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Abstract: Precision management of animals using technology is one innovation in agriculture that has the potential to revolutionize
whole livestock industries including the poultry sector. Limited research in precision livestock farming (PLF) in the poultry production
has been so far conducted and most of them are conducted within the past 5-10 years. The PLF collects real-time data from individual or
group of animals or birds using sensor technology, and involves the multidisciplinary team approach to give it a reality. Poultry scientists
play a central role in executing poultry PLF with collaboration from agri-engineers and computer scientists for the type of measurements
to be made on biological or environmental variables. A real-time collection of environmental, behavioral and health data from bird
grow-out facilities can be a strong tool for developing daily action plans for poultry management. Unlike other livestock farming, the
attributes of poultry rearing such as a closed housing system and vertically integrated industry provides a greater opportunity for poultry
sector to adopt technology-based farming for enhanced production output.
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1. Introduction

“Precision”, a focal word in livestock farming
including the poultry sector, refers to the precise control
and optimization of production processes in order to
improve animal welfare, productivity and profitability
[1]. Precision management of animals using technology
is one innovation in agriculture that has the potential
to revolutionize whole livestock industries. Precision
livestock farming (PLF) of commercial poultry has
both challenges and opportunities because of the large
size of the flock as PLF, in principle, involves
monitoring farm animals at an individual level [2]. An
important dimension of PLF that requires an initial
consideration would be evaluating spatial distribution
suitability of farm geography so that there is minimal
environmental impact and greater prospect on
economic viability of farm construction in a specific
area [3]. Siting of a farm could be evaluated for slope
gradient, land type, ecology conservation, cultural
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relics, soil fertility demand, distance to transport
route, distance to surface water, distance to residential
area, and distance to existing large-scale livestock and
poultry farms [3].

There is an ongoing discussion on whether the
PLF technology in poultry precision management at
individual bird level would be feasible or would still
need considerable research and development before
its acceptance to the poultry sector [4, 5].
Nonetheless, tremendous opportunity lies in the
poultry sector for PLF technology [6]. Because of the
fast growth rate, modern broilers are vulnerable to
problems such as lameness, contact dermatitis, and
metabolic diseases [7]. Using proper sensors and
artificial  intelligence  technology such as
ultra-wideband (UWB) tracking, computer vision
(CV), accelerometers, or radio frequency
identification (RFID), the potential remains to
monitor the flock at an individual bird level [8-11].
The RFID is a form of wearable sensor technology
whereas CV is the remote sensor technology. The
RFID can be utilized in bird behavior study [8]. It
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becomes even more meaningful for poultry sector if
PLF technology can be fully adopted as compared to
its application in other livestock species as thousands
of birds in the flock can be saved from early detection
of one sick bird that needs to be culled from the flock
before the situation transforms to endemic. The
strength of PLF technology lies in its ability of
distinguishing abnormal behavior or activities in early
stage and real-time as a consequence of disease, injury
or any type of stressors, and thus, applying corrective
action to the affected flock that sick animal or bird
represents. The poultry farming, like any other
livestock farming, is faced with many challenges as
more concerns are raised in animal welfare,
antibiotic-free (ABF) production, and environmental
impacts while producing the food animals [12-14].
Poultry producers and growers are optimizing their
profit margin handling larger flocks with limited labor
access and availability. A survey with poultry growers
in one of the states in US showed the average number
of employees per farm was 1.42 [15]. This
necessitates an application of new technologies in
grow-out facilities. The data outputs of PLF aid in
enhanced monitoring of flock at the individual level

with minimal labor involved and promote in taking
daily  wholesome  decision  regarding  flock
management [16]. Unlike other livestock farming,
poultry rearing is conducted in a closed housing
system. Furthermore, the industry is vertically
integrated, which allows more opportunity for the
industry to adopt technology-based farming. This
paper highlights the need of research and development
of PLF in poultry sector, and traces the past and
current research on the sensors and technology used in
poultry facilities to collect and understand the barn
environment, health and welfare, and feeding
behavior.

2. PLF Is a Multi-disciplinary Approach
with Poultry Scientists in a Key Role

The PLF is a multi-disciplinary team approach of
mainly poultry scientists, agri-engineers, and
computer scientists to make poultry PLF a success or
a reality. The poultry scientists play a key role in
precision poultry farming as understanding the
fundamentals of bird biology and management cannot
be overruled. Fig. 1 represents the schematics
outlining the precision farming in poultry sector.
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Fig. 1 Outline of the application of precision livestock farming (PLF) approach in poultry sector.
An interdisciplinary team involvement in executing poultry PLF with poultry scientists playing the central role.
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The PLF collects real-time data from individual
animals or birds using sensor technology. The sensors
can be installed in the barn unit or can be wearable by
animal in the least intrusive way while allowing the
animal to fully express its natural behavior. Poultry
scientists will play a central role in collaborating with
agri-engineers and computer scientists and articulating
for the measurements to be made on biological or
environmental variables. Agri-engineers can help
design the PLF technology according to the need as
expressed by poultry scientists. The concerted efforts
produce an output, such as animal friendly sensors
and/or data management systems, to generate
information for decision making. In complex cases,
handling the large pool of data (visual, categorical or
numerical) will require aid of artificial intelligence to
develop algorithms or patterns where computer
engineers and data scientists come into picture. By
comprehending these algorithms and patterns, it helps
poultry scientists to take timely and real-time
appropriate management decisions.

