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Abstract

Precision Livestock Farming (PLF) is a mechanism that manages a production system.
This mechanism includes mathematical models and controllable inputs that can predict
inputs with processes and results that can be monitored periodically. These parameters
of PLF systems can improve resource use efficiency and reduce cultivation costs. Many
situations, such as the behaviour of animals on farms, their nutrition, estrus cycles,
and epidemics, can be monitored with wearable devices containing various sensors.
However, real-time monitoring of the data collected by these devices is possible with
Internet of Things (IoT) technology. IoT is a multi-layered network that enables sensors
within the system to communicate with each other and implement certain decisions
when necessary. Sensors and IoT devices extract information from the raw data they
collect from the environment, which is then shared with other objects, devices, or
servers via the internet. The real-time data collection, processing, and analysis provided
by IoT enables improvements in the management of animal farms. This systematic
review addresses IoT concepts and applications in the livestock sector from a systematic
perspective for different animal farms.
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INTRODUCTION

Livestock farming and agriculture play a key role in the
economies of many countries. Livestock farming is an
agricultural and economic activity in which various
animal species are raised, generally for the benefit of
people, to obtain products such as meat, milk, eggs, and
wool or to sell the animals. It can be carried out to supply
animal products for animal husbandry, food production,
textiles, industry, and other industries. This activity often
includes nutrition, shelter, health care, reproduction, and
other management practices. Increasing urbanisation
limits the amount of land available for animal farms;
However, the demand for animal products is increasing
day by day. Due to limited land and other limited natural
resources, farmers are forced to feed more animals in
smaller areas ['l.

Feed and disease are among the most basic cost elements
in livestock farming. Proper nutrition of animals is
important for both the health of the animal itself and the
efficiency of the products obtained from the animal ©.

Since animals live together in shelters, if one of them
contracts an infectious disease, it may result in the loss
of many animals. Therefore, to reduce animal losses in
animal husbandry and increase animal product yield, the
nutritional and health status of animals must be regularly
monitored. In traditional animal husbandry, all of these
are carried out by farm workers. Constant monitoring is
required to prevent problems. However, since decisions
are made by people, oversights or disruptions may occur
due to humanitarian reasons in this process. Employing
more personnel to ensure adequate monitoring brings
additional costs.

As in many fields, the use of information technologies
in the livestock sector is becoming more widespread
day by day. In particular, internet of things applications
have made rapid progress in smart livestock solutions. A
sensor is a device that can measure and detect a physical,
chemical, or biological condition. Smart livestock farming
is a system that enables the health and welfare of animals
to be monitored and analysed using various sensors
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integrated into the animals and/or the environment in
which the animals live and to send feedback to the farmer
and/or veterinarian in case of a critical situation ©*.

The IoT is a technology that connects various objects
without the need for human support. It has a multi-layered
structure that includes both hardware and software.
IoT systems include sensors and actuators. Sensors
collect data from the environment, and actuators create
commands based on the data and transform them into
physical actions ™. Collected data is usually stored in
cloud-based areas, providing real-time monitoring. The
stored data is used to detect deviations from normal or
abnormal conditions. In this detection phase, artificial
intelligence (AI) or machine learning (ML) algorithms
are generally used. Sensors are usually integrated into
a wearable device and placed on the animal ®). When a
situation that requires intervention is detected as a result
of the analysis, techniques such as Radio Frequency
Identification (RFID) and QR codes are used to enable
IoT devices to identify the animal . In an IoT system,
human effort to control, protect, maintain, and monitor
these smart devices should be minimal. With the correct
interpretation of data from sensors, cost loss due to
animal diseases can be reduced, and animal life cycles can
be improved.

This study aimed to systematically review experimental
studies analysing IoT systems in the field of animal
husbandry. In this comprehensive review, state-of-the-
art IoT systems developed for livestock and poultry, fish
farms, and beekeeping are thoroughly examined and
comparatively presented.

MATERIAL AND METHODS

The general framework for the use of IoT technology in
animals is presented in Fig. I. As seen in this flow chart,
data collected from animals with sensors is transferred
to devices such as computers, tablets, and phones. After
the data is analysed by farmers, veterinarians, or experts,
animals are intervened when necessary.

Fig 1. The general framework for IoT technology in livestock farming

In this review, studies on IoT-based livestock systems
for different animal species were examined. The studies
presented are limited to the years 2013-2023 to include
current technology. Conference publications were not
included, and only articles were focused on. Studies whose
full text was not published or published in a language other
than English were not included in this review. Since the
focus of this review is IoT, studies conducted solely with
information technologies such as image/audio processing
have also been ignored. The research was conducted
through Google Scholar, and the keywords used are as
follows: IoT for animal estrus/calving/fertility, IoT for
animal lameness, IoT for animal breeding, IoT for animal
feeding, IoT for animal health, IoT for animal behaviour,
IoT for fish farming, IoT for animal location tracking, IoT
for bee/hive, IoT for poultry/chicken.

The results of the literature review are presented under
the titles of animal health monitoring, animal activity
detection, animal location tracking, animal smart
feeding, animal estrus/calving detection, animal lameness
detection, IoT for fish farming, IoT for beekeeping, and
IoT for poultry management. Some studies may contain
more than one title. For example, in some estrus/calving/
lameness detection studies, the activities of the animals
are also detected. Studies on animal health monitoring
and animal smart feeding may also include animal
location tracking. This systematic review, it was examined
23 studies for animal health monitoring, 6 studies for
animal behaviour detection, 11 studies for estrus/calving
detection, 7 studies for animal location tracking, 6 studies
for animal smart feeding, 2 studies for lameness detection,
5 studies for beekeeping, 10 studies for fish farming, 6
studies for smart poultry. As a result, a total of 76 articles
were reviewed.

Internet of Things (IoT)

IoT is a technology that provides the ability to exchange data
in real time between multiple different smart devices ..
In this way, data is collected by communicating between
various devices, and this data is transmitted to a cloud
system or an end device through a gateway using
communication protocols such as Wi-Fi and Bluetooth .
There are 5 basic components in the IoT system: smart
devices, gateway, data storage unit, IoT application, and
graphical user interface. Smart devices consist of devices
that can exchange data, such as sensors. Gateway allows
data to be transmitted to other devices and includes
encryption methods for data security by regulating
the state of the network. Data storage is used to collect
incoming data. Data coming from smart devices at various
periods must be stored somewhere to be monitored and
analysed. This data can be stored on a server or in a cloud
system. IoT applications are software that integrates data
from smart devices. It may include technologies such as
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machine learning and artificial intelligence to analyse
data and make various decisions based on this data. The
decisions taken are transmitted to the IoT device, allowing
it to respond according to the incoming input. Graphical
user interfaces are interfaces, such as a mobile application
or website, used to monitor and control incoming data ..

The Internet of Things is a network of subnets in which
objects, animals, or people are equipped with unique
identifiers and can enable data transfer without requiring
human-to-human or human-computer interaction [,
IoT architecture for livestock farming generally consists
of four layers, and these layers are given in Fig. 2 ''2],

Fig 2. IoT livestock network architecture

Application layer: It is the top layer of the IoT network
architecture and provides communication and interaction
between IoT devices and applications M. The application
layer is the most visible and user-friendly part of the IoT
system. IoT applications in livestock farming are generally
used for purposes such as tracking animals, monitoring
health status, and farm management. The application
layer supports various protocols and functions for
such applications. In an IoT-based livestock application,
the application layer supports functions such as data
collection, data analysis, decision support, and application
interface . At the application layer, several different
protocols can be used to enable data communication and
interaction in IoT systems. Hypertext Transfer Protocol
(HTTP), Message Queuing Telemetry Transport (MQTT),
Constrained Application Protocol (CoAP), Advanced
Message Queuing Protocol (AMQP), WebSocket, and
Data Distribution Service (DDS) protocols are commonly
used in IoT-based livestock applications 415,

Transport Layer: Acts as a link between the application
layer and the network layer to enable communication
between hardware and software. This layer allows animal
information to be collected, transmitted, and analysed
through sensors. It also ensures secure and error-
free transmission of the obtained information using
transmission control protocol (TCP) "2 In this way,

the health status of the animals, their movements, and
other important information are reliably transmitted and
analysed.

