Der Kooij,
2015), such as lameness (Sadiq et al., 2017; Vazquez Diosdado et al., 2018; Barker
et al.,, 2018). Symptoms of disease can be detected with sound analysis, for
example coughing calves (Vandermeulen et al., 2016). Lameness in cows can be
detected with force plates or pressure mats (Maertens et al., 2011). In milk
samples, beta-hydroxybutyrate (BHB) and lactate dehydrogenase (LDH) can be
measured automatically as an indicator for metabolic disease or mastitis in dairy
cows (Asmussen and Foss, 2010).

Housing conditions and animal comfort sensors - This type of sensors are
used mostly for pig and poultry farms, since these farms are under no influence of
the outside environmental conditions (Van Erp-van der Kooij and Rutter, 2020).
These farms require automatic control systems, regulating the indoor climate,
temperature, relative humidity (RH), air speed and carbon dioxide (CO,). In dairy
farms, commercial climate condition monitoring is in development (Antanaitis et
al., 2016).

Animal behaviour sensors - Behaviours of animals can be monitored using
location or activity data from animal-mounted sensors in dairy cows (Meunier et
al., 2018; Pastel et al., 2018). In dairy farms, activity sensors developed for heat
detection are also used for behaviour monitoring and for reporting deviations in
behaviour (Van Erp-Van der Kooij et al., 2016; ) [25, 76-79]. Lying, walking,
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eating and standing behaviour of dairy cows can be measured quite accurately with
activity meters on a leg, neck or ear tag (Van Erp-Van der Kooij et al., 2016) [25,
76, 80]. It is also possible to detect some abnormal and damaging behaviour, which
is mostly used in pig and poultry production (Van Erp-van der Kooij and Rutter,
2020). For instance, it has been reported that lame cows reveal changes to both
feeding and lying behaviour. They are slower to respond to food being made
available (Yunta et al., 2012) and feed faster, although for a reduced overall
duration per day (Norring et al., 2014). Changes in lying behaviour are also
described, although there are discrepancies between studies (Barker et al., 2018);
increased lying was described by Singh et al. (1993) and Blackie et al. (2011), no
difference by Ito et al. (2010) and Yunta et al. (2012), and decreased lying by Cook
et al. (2008). Therefore, automated individual cow behaviours monitoring could be
useful in the early detection of lameness.

Distress detecting sensors — According to Van Erp-van der Kooij and
Rutter (2020), different stress calls in cows can be recognised. The rise in heat
production during stress can be measured using a thermographic camera in cows
(Stewart et al., 2005; Stewart et al., 2017). Finally, automatic heart rate
measurements, corrected for activity, can be used to measure stress (Behmann et
al., 2016).

Measures used in on-farm welfare assessment systems are often classified
into resource-based measures: housing systems, space allowances, animal
management practises, and animal-based measures: low incidence of disease or
injury, normal behaviour (Main et al., 2003). Animal-based measures provide more
direct assessment of the state of the animals (Barnett and Hemsworth, 2009) and
nowadays PLF has an important role in the welfare assessment.

PLF implications on animal welfare

The creation of an automated assessment of animal welfare was attempted
through integration and combining of certain measures (Van Erp-van der Kooij and
Rutter, 2020), but still no system offers everything that could be achieved by using
a full combination of all systems operating together, and almost without exception,
the different technologies operate ‘stand-alone’ and will not communicate with
each other (Caja et al., 2016).

PLF has the potential to monitor, manage and control many aspects of
livestock production, simultaneously and automatically (Wathes et al., 2008).
Regarding calving prediction, recognition and early detection enable timely
assistance, which is necessary to ensure the survival of cows and their offspring
(Lopes et al., 2016). There are some calving detection sensors on the market, which
resort to the detection of different changes that occur around or during calving.
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According to Saint-Dizier and Chastand-Maillard (2015), these sensors should
point out variations of rectal and vaginal temperatures (0.4 to 0.6 °C and 0.6-0.7 °C
respectively lower on the day of calving than 48 hours before), for both beef and
dairy cattle. On the calving day, their behaviour changes, the animals tend to
isolate themselves from the rest of the herd, have increased activity and lie down
and stand up more often, increased movements by the tail close to parturition and
rising of the tail head as early as 5 days before parturition. There are decreases of
feeding, drinking and rumination activity which also should be noticed.