PLF system not only helps capture the
animal-related data but also gives insights on the
impacts of facility design on the performance of birds.
By utilizing the data generated from animals/birds
using PLF technology, it facilitates the considerations
to be made to reengineer the whole facility design.
PLF can be applied to several areas of poultry
production.

3. PLF in Improving Management, Health
and Welfare, and Feeding of Poultry

Limited researches in PLF in the poultry sector
have been so far conducted and most of them are
conducted within the past 5-10 years (Table 1). The
PLF researches in the poultry sector concentrated on
taking data related to barn environment [17, 18], and
health and behavior of bird to assess the welfare [19,
20]. Various automated sensors have been in use in
poultry grow-out facilities to monitor air temperature,
air velocity and humidity. Very few researches have

been conducted in precision feeding [21] or feeding
behavior [22]. Combining the environmental data with
bird behavior data measured from utilizing sensors,
the algorithms can be developed [8, 23-26]. The
pattern discovered from using algorithms can be a
valuable tool to make decisions regarding daily bird
management or improving welfare. A study utilized a
prototype sensor to monitor volatile organic
compounds (VOCs) in the air inside the barn, where it
was shown to detect the presence of early coccidiosis
infection [27]. Several wireless-based sensors and use
of Internet of Things (loT) tools to monitor
environmental parameters have been proposed as a
promising tool in PLF [28-33].

Footpad dermatitis is one major welfare concern in
broiler production that is linked to poor grow-out
environmental conditions. Broilers affected with
footpad dermatitis develop ulcers in footpads affecting
their gait, and eventual inability to reach to feed or
water. Welfare assessment in broilers using the
manual scoring resource is time-demanding and can
risk farm from biosecurity measure. Strong co-relation
was predicted (p < 0.001) for footpad incidence in
broilers with thermal temperature and humidity index
[23]. Several other studies proposed the fully
automated monitoring system for early detection of
lameness [34-36].

Sensors have also been utilized for the early
detection of viral disease states. Avian influenza can
sometimes be epidemic and pose a potential health
threat to both birds and humans. A research team
developed an avian influenza monitoring system
utilizing sensor network by a simulation of the spread
of highly pathogenic avian influenza viruses in
chickens, and the results showed the capability of
sensors detecting the avian influenza virus two days
earlier than conventional detection of disease outbreak
[37]. Other respiratory diseases can be timely detected
using appropriate sound technologies [26, 38].

Sensing devices such as video cameras have been
utilized to identify and differentiate broiler and breeder



Table 1 Research highlights in precision livestock farming (PLF) technology in poultry sector.

Variables measured Sensor technology Assessment Technology provider Data processing and analysis References
. Manual with WQ protocol; a
Environmental: humidity and RHM.2-RHO/2 Sensor and air . Fancom BV, Panningen, the  mixed-effects logistic regression
. temperature (SF.7 Temp Foot pad dermatitis : [23]
air temperature s Netherlands model, mean scatter plot; SAS Inst.
€nsor) sensors Inc
Adobe® Audition™ CS6; the Fast
Sound: vocalizations Recorder, microphone Growth rate Marantz PMD 661 MK, Fourier Transform (FFT); SAS 9.3 [24]
Marantz Professional, USA -
version, t-test
Environmental: air EL-USB-2 (temperature and
temperature, humidity, light, humidity); TGS 826 Ammonia Bird performance and energy
air speed, and air quality (CO, Gas Sensor; TGE-0011; consumption Excel spreadsheet [25]
and NH; concentrations) Tinytag CO,
Ultra-wideband (UWB), radio
Behavior: feather pecking in  frequency identification . ) )
laying hens (RFID), and computer vision Behavior (8]
(%)
Environmental: humidity, CO, Ifn?ﬁjl.g/ 1 €Oz SHTTS Barn environment ZigBee, USA Trans-receiver nodes [32]
Manual annotation of sneezing sound;
Sound: sneezing Microphone Respiratory health SoundTalks NV, Belgium Audacity (version 2. 1.1); Specsub  [26]
command in Matlab
Allied Vision Technologies !mage processing software thfit
. . involved calibration, subtraction, and
Gait score Camera/imager Lameness GmbH, Taschenweg 2a s [34, 35]
shape parameters; Friedman and
D-07646 Stadtroda, Germany
Dunn tests
Regression correlations between
Activity/broiler behavior eYeNamic™ camera system  Activity & occupation indices Fancom BV, the Netherlands Iocomo'tory behavior (activity and [20]
occupation patterns) and welfare scores
(for footpad lesions and hock burn)
Sound signal filtering, extraction,
Sound: individual pecking Microphone and video images Feed intake Monacor ECM 3005, adaptm_g_ thfeshold,_and sou_nd [39]
Germany recognition; analysis of variance
(ANOVA)
Body positions to behavior Video images Broiler breeder behavior Image processor and CV [40]
Feeder: Model CT1200, Ohaus
. Corporation, Florham Park, .
Feeding and drinking events Controlled chambers with Feeding and drinking behavior NJ, USA; Waterer: Cole Custom built 485 master modules [41]