Network Layer: Transmits data as digital signals over the
network to relevant platforms. This layer may contain
only one relay point, with one interface connected to the
sensor network and the other interface connected to the
Internet "' Tt is also the base layer that monitors livestock
applications such as animal health monitoring, tracking
pet observation, etc., and transmits the information to the
application layer. According to the concept of IoT network
architecture, all wearable devices and sensors in livestock
use 6LoOWPAN and IPv6 systems to transmit data via the
IEEE 802.15.4 protocol [121],

Physical layer: It is the lowest layer in the IoT network
architecture and undertakes the task of collecting data
through RFID, sensors, etc., and converting it into
readable digital signals "!. This layer monitors and
measures several parameters related to the health status of
the animals, such as their movements, body temperature,
and digestive activity. It uses sensors and actuators to
continuously monitor relevant parameters. Sensors collect
data about the animal or the environment and convert it
into analogue or digital signals. Z-wave, EPC-Global, LTE,
and IEEE 802.15.4 are standards of the physical layer. The
most popular among these is IEEE 802.15.4. Because IEEE
802.15.4 is less complex than others and has lower power
consumption and cost 2.

Sensor Technologies

Sensors are devices that process physical information and
convert it into electronic signals. IoT applications detect
data from the outside world and convert them into digital
and usable signals, enabling them to collect data from the
outside world for functions such as actions and decisions.
These data, obtained by measuring a physical, chemical, or
biological condition or phenomenon, are used to predict
deviations or abnormalities. In IoT applications, various
sensors can communicate by sending and receiving data
to each other over the internet. In IoT-based Precision
Livestock Management applications, sensors are used
to measure the suitability of the environment where
animals live and to collect data about the animal’s physical
condition. This collected data is processed and analysed
to monitor or detect various situations in advance. Sensor
technologies and their purposes of usage in Precision
Livestock Management applications are given in Table I.

Sensors can be grouped into external and invasive sensors.
External sensors are usually mounted on a wearable
device and placed on the animal’s body. In this context,
a wide variety of sensors are used. Accelerometers and
pedometers are widely used to monitor animals’ activity.
Increased mobility in animals may be a sign of an estrus
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period, and a decrease may be a sign of lameness !'”'#. The
health of the animals and the quality of the environment
can be monitored with temperature and humidity
sensors. Turning on a fan or heater depending Riaboff
on the increase or decrease in temperature provides an
increasing effect on animal welfare. It is important to
monitor as increases in humidity levels can cause stress
in animals. Increased humidity and temperature will
also create a suitable environment for the transmission
of diseases. Low humidity can cause breathing problems
and result in dehydration. Animal sounds can be used
for situations such as disease and estrus monitoring 2"},
GPS can be used for activity tracking in conjunction with
activity sensors, as well as tracking the location of animals.
In addition to sensors, images collected from cameras and
sound data collected from microphones are used to track
information such as the activity of animals and disease
status.

Invasive sensors are often used to monitor physiological
measurements such as core body temperature. It is
administered either by the animal swallowing it or
by implanting it into the animal. Invasive sensors can
directly measure factors for monitoring animal health 2.
Therefore, they produce more accurate data than external
sensors. They also enable the monitoring of parameters
such as hormones, which are not possible to obtain with
external sensors. However, since external sensors are
integrated into animals with wearable devices, they are
both reusable and easier to apply, causing less stress in
animals. Also, it is lower in cost.

Sensors for animals are placed with wearable devices such
as neck collars, headphones, and ankle collars that are
attached directly to the animals. The data to be collected is
the main element that determines where the device should
be placed on the animal . These sensors usually need
to be in contact with the body, but hair on the animals
can make direct measurement difficult. Additionally,
wearable sensors mustn't be uncomfortable or heavy for
animals; otherwise, the animal will try to get rid of the
sensor. Considering the environment and activities of the
animals, they need to be water and impact-resistant and
long-lasting. Another important element for sensors is
that they require energy to collect and transmit data. This
energy is provided by batteries. Since frequent battery
replacement is a difficult process for animals, it is also
important that the energy source to be used is efficient .

Cloud Computing

The rapid development in technology has led to an
increase in device usage and the number of users. Thus,
data accumulation also increased. Users and companies
want to store this accumulated data, access it whenever
they want, and perform various analyses. However, the

increase in data to be stored has also increased storage
costs. Cloud computing is the general name for internet-
based computing services. It offers an infrastructure where
data can be accessed and shared via devices connected to
the internet, such as computers and tablets. In addition
to storing data, cloud computing also provides a platform
where data can be analysed with artificial intelligence and
machine learning #°.

Cloud computing services meet the need to store and
analyze data in many IoT systems. In smart animal
husbandry, data needs to be stored to monitor the welfare
of the animals. Additionally, the detection of unusual
situations can be made based on the analysis of historical
data. In IoT-based smart livestock systems, developers use
cloud computing to store data and/or detect abnormalities
with machine learning algorithms using stored historical
data 1],

Machine Learning

Machine learning is a subfield of artificial intelligence.
The model obtained from data trained with algorithms is
used to predict similar situations. The algorithm’s ability
to learn accurately depends on the good representation
and size of the data I,

There are two basic learning approaches in machine
learning: supervised and unsupervised. Supervised learning
enables a model to make specific inferences from input
data or create a mapping corresponding to a specific
output. For the algorithm to learn a specific input-output
relationship, it must be trained with a labelled dataset 7.
Classification and regression problems are within the
scope of supervised learning. Unsupervised learning
is used to discover natural groupings or relationships
between features in a data set, but data samples are not
given labels. Using the similarity measures, it determines
which group the unknown data may belong to based on its
proximity to other data points **. Clustering is a common
application area studied under unsupervised learning.
Deep learning is an algorithm that can learn from large
amounts of data using artificial neural networks that
model the way the human brain works. It contains at least
one multilayer artificial neural network and is capable of
obtaining more precise results than traditional machine
learning methods when a sufficient amount of data is
available .

In IoT-based smart livestock systems, the actuator is
responsible for alerting the farmer and/or veterinarians
or automatically taking some measures within the
system if a certain critical situation occurs. Nowadays,
it is quite common to use predefined threshold values to
determine the critical state. For example, they are sending
a notification to the farmer or turning on a fan if the
animal’s body temperature is above a certain threshold. In



Kafkas Univ Vet Fak Derg

415

OZGER, CIHAN, GOKCE

Table 1. Sensor technologies and their purposes of usage

Sensor

Function

Application

Temperature sensor

Determine the temperature of an animal or environment

Animal health tracking, environment temperature
monitoring

Humidity sensor

Determine the humidity level of an animal body or
environment

Animal health tracking, environment humidity
monitoring

Animal health tracking, estrus detection, swarm bee,

Microphone Use to collect sounds of animals .

flock poultry farming
Camera Use to monitor the environment and animals Animal activity, estrus, lameness detection

. . . Animal location tracking, activity detection, smart

GPS A satellite system used to determine the location on Earth . & ty

feeding

L . Motion, lameness, mastitis, estrus, feeding, rumination,

Accelerometer Use to detect and track activities of animals 8

position detection

Heart rate/pulsometer Use to measure how many times the heart beats per minute Heart rate
To determine respiratory rate an tern by monitorin,
Respiration o de : ¢ respiratory rate and pattern by monitoring Animal health tracking
breathing
Pedometer To count the steps taken by animals in a certain period Activity tracking, estrus/calving/lameness detection