Bioacoustics has been used to evaluate conditions such as stress and
welfare through screams, calls and vocalizations, and to assess health by
monitoring coughs and sneezes (Ferrari et al., 2010). Furthermore it is a simple,
cheap and non-invasive technology. Respiratory diseases, such as bovine
respiratory disease (BRD), are one of the most prevailing pathologies in young
categories and early recognition of cough sounds is being used as a method of
diagnosing respiratory diseases. Cough sounds can only be assessed during a visit
to the farm and an automatic monitoring tool for animals’ coughs can contribute to
improved farm management through opportune treatments (Vandermeulen et al.,
2016).

Use of different types of imaging, such as infrared thermographic imaging
(IRT), magnetic resonance (MR), computer tomography (CT) are accurate and
saving time but expensive and in logistic aspect demanding methodology for
diagnostic of certain primarily health disorders. According to Arican et al. (2018),
thermographic examination may have potential as a detection tool for laminitis.
MR transversal images provided excellent depiction of anatomical structures and
many biometric researches in the bovine hoof can be easily investigated, especially
during the initial active phase of laminitis. However, the usefulness of IRT, MRI,
CT in evaluating laminitis in different situations remains still open. Diagnostic
imaging technique such as radiography and ultrasonography provide limited
information for evaluation of the bovine digits and claw. Radiography has limited
value to evaluation of soft tissue.

In order to to evaluate the potential application of thermographic imaging
compared to SCC and bacteriological culture for infection detection in cow
affected by subclinical mastitis, Bortolami et al. (2015) took thermographic images
from each functional udder quarter and nipple. Authors found that infrared
thermography was correlated to SCS (p<0.05) but was not able to discriminate
between positive and negative cows. The association found between SCS and
temperatures suggests the use of thermographic imaging as a screening tool helpful
in the evaluation of an inflammation status of the udder, but seems to have a poor
diagnostic value. Similar results regarding thermal imaging in assessing body
temperature of calves were published by Bell et al. (2019), suggesting that accurate
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measures of core body temperature using thermal imaging cannot be achieved
under commercial farm conditions and that further research is needed.

Another approach to animal status assessment traditionally includes
manual and visual scoring, but the large number of man-hours required for these
methods involves high costs, and use of a sensor attached to the animals can be
invasive and may alter the outcome (Cangar et al., 2008). For this reason, the use
of automatically collected images to analyse farming systems is becoming more
and more common (Tullo et al., 2013). Early detection of certain symptoms of
health disorders might be useful when immediate therapy is required, such as real-
time rumen temperature monitoring by utilizing an ingestible biosensor (Kim et al.,
2019). It proved to be right and that mastitis is accompanied with a high rise in
body temperature.

PLF can combine audio and video information 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). The PLF approach can easily be applied to
different aspects of management, with a focus on the animals and/or the
environment, and at different scales, from the individual to the entire flock/herd
(Wathes, 2010).

The human-animal relationship is important for animal welfare and could
be measured automatically. An integrated approach to animal welfare assessment
should be possible, but this approach needs to be further defined and validated
(Van Erp-van der Kooij and Rutter, 2020).

The greatest uptake of PLF technologies to date has been in intensive
animal production systems, but Van Erp-van der Kooij and Rutter (2020) deem
that there is a risk for the technological intensification of production may be
neglected animal welfare enhancement by promoting positive experiences
(Stevenson, 2017) and decreased contact between farmer and animals, therefore
disturbing the human-animal relationship and decrease the opportunities to directly
observe the health and well-being of the animals (Hostiou et al., 2017). Over-
relining on PLF might cause missing of other diseases signs (Wathes et al., 2008).
Farmers often do not understand PLF systems and need to be maintained and
calibrated (Hartung et al., 2017). Therefore, automated detection system must
work on any farm in any conditions, and data standardisation is strongly dependent
on manual labelling, which is necessary for data analysis and model development.
Key indicators and standards must be clear and precise (Tullo et al., 2013).