electronic weighing balance

Parmer Co., Vernon Hills, IL,
USA

interfaced with PC; Excel




Table 1 to be continued

Variables measured Sensor technology Assessment Technology provider Data processing and analysis References
RPGR30ATGA, Texas
Body weight (BW) RFID transponder Flock uniformity Instruments, Inc., Dallas, TX, Mixed procedure of SAS; ANOVA  [42]
USA
Ammonia, ventilation rates I(\/I’velztoaé)o xide semiconductor Barn environment SGX, Switzerland [43]
Production system variables, . . . .
e.9., stocking density, beak Computer model, FOWEL Welfare status of production Microsoft Access with tables, queries, [44]
A system forms and reports
trimming, husbandry type, etc.
S . L . . Manual, reading from sample using
Bird identification using Bar code scanner; images from Bird identification/traceability Domino Amijet Inc., Cognex DataMan 7500; Chi-squire  [45]

barcodes in beaks and legs

camera

Cambridge, United Kingdom

and Pearson’s tests (categorical data)

Posture analysis of birds
(sick versus healthy)

Camera images generated by
Logitech C922 CCD camera

Visual diagnosis of diseased
state

CV; Support Vector Machine models [36]

Air velocity, air temperature

Infrared thermometer; air

Barn environment/tunnel

Computational Fluid Dynamics

and relative humidity velocity meter ventilation system g%dsesl;) Stepwise logistic regression  [46]
\(ocal phrases and audio Sound recorder Bird health ) Wlenfer entropy; Cepstral peak 38]
signals prominence
) GPRS enabled held devices ~ Farm operation traceability
(e.g., cell phone, PDA) system Internet server and computer [11]
Electronic weighing scale; . _— . . . . . .
Feeding events digital communication ports; Feedlr_]g statistics and pecking CT1200, Ohaus Corporation, ngh-freque_ncy time-series weigh [47]
. . behavior Florham Park, NJ, USA scale recording
video recordings
Tempgrature, hum|d|_ty, light Mobile phone and wireless . Cloud services as database and
intensity and population Barn environment - . - [48]
density sensor network (WSN) computational offloading
Infrared FLIR ThermaCAM Researcher Pro
Body temperature thermography/portable Sensible heat loss from body Model b60, FLIR Systems, 2.10; ANOVA using a general linear [49]

thermographic camera

USA

model
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behavior pattern to predict their health condition in
confined and non-confined conditions [40, 50-52].
Feed intake of birds can be measured utilizing the
sound technology and by developing a correlation
between numbers of pecking and feed intake of broiler
chickens [39]. Precision feeding of broilers can be
important to optimize the genetic growth potential of
meat broiler strains and to maintain increased protein
turnover that these birds are undergoing [53]. In
breeder hens, the practice of precision feeding can
help maintain target body weight (BW) of hens within
a specified BW curve to retain their optimal
reproductive state. Precision feeding showed the
unprecedented flock BW uniformity (CV < 2%)
versus the lowest reported in convention feeding of
6.2% CV in breeder hen rearing [42, 54]. Furthermore,
the precision feeding breeder pullets showed relatively
less expenditure of energy as heat, which was due to
the reduced need to store and mobilize nutrients
compared to pullets undergoing conventional
restricted feeding [55].

PLF technology in the poultry sector will help
enhance the poultry  production and
profitability improving the management decisions on
bird health, nutrition and welfare [56]. However,
adopting a new technology for taking daily
management decision at farm level can be
challenging. Technology adoption by growers needs
data to be presented in the end-user format [57]. The
companies pay incentives to growers based on how
well the growers manage their flocks in terms of
performance compared to flock performance of other
farms in the region [15]. Educating growers on
adoption of new technologies in production and
management processes can enhance overall health and
flock performance, and the overall economic return.

overall

4. Summary

PLF of commercial poultry can be a promising
approach to enhance productivity and profitability.
The PLF technologies in poultry sector are still in

primitive stage. Poultry scientists, agri-engineers and
computer scientists play key roles in bringing poultry
PLF into a reality. However, it is equally important
that all sectors involved in the poultry production
chain including but not limited to, start-up companies
working on sensor development, feed suppliers, farm
equipment  providers, farm facility designer,
veterinarians and environmental scientists, should put
concerted effort in making PLF a reality in poultry
sector. An automatic and systematic collection of
environmental and health data from bird grow-out
facilities can be a strong tool for developing action
plans for poultry management. Unlike other livestock
farming, the attributes of poultry rearing such as a
closed housing system and vertically integrated
industry set-up provide a greater opportunity for
poultry sector to adopt technology-based farming. The
PLF research in all dimensions of poultry
management, health, welfare and feeding is the
current need in the poultry sector, as many areas
remained unexplored. Hi-tech farms and economically
viable poultry production can be created by
transitioning to PLF technology that will assure future
food security issues.
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