Ruminal sensors

Use to monitor and evaluate certain parameters in the
digestive system of animals

Meal tracking, chewing, digestion, and nutrition
according to pH in the rumen system

Rumination sensor

Use to track chewing and digestion processes in the digestive
system

Animal health tracking, feeding

Saliva sensor

Use to measure specific components in saliva, especially
biochemical or biological parameters

Animal health, hormone, and nutrition monitoring

Gas sensor

Detect level of different gases (like CO,, NHs, CH; etc.) in the
environment

Monitoring the air quality in the environments where
animals live

Load sensor

Use to measure the weight of the animal

Animal health tracking, smart feeding

Luminance

Use to measure environmental light levels to adjust the light
level

Animal health and environment tracking

Posture sensor

Used to monitor and evaluate body position and physical
activities

Animal health tracking, Animal activity recognition

Use to detect a biological reaction by placing it inside the

Biosensors bodies of animals and measure the information obtained from | Feeding, estrus, disease
this reaction
RFID Use to identify and track animals using radio frequency Animal location tracking, animal identification

Ultrasonic sensor

Use ultrasonic sound waves to determine the location of an
animal, silo and calculate its distance from the location

Smart feeding, fish farming

some systems, predictions of machine learning algorithms
are used instead of threshold values #°.. These algorithms
are used to make real-time predictions about the condition
of animals or the environment with data from sensors
and cameras. In this way, when critical situations arise,
automatic solutions can be provided through actuators, or
notifications can be sent to authorised persons.

Communication Protocols

Connectivity is the basic need of an IoT system.
Devices within the IoT system must be connected with
a communication protocol to exchange data. Table 2
shows the advantages and disadvantages of various
communication protocols compared to each other.
Animal farms are generally established in areas far from
the city centre. This may cause an interruption to the

internet, which is one of the basic building blocks of IoT.
It is important to determine the correct communication
protocol for the healthy functioning of the system. The
correct protocol depends on the system’s requirements.
The area covered by the animal farm where the IoT
system will be installed determines how far the IoT
devices need to communicate. The power consumed for
data transmission is another decisive factor. Because it is
preferred that batteries are not changed frequently in the
field, another important factor is that the costs of different
protocols are different.

LoRa is generally preferred for data transmission over
longer distances. SigFox is widely used, like LoRa, because
it can provide low-power real-time monitoring on large
farms. ZigBee is preferred in shorter-range applications
such as indoor monitoring. Similarly, Wi-Fi and Bluetooth
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Table 2. Communication protocols and their technical specifications
Protocol Frequency Band Transmission Range Data Rate
Indoor: Up to 10 m,
Bluetooth 2.4 GHz Otz it L s 1-24 Mbps
Indoor: 20-70 m,
IEEE 802.11 2.4 GHz Outdoor: 100-250 m 11-54 Mbps
ZigBee 2.4 GHz 10-100 m Up to 250 Kbps
Wi-Fi 2.4-5 GHz 15-45m 54-450 Mbps
LoRa 470-928 MHz, country-specific Urban: 2-5 km, 0.3-50 Kbps

Rural: 5-15 km

IEEE 802.15.4

868/915/2400 MHz

10m

200-250 Kbps

850, 900, 1800, 1900 MHz, 3.3-3.8

GPRS/3G/4G/5G GHz Cellular area 7-300 Mbps
XBee 2.4 GHz/902-928 MHz /865-868 2 km 250 Kbps, 1 Mbps
MHz
MQTT - - Up to 256 Mbps
. Rural: 30-50 km,
SigFox 900 MHz Urban: 3-10 km 10-1000 bps
RF <1 GHz - -
RFID 125KHz-915 MHz 3m 400 Kbps

are also commonly used to monitor animals on a small
scale or in confined spaces. It provides a high sampling
rate and a high volume of data transmission. Another
advantage of Wi-Fi is that it is easy to implement ..

RESULTS

Smart Agriculture and animal husbandry is an approach
to animal husbandry that includes the use of modern
technologies instead of traditional methods. This
approach involves the use of innovative technologies
such as sensors, data analytics, artificial intelligence, and
internet connectivity. Smart livestock applications aim
to make livestock activities more efficient, sustainable,
and profitable. Thanks to these technologies, farmers can
remotely monitor their fields, animals, and environmental
conditions, increase productivity, and ensure more efficient
use of resources. Smart farming has significant potential for
the future of livestock farming and represents the digital
transformation of the livestock industry. The taxonomy of
smart animal husbandry applications is given in Fig. 3.

Today, smart agriculture is used to address many problems.
In this review study, IoT applications were examined
under the headings of precision livestock farming, health
monitoring, tracking animal location, smart feeding, estrus/
calving detection, lameness detection, animal activity
detection, fish farming, precision beekeeping, and poultry.

Precision Livestock Farming

Livestock farming is a type of animal husbandry carried
out for the production of foods that have an important
place in human nutrition, such as meat and milk. In
addition to animals raised for meat and milk, such as cows,
cattle, buffalo, sheep, and goats, animals such as chickens
and turkeys raised for meat and eggs are also included in
the scope of livestock. Suitable land is needed for animals
to shelter and continue their natural lives, and shelters
such as barns and coops are needed for feeding animals.
In addition to obtaining meat and eggs directly from
livestock, by-products such as butter, cream, and cheese
are also obtained. To increase the quantity and quality of
the product obtained, animals of good breeds should be
preferred, and animals should be fed with quality feed.
Although efforts are made to increase productivity with
the use of organic feed in traditional livestock farming, it
includes various difficulties because it is based on constant
monitoring and control !,

Precision livestock farming (PLF) is the continuous
monitoring of factors that will directly increase product
yields, such as the location, health status, nutrition,
and reproduction of animals, with the help of digital
systems. These systems, also called livestock monitoring
and control, are provided with technical devices such
as cameras, GPS, various sensors, and RFID placed on
livestock land and animals. Thus, information such as
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Fig 3. Taxonomy of applications in smart farming

the health status of the animals, their nutritional levels,
and their locations can be monitored regularly 2. Air
and climate control in these living spaces is provided by
sensors placed in livestock areas and/or indoor living
spaces of animals. Data collected by sensor networks can
be visualised and monitored through mobile or web-based
applications, and the responsible person can be informed
in critical situations **l. PLF systems include modules such
as livestock health monitoring, tracking their location,
and smart feeding ©*2.. Within the scope of the study, each
submodule was examined under a separate heading.

Health Monitoring

In traditional livestock farming, the officer checks the
health status of animals manually. If a disease occurring
in an animal is not diagnosed in time, it may lead to the
loss of the animal, or in the case of epidemics, it may
spread between animals and cause mass animal losses. In
health monitoring systems, the health status of animals is
monitored with various sensors. Data such as heartbeat,
body temperature, and blood pressure are collected
through sensors and saved at regular intervals in a cloud-
based storage unit via an internet protocol. Sensors are
integrated into wearable devices such as collars and
placed on the animal. The warning system ensures that
information is conveyed to the farmer or the responsible
veterinarian if any parameter in an animal deviates from
normal. Additionally, the farmer can monitor at any time
via a mobile or web interface. In this way, the problems
of mass animal deaths and decrease in crop yield caused
by diseases can be significantly reduced ®**. Table 3

shows studies using IoT technologies in animal health
monitoring.