PLF systems should improve welfare by optimising feeding and
systematically monitoring growth and/or weight measurements (Wathes et al.,
2008), by early detection of disease, such as lameness or mastitis, as well as by
improving housing conditions with devices such as robot scrapers and automated
climate control systems (Blokhuis, 2010). Webster (2016) is right claiming that
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giving animals the ability to make choices that promote their own quality of life
could help improve welfare, which could be managed through individual feeding,
robotic milking or voluntary showering facilities. PLF systems may increase
welfare if the farmer responds adequately to the PLF system alerts; however, good
tools do not automatically guarantee good utilisation by a stockperson (Van Erp-
van der Kooij and Rutter, 2020).

Conclusion

The welfare of dairy cattle is a complex phenomenon, which requires
multilevel, multidimensional and planned approach. Precision livestock farming
(PLF) enables farm animal welfare focusing from the group level to monitoring
and managing individual animals of different categories, which is enabled by use
of new advanced technologies. A number of developed PLF sensors increase as
investigations advance, although welfare assessment systems are not efficient
enough yet and further research is needed. PLF is a useful tool for the farmer to
monitor and improve animal welfare, upgrading living conditions for the cows and
to detect early symptoms of health disorders. According literature data, previous
and future investigations are encouraging possibility of PLF mechanisms use into
automated barn surveillance systems in order to assess, control and improve dairy
cattle welfare in entire production process through early reaction.

Precizna poljoprivredna proizvodnja za poboljSanje
dobrobiti mle¢nih goveda

Branislav Stankovi¢, Slavéa Hristov, Dusica Ostoji¢ Andri¢, Ivana Milosevic-
Stankovi¢, Dimitar Nakov, Mirjana Rasovi¢ Bojanié

Rezime

Dobrobit mle¢nih goveda je slozen fenomen koji zahteva viSestepeni,
viSedimenzionalni i planski pristup. Precizno uzgajanje stoke (PLF) omogucava
fokusiranje dobrobiti domacéih zivotinja sa grupnog nivoa na pracenje i upravljanje
pojedinim zivotinjama razli¢itih kategorija, Sto je moguce upotrebom novih
naprednih tehnologija.

Osnovni princip precizne poljoprivrede je upotreba senzorskih tehnologija u cilju
poboljSanja efikasnosti kori§¢enja resursa u okviru zadatih uskih grani¢nih
vrednosti parametara. Razvijen je niz preciznih tehnologija za nadzor i kontrolu
Zivotinja, prvenstveno radi poboljSanja efikasnosti stocarske proizvodnje, ali se one
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mogu upotrebiti preciznije i delikatnije u ranom otkrivanju odredenih stanja, na
primer pocetne hromosti kod muznih krava, nadzor u realnom vremenu u vreme
teljenja ili za daljinsko merenje telesne temperature za pojedinacna grla, u cilju
ranog i efikasnijeg preduzimanja terapijskin mera. Monitoring i kontrola
parametara Zivotne sredine u Stalama mogu pobolj3ati udobnost Zivotinja, a sistemi
za automatsku muzu olakSavaju odabir grla i poboljSavaju interakcije ljudi i
Zivotinja.

Prema literaturnim podacima, sprovedena i buduca istrazivanja ohrabruju
mogucnost upotrebe PLF mehanizama u automatizovanim sistemima za nadzor
Stala u cilju procene, kontrole i poboljsanja dobrobiti mlecnih goveda u celom
proizvodnom procesu moguéno$éu brzog reagovanja.

Kljuéne reéi: goveda, poboljsanje, precizno stoCarstvo, senzori, nadzor, dobrobit
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