Tracking Animal Location

To increase the productivity of animals, grazing animals
must move around the livestock land. Especially in large
feedlots, it is difficult for farmers to visually track the
location of animals or requires intense physical strength.
While grazing in open fields, an animal may not be able to
return due to a snake bite or illness, and farmers may also
encounter problems such as theft of animals. Technologies
such as GPS used to track the location of animals allow
determining where each animal is. Location tracking
systems include methods that estimate the distance from
the animal’s current location to the barn’s or farmer’s
location 7). Thus, the farmer can see how far the animal is
from the barn and set virtual boundaries for the animals.
If the animal’s distance to a key location, such as a barn,
is over a certain unit, a notification can be sent to the
farmer. This threshold unit can be defined relative to the
boundaries of the farm, or a distance determined by the
farmer. Geographically limiting animals will also prevent
problems that may arise from animals entering another
farm ). Studies on animal tracking systems are presented
in Table 4.

Smart Feeding

Proper nutrition of animals is one of the factors that
directly affect animal health and product productivity.
Smart feeding systems include features such as monitoring
the remaining food volumes in feedlots, monitoring feed
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Table 3. IoT applications in health monitoring
Comm Critical
Parameters Sensors MCU ) Situation Actuator Animal Ref.
Protocol ..
Decisive
Accelerometer, body ?I{IuCeE)(;())&\ll\li-Fi
Bod)f t.emperature, heart rate, temp.er'ature (MLX90614) Arduino UNO (HSP8266), Threshold | N/A Cow .
humidity humidity (DHT11), heart
ulse (KGO11) IEEE 802.11 &
P 802.15
Heart rate, rumination, body Temperature (DS18B20), Raspberry Pi3 IEEE 802.11 Alert with 136]
temperature, humidity Accelerometer for Wi-Fi standard Threshold GSM Cow
? rumination (ADXL335)
Accelerometer for
Rumination. bod rumination (ADXL335), Zigbee
- erature’ heaZt . body temperature PIC18F455, IEEE1451.1 Threshold | Alert Cow [37]
surrzun din )rate ? (TTC05102), heart XBee-PRO S2 standard
& rate (T56H), humidity
(DHT11)
fmfc::i}‘:’e esl%f)ltt)hzuvt:ieesigf There is a platform in the
pproaches to - & watering area to measure | Arduino UNO Wi-Fi Threshold | N/A Cattle (s8]
area, drinking time, and .
. the weight
duration
Temperature sensor,
. Fully
Temperature, acceleration, accelerometer, heartbeat connected | Web-based
heartbeat, gas, sound, saliva, | sensor, saliva sensor, gas N/A N/A L Cow (53]
. . neural monitoring
weight sensor, microphone, load network
sensor
Temperature, humidity, ?;)dzsrif; :ir(:;u}e)ger
heartbeat, rumination, > P X i Arduino UNO ESP8266 Wi-Fi | Threshold | N/A N/A il
respiration rate 11 humidity sensor,
P heartbeat, and rumination
Rumination sound, Rumination, temperature, | Raspberry — Artificial Alert to
. . Wi-Fi neural Cattle 1l
temperature, 3D movement | motion sensors Pi3 farmer
network
Humidity, barometric
levels, gyroscope, noise, Boosted
GPS coordinates, heart rate, | Video and thermal camera | N/A LO.R a‘and g decision Al N/A el
. . . Wi-Fi farmer
duration of activity, lying tree
down
Temperature and humidity Light-
. (DHT22), heart rate gradient-
ﬁ:ig:zpe:zzgz humidity, | soN1205), gyro (GY-521 | N/A HTTP boosting Xgif;s;d Cattle w1
P MPU-6050), Respiratory decision tree &
rate regression
Temperature-humidity
TR, L, 155215;2155? 32;1751)); MCU ZigBee Threshold :v?:tierer/fan Cow 21
humidity, light \ (MSP430F1611) | “'® prayeryian,
(brightness sensor): lighting
GL5547
Temperature (LM 35),
Animal movements, heart rates (infrared- IR | MCU . o
temperature, heartbeat sensor), postiire (ADXL (16F877A) Zigbss Ulesaml |8 N/A
325)
Temperature (LM35), Zigbee. IEEE
I?:lau?z;atu;fs)eherirstbiizzon heart rate, pulse rate, MCU 802.15.4 Threshold Xzzizlrsi;d Pets 3]
- puise, resp respiratory, GPS standard &
Temperature and
humidity (AM2321),
Environment temperature, illuminance (GY-2561), LoRa low
humidity, light, CO, and CO; concentration Raspberry Pi 3B, ower wide
NH; concentration Animal | (DFRobot SEN0219), NH, | ATMega2560, MO P Threshold | N/A N/A (4]
. . . ) area network
acceleration, rotation, body | concentration (Winsen RFM95
. . (LPWAN)
temperature, location MQ137), acceleration
(MPU-6050), GNSS, body
temperature (DS18B20)
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Table 3. IoT applications in health monitoring (Continued)

Comm Critical
Parameters Sensors MCU Pro tOC(.)l Situation Actuator Animal Ref.
Decisive
Air thermometer and
Environment temperature, | humidity (SHT20),
humidity gas concentrations. | hygrometer, gas (CH4, .
animal temperature, heart H,S, NH;, CH20/H- i;é%)%ro)g’l’ Zigbee, Wi-Fi | Threshold :/nv(i];f:rsiid N/A [47)
rate, respiration rate, GPS, CHO), body temperature, 8
movement, activity pulsometer, respiratory,
accelerometer, gyroscope
Infrared body
Heart rate, body temperature, 3-axis
[Eper e e o et acceler.ometer, _ LPC 1313 MCU | LoRa Threshold | Mobil based | Cow (48]
temperature, rumination, 11 environmental
humidity temperature and humidity
sensor
Temperature, heart rate, Temperature, load cell, GPRS, . Mobile- (9]
weight, humidity humidity sensors MCU Wi-Fi Naive Bayes based alert N/A
Rumen pH and temperature | pH (TRY414.92) and Arduino UNO R3 | Serial Wi-Fi Fuzzv Logic Web based Cattle (0]
change temperature (DS18B20) circuit Y08 monitoring
Temperature (LM35), X
Bqdy Ky S el heartbeat, piezoelectric AT89C51 MCU ES.P 8?66 Threshold BT Cattle (1]
animal falling sensors Wi-Fi based alert
GPS (Pal010D), heart
Position, movement, heart rate (Maxin MAX30102), S0
- ’ > accelerometer and MO0 RFM95 MCU | ESP8266, Threshold | E-mail alert | Horse 521
gyroscope (Adafruit 12C
LSM6DSOX)
Heart rate, body n n
Heart rate, body . temperature, inertial N/A LESAE S T, Threshold | N/A Cow 1531
temperature, acceleration . 12C
measurement unit
Temperature, location, . Temperature (DHT11),
heart rate, water level, air stethoscope (CR-747SS)
grlll\?ilﬁ)yr)lri?;tcﬁggfi?jtirtauon, ultrasonic (HC-SR4), air | NodeMCU 531}_)21266 Threshold élseﬁ it Cow (4]
temperature, light vir)t”ual IO ) S TEES
p HBh GPS (NEO-6M)
board
Turn on/
RFID, temperature and off fans,
Environmental temperature, | humidity (DHT11), open food,
humidity, CO,, animal CO; (MQ-135), body Arduino LoRa Threshold | turn on/off | Cow 1551
temperature, pulse temperature and pulse massage,
sensors open/close
Windows
Zimi irzzuz’a}:ﬁgtléjz’ SPO,, temperature, Alert with
V8 p o humidity, respiratory, and | Arduino UNO Zigbee Threshold | SMS, mobile | Cow (sl
respiratory range, position of
- heart rate sensors app
the animal
Table 4. Studies about animal location tracking
GSM | GPS | GPRS | WSN | RFID MCU I,Cr‘(’)'t‘(’)'c’:ﬂ Sensors Actuator Animal Ref.
\ \ \ Arduino XBee (58]
\/ V Ultrasonic Virtual board (591
sensor
V V Raspberry Pi3 LoRa Cattle (60l
\ MCU nI;I:x\gr\k Cow (611
Arduino-
; Motion sensor Grazing 2
i Conl\}lpcagble Loka (MPU-9250) animals
\/ LPI\E Cléls LoRa Virtual board Cow (48]
\/ \/ ~ Cow [63]
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Table 5. IoT applications in smart feeding
Parameters Actuators Sensors/Hardware | Comm. Protocol | MCU Animal Ref.
Animal’s feeding time, amount of Ultrasonic sensor.
feed in the silo, amount of feed ASONIC SENSOL, ) vy by Arduino WeMos
. N/A load cell, servo Cow el
in the warehouse, presence of S D1R2
cattle near the feed o
Accelerometer
Activity, amount of feeding from (LIS3DH), GPS RE, Arduino
the feeder and in the pasture, N/A (Neo-6 m GPS GPRS, Beef cattle ()
height of hay bales sensor), ultrasonic | Wi-Fi
Sensors

Calculate the amount of
Dog breed, size, and weight SUIRHE OIS | pe o ESP8266 Wi-Fi | ATMEGA328 MCU | Dog fos

according to its breed,

size, and weight.

Automatic feeding in the Jeifathiry UINO) 1957
N/A . & N/A ESP8266 Wi-Fi 12F, ROHM IOT Kit | Aquarium fish ]

aquarium

control boards

Weight of bait bowl N/A Weight sensor LoRa Arduino UNO Stray animals 70]
N/A Automatic feeding N/A Wi-Fi N/A Aquarium fish 71

stocks, monitoring temperature and humidity values in the
feed that will reduce the quality of the feed, and protecting
the feed in silos and warehouses from animals such as
insects and rodents /. Animals are fed with ready-made
feed in shelter areas and by grazing in open fields. Which
feeding method and for how long the animals are fed is
important in terms of monitoring the amount of food
they receive. In this way, animal grazing areas can also be
arranged . Monitoring nutritional status with sensors
helps maximize individual growth rates by ensuring that
each animal receives the right quantity and quality of feed
at the right time °. Studies on smart nutrition systems are
summarized in Table 5.

Estrus/Calving Detection

In livestock farming, calving is important to increase or at
least protect the number of animals on the farm. In dairy
cows, the milk production efficiency of the animals depends
on the calving intervals and calving between 12-14 months
has a significant effect on lifelong milk production 2. For
this reason, the estrus periods of animals are monitored
on farms. If the period cannot be detected, a 21-day non-
pregnancy period occurs for the cows, and the fertilization
period is disrupted. This situation causes a decrease in milk
yield along with the cost of additional feed and artificial
insemination for the cows .

Symptoms of animals’ estrus periods include behavioral and
hormonal changes. Behavioral symptoms usually manifest

as irritability and restlessness. Animals may become
anxious, avoid people, eat less, and make various sounds.
Additionally, their number of steps may increase, and they
may exhibit behaviors such as walking around other cows
and sniffing. Hormonally, the animals body temperature
decreases before estrus and increases with the beginning of
the period 74,

The estrus period for livestock lasts approximately 18
hours. Ovulation occurs within 8-11 h after the start of the
period ). In traditional animal husbandry, this process
is monitored by an observer. However, especially in large
farms, situations such as the lack of a sufficient number of
observers, the experience of the observer, the frequency
of observation, falling at night or at a time when no one
is on the farm may cause the estrus period not to be
determined ¢, With the developments in smart animal
husbandry, monitoring, and detection of estrus periods
can be carried out automatically. While hormonal changes
can be monitored through biosensors placed on the
animals’ bodies, changes in body temperature due to the
estrus period and their movements can be monitored with
accelerometers or cameras, thanks to wearable sensors.
The data obtained is analyzed on IoT platforms and a
notification is sent to the farmer or the responsible person
via GSM or mobile application when the animal enters
the estrus period. In this way, farmers are relieved of the
obligation to make constant observations, and the risks
associated with missing the period are also prevented.
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Table 6. IoT applications in estrus/calving detection
Sensor/ Parameters MCU Comm. Protocol Animal | Actuator Crlt.l c‘al Situation Ref.
Hardware Decisive
Bluetooth (HCO05),
Accelerometer X, ¥, z coordination Arduino UNO | Wi-Fi (HSP8266), Cow leb;t);siid N/A 133
TEEE 802.11 & 802.15 c
Heat stress, body Arduino Bluetooth, -
Infrared thermometer temperature atmega 328p Wi-Fi (ESP8266) Cow it LS
Accelerometer Web and iﬁiﬁfxﬁiﬁln
; _ > 179]
(MMA7260) Acceleration MSP430 MCU | N/A Cow :rrll:)e;ritt (loreix:led random forest,
J and CNN
IP camera (DH- . Arduino UNO Aeer ] 180]
SD22404T-GN) Images and videos R3 Wi-Fi Cow Alert with GSM | Faster R-CNN
Plgestlble Biosensor | Internal body N/A N/A Cow AlerF with N/A (81]
(in rumen) temperature mobile app
Accelerometer ESP8266 Node
5 (82
(ADXL345) Acceleration MCU N/A Cow N/A N/A
Infrared thermometer
(MLX90614ESE- Step count, skin Wemos d1 mini | Wi-Fi 802.11 b/g/n Cow N/A N/A (8]
BAA), accelerometer | temperature (ESP8266EX) standards
(MMAB8451)
Accelerometer
. Mobile and
(LIS3DH), GPS (Neo- | Location, movement, Arduino RE GPRS, Wi-Fi Beef web-based N/A 1671
6 m GPS sensor), temperature cattle L
. monitoring
vaginal thermometer
Pedometer (afitag), Step count, calving
activity meter date, lactation number, Infrared connection, (84
(Heatime-RuminAct | dairy production, LS radio frequency Cow Alert LS
and HeatPhone) progesterone in milk
Step activity for
Pedometer estrus, lying time, and. |\ MQTT N/A | Alertwithsms | Kandom Forest 5
pregnancy stage for K-NN
calving
Inertial measurement
The number of
unit (IC-20948), o nRF52840- 7]
GNSS, thermometer Ir?rilstlr?gztzits\;en dongle MCU LoRa Cow N/A N/A
(DS18B20) viig &

Similarly, detecting the moment of birth of animals helps
prevent the loss of dam and offspring by intervening early
in various problems that may arise during birth. Therefore,
in smart animal husbandry, the calving periods of animals
are monitored by monitoring the animals’ movements,
behavioral changes, and body and hormone parameters.
When the calving season comes, changes occur in the
behavior of the animals. While there is a decrease in
behaviors related to feeding and rumination, an increase
can be observed in lying down. Behavior patterns and
durations in animals can be monitored with sensors such
as accelerometers and pedometers 7. In Table 6, details
of studies on IoT applications for estrus/calving detection
are presented.

Lameness Detection

Lamenessis one of the most common problems on livestock
farms, after infertility and mastitis. Lameness, which
reduces the fertility level and efficiency of milk production,
especially for dairy cows, negatively affects the feeding
and rumination processes of the animals *¢l. Locomotor
deficits and hoof and limb lesions are the main causes of
lameness. In animals, behavioral changes such as slow
movement, tendency to lie down, and lowering the head
while walking determine this condition ¥!. In traditional
animal husbandry, these behavioural changes are detected
observationally. However, this detection method can
be subjective, time-consuming, and costly. Therefore,
with the developments in smart animal husbandry, the
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Table 7. IoT applications in lameness detection
Parameters Sensors Comm. Protocol MCU Animal Crlt.l c'al Situation Ref.
Decisive

ARM

Physical activity Accelerometer Bluetooth Cortex-M0 | Cattle One class SVM (88]
MCU

bt i steps., b’lng e, £ Message Queue Telemetry SVN, RE K-NN, Decision

number of transitions between Pedometer N/A Cow (4]

Transport (MQTT) tree
them (swap)

use of IoT systems for lameness detection is preferred.
IoT systems both reduce observer costs and provide early
diagnosis in detecting lameness. Early diagnosed lameness
allows intervention to be made early, allowing savings
in expenses such as antibiotics and veterinarians .
Generally, approaches to lameness detection are categorized
into three groups according to the variables measured:
kinetic, kinematic, and indirect measurement. In kinetic
approaches, the forces involved in movement are
evaluated; for example, the weight distribution and hoof
strength of animals are examined during standing and
walking. Kinematic approaches, on the other hand, focus
on specific posture changes; They take into account
variables such as the size, length, height, and back curves
of the animals’ steps. Indirect measurement examines
behavioural changes; Values such as the animal’s lying and
standing time and milk yield are measured with the data
obtained from the sensors integrated into the animals.
Due to variations in measurement methods, even animals
of the same species can exhibit different symptoms 71,

Studies about lameness are more limited than other fields,
and the lameness detection studies discussed in this
review are presented in Table 7.

Animal Activity Detection

Animals express their interactions with their environment
through their behaviour. In situations such as illness,
they go beyond their normal behavioural routines. So,
behavioural changes can be a sign of the animal’s health
status. For example, if there is lameness, the animals
tendency to lie down increases, and during estrus periods, its
steps increase. Feeding and rumination periods of animals
are also among the values monitored in determining
their health status. For a healthy animal, feeding and
rumination periods are generally specific. Changes in
these periods and durations may be a sign that there is
something unusual in the animal. Therefore, monitoring
the behaviour of animals is an important parameter in
terms of their health status. Smart farming applications
also include monitoring animal activities to monitor the

Table 8. IoT applications in activity/behavior monitoring

Comm Critical
Detected Activities Sensors Parameters MCU ) Animal | Situation Ref.
Protocol i
Decisive
Standing, lying, standing | Temperature sensor, Temperature,
and ruminating, lyin GPS (Neo-6M), 3-axis acceleration on the x LA, S XGBoost.

B : : MCU, Ardunio | GSM (SIM 800) | Cattle : 0
and ruminating, walking, |accelerometer (MPU y, and z axes, latitude, UNO Random Forest
walking and grazing 6050) longitude, and speed

Step count, lying time,
standing time, lying
bouts, number of Random Forest
: . . ) 8 1851
Standing, lying, walking Pedometer s e s N/A MQTT N/A K.NN
down to standing up
per hour
Grazing/eating, Inertial measurement nRF52840
S - (771
ruml.natmg, ne{utral, ' unit (IC-20948) N/A dongle MCU LoRa Cow Threshold
walking, standing, lying
Walking, feeding, lying, 3-axis accelerometer, Atmega328 1]
e ittty GPS MCU LoRa Cow Random forest
Standing, lying, normal
walking, active walking, 3-axis accelerometer Acceleration on the x | MSP430 921
standing up, and lying (ADXL345) y and z axes MCU RE Cow Adaboost
down
Accelerometer, air
Lying, standing Ruuvitag sensor temperature pressure, | Raspberry Pi Bluetooth N/A N/A Ll
and humidity




Kafkas Univ Vet Fak Derg

423

OZGER, CIHAN, GOKCE

animals” health status. The behaviour pattern monitored
is determined depending on the application, but generally,
the behaviours monitored are general behaviours such
as walking, standing, lying down, and rumination. Sensors
commonly used to detect behaviours exhibited by the animal
include GPS, accelerometer, and step counter. In some
studies, the activity of the animal is determined by classifying
animal images collected with cameras. Additionally, by
taking sound data from animals through microphones,
behaviours such as grazingand rumination can be detected.
It is also used for situations such as determined activities
of animals, estrus, birth, and lameness detection 2%,
Studies conducted in this field are given in Table 8.

Fish Farming

Depending on changing climatic conditions, ecological
balances in nature also change. These changes bring
about a decrease in water levels and an increase in water
pollution. The demand for fish in the world’s increasing
population cannot be met by natural breeding methods **I.
For this reason, fish farming in farms is becoming
increasingly common.

Water quality is a factor that directly affects the health
and survival of fish. Dissolved gases in water, such as
carbon dioxide, ammonia, and oxygen, affect water
quality. Increasing the concentration of dissolved carbon
dioxide can cause oxygen levels to drop, which can lead to
fish suffocation. The increase in ammonia concentration
causes fish poisoning. The higher the dissolved oxygen
concentration in the water, the better the water quality.
The amount of oxygen dissolved in water also depends
on the salt level and temperature of the water. The
recommended optimal water temperature for fish is 25-
27 degrees, which may vary depending on the type of
fish grown % High or low pH is dangerous as it will
cause fish to become sick, poisoned, or unable to grow.
The recommended appropriate pH value is between 6.5-
8.5. Certain water levels must be maintained for fish to
survive. High volumes of precipitation and flooding cause
ponds to overflow, which can cause fish to flush out. The
increase in air temperatures will reduce the water level due
to excessive evaporation ¢,

Nowadays, fish farms can be monitored remotely thanks

Table 9. IoT applications in fish farming
Parameters Sensors/Hardware Actuators Comm. Protocol MCU Ref.
I e Infrared distance (GP2Y0A02YK),
. ’ pH (SEN0169), dissolved oxygen g MSP430G2553 (95]
depth, @ssolved oxygen (SEN0237-A), pressure (BME280) N/A Wi-Fi ESP8266 MCU
value, air pressure
Sensors
Temperature, pH, Arduino UNO,
electrical conductivity, Temperature, pH, electrical Food feeder, pump, heater, ESP8266 ESP
dissolved oxygen, total conductivity, oxygen, dissolved solids | fan, light, UV, RO (reverse Wi-Fi ESP8266 12F, ROHM [69)
dissolved solids, water water level sensors 0SMmosis) ToT Kit control
level boards
pH value, salinity, and pH, salinity and temperature sensors, ey e | N Arduino, . B
temperature of water servo motor Raspberry Pi
Temperature, water level, | Temperature, oxygen, pH sensors Water pump, ‘ﬁsh.feeder, Wi-Fi, Zigbee N/A B
oxygen, pH pond heater lighting led
Temperature, pH value, Temperature, pH, dissolved oxygen Arduino Mega
dissolved oxygen, water p P V8 Alert to farmer LoRa & (o]
. sensors 2560 MCU
level, and life expectancy
Water temperature, water ;Ilir;i?:at(ué; él-)lilsz’I‘]iZS(()))Z))hi?atter level Heater, Buzzer, RGB Led, Http, wivity module Arduino Mega (98]
level, light ¥ ’ LCD Display, Led light P ¥ 2560
sensors
pH, dissolved oxygen and
ammonia levels, water pH, €O, N snd temperature Alert via mobile phone ESP-12E Wi-Fi Node MCU £
(DS18B20) sensors
temperature
pH, water temperature, pH, temperature (LM35), water level 6 et i Wi-Fi ARM LPC 2148 -
water level sensors, DC motor MCU
Water temperature, Temperature (DS18B20), electrical
electrical conductivity, conductivity (TDS), water level, pH Water supply and drainage
level, pH value, body (E-201-C), water body turbidity (Eater | pumps, aerators, feeders, LoRa, GPRS N/A [l
turbidity and dissolved WT-RCOT), and oxygen (YHT-8402) | water filtration purifiers
oxygen sensors
Water temperature, .
turbidity, pH, water level, D i e N/A ESP 8266 Wi-Fi Ardunio (o]
co water level, CO, sensors
2
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to IoT systems. In this way, environmental factors are
monitored in closed fish farming areas and productivity
is increased by keeping the parameters of these factors at
optimal levels. With this method, profits are maximized
by reducing costs and increasing product quantity. Thanks
to sensors that measure values such as temperature, pH,
and dissolved oxygen integrated into water tanks, growers
can instantly monitor the water values via mobile or
web-based applications. In addition, various actuators
are activated according to the data coming from the
sensors, and automatic intervention can be made when
water parameters such as temperature and gas go beyond
safe limits. Table 9 presents studies on IoT technologies
developed/used for fish farming.

Smart Beekeeping

Bees are vital to environmental well-being and provide
pollination, which is essential in agriculture. Bee
pollination provides far-reaching benefits to food
processing, raw materials, pharmaceuticals, plants, social
and cultural values, and the maintenance of biodiversity
and environmental protection [ Although all bee
species contribute to pollination, honeybees are the
primary pollinators of almonds, citrus fruits, blueberries,
and cucurbits. Therefore, any changes in bee colony
behavior and health, as well as declines in population sizes,
can have dramatic impacts on the food industry. For this
purpose, constant monitoring of bee health and colony
strength is carried out by beekeepers. Limitations of
manual observation include the difficulty for beekeepers

to regularly monitor bee colonies and assess their health
status. For this reason, there is an increasing trend
towards new technologies that automate and extend hive
monitoring technologies.

Humidity and temperature levels in the hive are important
for the queen’s egg production, larvae rearing, and
food preservation. In smart beekeeping systems, hive
values can be monitored and controlled remotely with
temperature and humidity sensors '**!%. Colony weight is
one of the oldest monitored hive indicators of hive health,
colony workforce, and hive food stores. Weight scales are
more expensive than sensors and require more complex
setups 'l For a professional beekeeper managing
hundreds or thousands of hives, adding a weight scale to
each hive would be a huge expense. Therefore, recently
beehive weight scales, which can automatically
send periodic data to data storage using IoT and SMS
technology, have gained popularity for continuous
monitoring 7% Pests and diseases always pose
a threat to beehives. This can cause the rapid collapse
of entire hives, a phenomenon called Colony Collapse
Disorder (CCD) [l To mitigate the potential effects of
these devastating pest and disease outbreaks, disease
and pest control can be carried out in beehives with
IoT systems. Image sensor-based approaches "' and
gas sensor-based approaches " involving thermal
imaging are used in honey bee hives. Audio and imaging
techniques called hive health monitors are also used to
monitor beehives. Studies discussing hive health in terms

Table 10. IoT applications in beekeeping
Parameters Sensors/Hardware Duty Comm. MCU Crlt.l c.al Situation Actuator Ref.
Protocol Decisive
Bee sound Audio receiver Swarfr} ActVIty | N/ N/A Deep neural N/A ey
classification network
Remotel Web-based
Temperature, Temperature (DHT m n;)t riyn d ATmeca32ud monitoring, LED
humidity, pressure, |11), LDR light, weight onitoring an LoRaWAN 8 N/A diode for status (108]
. . controlling the MCU e T .
beehive weight Sensors, servo motor 5 signaling, SG90 Micro
status of hives
Servo actuator
A prediction and
Temperature, early warning
& e T Temporal .
bumlqlty’ light . N/A system f.or the. UDP socket | Raspberry Pi 3 | convolutional Mob?le tfased (Y
intensity, and rain population daily monitoring
network
level loss rate of bee
colonies
Temperature and TCP/IP,
Temperature and | humidity (DHT22), | Colony health ESP8266, DOIDIBLACIC: API,.Web-based, e
S L .. | Arduino N/A mobile based (s)
humidity sound (MAX4466 monitoring local Wi-Fi
. ATmega2560
amplified) sensor network
Warning and
Video. temperature Video, audio, monitoring
humi(,iit V\Pl)ei - > | temperature and system to prevent | FTP, MQTT Raspberry Pi 4 | N/A Web-based g
and au di’) G humidity AM2302, significant losses | SSH pberry monitoring and alert
weight sensors in the population
of hives.
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of hive characteristics generally include brood size and/
or dynamics, forager workforce size and/or dynamics,
hive internal environment, hive audio, hive resources, and
pathogen infestation. IoT studies conducted in the field of
beekeeping are summarized in Table 10.

Smart Poultry

People consume poultry extensively. Chicken meat is
the most preferred among poultry. As the demand for
chicken meat increases globally, so do poultry quality
concerns. Modern technological advances are helping
the poultry industry in monitoring chicken health "7
These advances include detecting the disease and health
of chickens using video surveillance, audio observations,
and IoT-based wearable sensor devices. These devices are
placed on chickens and/or in coops and used for further
analysis.

The use of modern advances provides the opportunity
to monitor and early detect chicken diseases in poultry
farms. These chicken monitoring techniques may include
vocal analysis %, which can automatically monitor
the chicken’s behaviour without direct interaction with
the chicken’s body. Wearable sensing devices "' help
determine the location of chickens and automatically
identify and track their real-time movement with

radio frequency identification devices. Surveillance of
chicken farms through image processing ?" is another
technological advance to identify activity behaviours and
detect disease early. Diseases such as the H5N1 bird flu
virus in poultry cause the death of animals but also affect
human health. However, since chickens are housed in very
close proximity to each other in coops, a viral disease can
spread very quickly. Monitoring the body temperatures
of animals is effective in taking early precautions in case
of an epidemic !l The main goal of chicken breeders is
to ensure maximum growth by maintaining the optimal
weight of the animal. Chickens should gain weight
quickly, but since this also restricts egg laying, it must be
kept in balance. Therefore, the amount of food consumed
by chickens can be determined according to their weight.

The environmental conditions of the poultry environment
have a direct impact on productivity. These environmental
inputs can be temperature, humidity, and concentration
of various gases such as carbon dioxide and ammonia.
Environmental parameters such as temperature (house
temperature should be 20-26°C), humidity (should be
approximately 50-70%), ammonia gas (should be below 10
ppm), and light are environmental conditions that directly
affect chicken welfare. When concentrations of ammonia
and carbon dioxide gas in the air increase, it can cause

Table 11. IoT applications in poultry
Parameters Sensors/Hardware Duty MCU Comm. Actuator C"t,l c'a il Ref.
Protocol Decisive
Temperature, Temperature and humidity | Monitoring
humidity, ammonia | (DHT22) environmental Wemos Mini ESPS26. Wi-Fi Mobile based Least Squares o
concentration, light, | Electrochemical (MQ-137) | conditions for poultry | D1 MCU > monitoring Method (MMQ)
luminosity LDR sensors houses
Monitoring
Teml?e}'ature, Temperature, humidity, enwrf)flmental i sy Sim900 GSM, | Mobile alerts, N/A 1271
humidity, gas gas (CO;, O,, NH;) sensors | conditions for poultry WSN dashboard
houses
Decision Tree,
Radio Logistic
Pecking, Preening, | RFID microchips and Disease monitoring | RFID Frequenc Web-based Regression, KNN, | o
Dustbathing accelerometers for chickens microchips quenc, monitoring Gaussian Naive
CSMA
Bayes, RE SVM,
TabNet
Temperature. Temperature xo?rlct)?lz?eital LT i Web-based
pe! ’ and humidity (DHT11), Viror Raspberry Pi | Circuit (I,C), . N/A ()
humidity, gas conditions for poultry fop 2 monitoring
gas (MQ135) sensors h Wi-Fi
ouses
Tem}.)e'ratu.re, Temperature, humidity, Monitoring Alert,
panl=he light, CO,, NH , and environmental ventilate, light
CO,, ammonia gan Sy Ny e N/A Zigbee, GPRS Sl N7 1130
2 hydrogen sulfide conditions for poultry temperature,
and hydrogen . g
> concentration sensors houses humidity,
concentrations
CO, NH, e vironmental UTC 443751
concentration, § o .. N/A wireless N/A N/A (e
i e temperature, and humidity | conditions for poultry module
P (DHT22) sensors houses




426
loT Technology and Applications in Animals

Kafkas Univ Vet Fak Derg

vision difficulties in animals, affect the respiratory system,
and eventually cause death 2. Especially during breeding
periods, the temperature in the chicken coop is desired to
remain within the recommended range ). Because hot
or cold can cause stress in animals. Low relative humidity
increases the rate of heat dissipation through evaporation
and negatively affects the performance of animals '],
Animals are sensitive to light. Exposure to more or less
daylight than recommended affects nutritional intake and
sexual maturity in chickens . To monitor and improve
environmental conditions, developed IoT-based systems
are given in Table 11.

Di1sCcuUsSION

In general, livestock management systems consist of three
distinct processes: sensing and monitoring, analysis and
decision-making, and intervention. PLF systems facilitate
the management of these processes by reducing the need for
manual observation and human-based decision-making.
In traditional animal husbandry, all of these processes rely
on human labour. However, in IoT-based systems, sensors,
cameras, microphones, and other hardware are utilised for
sensing and monitoring, machine learning algorithms are
employed for analysis and decision-making, and automatic
actuators are activated for intervention. This significantly
reduces the time and labour costs required to manage a
large number of livestock. Furthermore, these systems,
when established with correct parameters, hardware,
and algorithms, can prevent losses resulting from human
negligence or error. Consequently, producers are enabled
to manage more animals with fewer maintenance costs.

IoT applications in animal husbandry are becoming
increasingly popular. This technology offers farmers a
range of advantages. Firstly, IoT provides real-time data by
monitoring the behaviour, health status, and environmental
conditions of animals, thereby offering valuable insights
for farmers to make more efficient and effective decisions.
For instance, receiving early warnings about the health
status of animals enables early diagnosis and treatment
of diseases, thus reducing animal losses and veterinary
expenses. Secondly, IoT enables more efficient use of
resources. Resources such as feed and water consumption
become traceable and manageable, leading to savings
for farmers and enhancing environmental sustainability.
Additionally, IoT automates and facilitates business
processes. Providing remote access and automatic control
increases labour productivity and enables farmers to
manage their time more effectively. Moreover, IoT aids in
predicting future trends through the analysis of collected
data, providing farmers with a valuable tool for making
strategic decisions. Therefore, IoT applications play a
significant role in the livestock sector and are expected to
become even more widespread in the future.

Due to the numerous benefits of IoT technology in animal
husbandry, applications are being developed in various
areas, and there has been an increase in academic research
in this field in recent years. Although there are some
studies on IoT in PLF systems in the literature, their scope
is more limited. They focus on examining equipment that
may be needed within an IoT system, such as a single
animal species like chickens or fish 23133135131 3 few
application areas like animal health monitoring [321%),
or technologies used in the scope of IoT 7). However,
in this compilation, a much more comprehensive review
of IoT application areas in animal husbandry has been
conducted without being limited to specific animal species.
Additionally, information regarding the technologies
needed in the development phase of an IoT-based smart
livestock system has been provided.

Studies generally focus on monitoring the health of animals
based on values such as body temperature and heart rate.
However, it is observed that sensors like GPS, pedometers,
and accelerometers are widely used in various application
areas. In most studies, suitable threshold values for
parameters have been defined, and warning systems have
been developed based on data from sensors. Deviation
from the specified threshold values in sensor data can pose
a problem. It is expected that the use of machine learning
algorithms that can predict based on past data and provide
warnings before critical situations occur will become more
widespread in the near future. Additionally, as observed
from the reviewed studies, the scope of actuators, an
important component of an IoT system, is generally
limited to providing notifications. With the increasing
use of IoT systems, the proliferation of automatic systems
capable of problem-solving or providing pre-solutions
without human intervention is also expected.

When examining IoT applications in animal husbandry
and the compilation of articles in this field, it is noted
that most studies will be conducted in the near future.
This indicates that IoT technology is rapidly advancing
in the livestock sector and that research and applications
in this area are increasing. These recently conducted
studies highlight the potential and importance of IoT
technology in animal husbandry. However, the limitations
of research in this field and future studies that need to be
conducted should also be considered. Specifically, further
research and assessment are required regarding the cost-
effectiveness, reliability, and efficacy of IoT applications
in animal husbandry. Furthermore, the broad-ranging
effects of IoT technology on the livestock sector and its
potential contributions to sustainability are worth further
investigation. In this context, it is expected that future
studies will focus on further enhancing the applications
of IoT technology in animal husbandry and increasing
efficiency in the sector.
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With the concepts of the IoT, traditional animal husbandry
has begun to be replaced by smart farming. This change
helps solve problems such as labour costs commonly
encountered in traditional agriculture. For smart
farming systems to operate efficiently, there are trends
such as data collection and analysis, health monitoring
and management, and the control of environmental
units. Data are collected through wearable devices and
sensors in the environment. This data is stored in cloud
environments or local storage areas and processed using
extensive data analysis methods or artificial intelligence.
In this way, the health of the animals, their location and
nutrition, and the welfare of their living environment can
be monitored. Additionally, IoT sensors can optimise
waste management.

While smart livestock systems offer many benefits, they
also bring various challenges. The most important of
these are data privacy and security. Since sensor data is
transmitted over wireless systems like Bluetooth and
radio frequency, it is more vulnerable to cyber-attacks.
Additionally, various measures and monitoring must be
implemented to ensure the privacy of the stored data.
IoT systems particularly require financial investment
during the initial setup phase due to the need for sensors,
wearable devices, software, and data communication.
After the setup, the maintenance and updates of these
systems necessitate continuous investment. The typical
establishment of livestock farms in rural areas, away
from city centres, can lead to connectivity issues and
technological infrastructure problems. To maximise the
benefits of smart farming systems, farmers must adapt to
the relevant technologies. Overcoming these challenges
and ensuring continuous development is crucial for
deriving maximum benefit from these technologies.

CONCLUSION

PLF systems, powered by IoT technology, offer significant
benefits in optimising livestock management. By
automating sensing, monitoring, analysis, and decision-
making processes, PLF systems reduce reliance on manual
labour, thus enhancing operational efficiency and reducing
costs. IoT applications enable real-time monitoring of
animal health, behaviour, and environmental conditions,
empowering farmers with valuable insights for informed
decision-making. Furthermore, IoT facilitates resource
optimisation, business process automation, and future
trend prediction, leading to improved productivity and
sustainability in the livestock sector.

Although IoT technology in animals is rapidly advancing,
further research and development are necessary to explore
broader IoT integration and enhance cost-effectiveness
and sustainability in managing livestock. Future studies
should focus on addressing the reliability and efficacy

of ToT applications and their potential contributions to
sustainability. Additionally, advancements in machine
learning algorithms and proactive problem-solving
automatic actuators hold promise for further enhancing
the efficiency of IoT-based livestock management systems.

Overall, the comprehensive review of IoT applications
highlights its transformative potential in livestock farming.
With ongoing advancements and interdisciplinary
collaboration, IoT-enabled PLF systems are poised to drive
sustainable improvements in productivity, animal welfare,
and resource utilisation within the animal industry.
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