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This work presents a systematic review of the latest studies on the promotion of smart
poultry based on modern and smart technologies in line with the development of the
agricultural sector, such as artificial intelligence, and the Internet of Things that are used
to cover issues in poultry. Then, the classification was created to group the articles
according to their motivations, goals, and challenges. The search was performed in three
major databases: IEEE Xplore, Science Direct, and Scopus. A total of 995 research papers
were collected from 2016 to 2022. The retrieved articles were filtered and 52 articles
were selected and categorized into three categories. System monitoring falls under the
first category (n=39/52; 75%) and may be used to monitor the environment to maintain
ideal environmental conditions, monitor chickens to find illnesses and determine chicken
mortality, or monitor chicken weight. Monitoring based on the dataset, which keeps data
in the cloud and analyzes it to detect illnesses and take necessary action, is included in
the second category (n=2/52; 3.85%). Other is the third group (n=11/52; 21.15%). On
the other hand, it must take some limitations in such applications more seriously, for
example: the establishment of a system adapting to the appropriate conditions of the
chicken according to the age of the chicken and attention to factors that reduce thermal
stress that increase productivity. Our study attempts to provide a comprehensive
overview of intelligent poultry in the literature. We hope that other researchers will use
this study as a starting point to expand the research further based on the challenges we
have discussed.

Mocehab L. Shuwandy,

Harith A. Hussein

ABSTRACT
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produce eggs and meat for use and sale[2].
Chickens are grown in a controlled

1. Introduction
People have been more aware of the

nutritional advantages of chicken meat in
recent years, and it is now beginning to have a
bigger demand in the market[1]. Poultry
farming is a popular agricultural industry that
involves raising a variety of domestic birds to

environment with a certain temperature and
humidity[3]. Poultry chickens are divided into
two parts, broiler chickens and layer chickens.
In layer chicken, the most efficient temperature
range is between 20° and 24° C[4]. For broilers,
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the perfect temperature is according to age, as
shown in Table 1 [5]. For chickens in general,
relative humidity of 50-70 percent is ideal[6],
and the recommended amount for ammonia is
less than ten (10) ppm|[7]. Heat and cold stress,
insufficient or excessive ventilation, and poor
air quality can all lead to the chicken's life being
cut short[8]. In addition, poultry illness,
particularly broiler chicken disease, is
characterized by high mortality, many forms of
the disease, and frequent epidemic disease.
Broiler chicken sickness not only causes
farmers to lose a lot of money, but it also puts
their health and the health of people around
them in jeopardy[9]. The voice, video, and
temperature of hens can be used to assess and
identify the majority of these diseases[10]. One
of the responsibilities of the caregiver is to
make sure that the chicken has enough food
and water[1].

Temperature

Levels Weeks
32°C-34-C 1-2
26°C-30°C 3-4
18°C-24-C 5-7

Table 1. The optimum temperature for
broiler chicken

The Internet of Things (IoT) is a network of
connected objects that communicate with one
another through online services[11]. We may
simply operate a system with the assistance of
these little network-connected sensors or
gadgets[12]. [oT allows an appliance to be
managed in the cloud, making it available from
anywhere, whether it's data, information,
transportation, or equipment[13]. The
information gathered by the gadgets is utilized
for two objectives. The first goal is to automate
the process, and the second goal is to use data
analytics to evaluate the obtained data and
forecast any future events[14].
As the globe moves toward new technologies
and the adoption of [oT, agricultural research is
adopting IoT benefits in order to produce the
greatest cattle[15]. IoT aids in the storage of
data in one location so that farmers can readily
access, evaluate, and use it to make the best
choice possible[16].

This systematic review seeks to give deep
insights into IOT-based smart poultry
methodologies and implementation, as well as
to aid researchers in comprehending current
strategies to fill in the gaps of the field, present
a unified taxonomy for the literature.
Furthermore, the topic's motives and
challenges are determined. The following is a
breakdown of the paper's structure. The first
section discusses [oT-based smart poultry. The
study approach, scope, literature sources, and
filtering stages are all described in Section 2.
Section 3 summarizes the findings of this
paper's final group of articles and offers a
taxonomy for relevant literature and statistical
data. The motives, challenges, and suggestions
taken from the final collection of articles from
2016 to 2021 are classified and discussed in
Section 4. The conclusion is presented in
Section 5.

2. Method

To achieve a comprehensive understanding of
smart poultry by relying on the Internet of
Things has been applied Systematic literature
review (SLR). Systematic literature reviews try
to find as much relevant research on a specific
research subject as feasibleand to utilize
specified procedures to determine what can be
asserted with confidence based on these
studies.

2.1 Information sources

To search for targeted articles, we selected
three digital databases :

1- IEEE Xplore provides the most reliable and
wide-ranging articles in the fields of
engineering and technology.

2- ScienceDirect is a large database that
contains reliable scientific, technical, and
medical articles.

3- Scopus is a massive abstract and citation
database of scientific journals, conference
proceedings, and books.

These three databases adequately cover IoT and
its applications in smart poultry, as well as
provide a thorough overview of current
literature in a variety of disciplines.

2.2 Study Selection

The study period was from 2016 to 2022. A
literature search was conducted first, followed
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by two stages of screening and filtering. By
scanning the titles and abstracts, the first stage
removed duplicates and irrelevant articles. In
the second stage, the literature was filtered
through a full reading of the articles that were
filtered in the first stage, as shown in Figure 1.

2.3 Search

The search was conducted on September 10,
2021, using the ‘advanced search’ in Scopus,
ScienceDirect, and IEEE Xplore. We use two
groups of keywords, the first group included
'10T', 'WOT', 'Internet of Things', 'Web of
Things', the 'OR' operator was used to combine
these keywords. The second group included
'Poultry’, 'Poultry Farm', ‘chicken farm/,

'Chicken’, The 'OR' operator was used to merge
them. The 'AND' operator was used to combine
the two groups.

2.4 Eligibility criteria

Each database's choices were taken into
account. Books, reports, and other content
found in the search results were not included.
However, we used the most recent journal
publications and conferences, and only the most
relevant were considered. The exclusion criteria
included the following.

1-The article is non-English.

2- The subject is limited to a specific aspect of
poultry and does not include the smart poultry.

Query

!

(IOT OR WOT OR "Internet of Things" OR "Web of Things") AND (Poultry OR "Poultry Farm" OR

"chicken farm" OR "Chicken")

!

|

IEEE Xplore ScienceDirect Scopus
48 321 626
The total
995

l

screen out duplicates 995 — 17 =978

l

The title and abstract scan
978-919=59

}

Full text reading
59-7=52
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3. Taxonomy and Statistical information
of articles

Only 995 items remain after scanning the
databases given above and selecting the period
from 2016 to 2022. following the removal of
duplicates and a screening of titles and
abstracts, Only 59 articles passed the
preliminary screening.

Seven of the articles were eliminated after
reading the full text, leaving 52 articles, The final
review, which was broken into three categories,
contained them. The first category (n=39/52;
75% ) includes System monitoring either
environmental monitoring to maintain optimal
environmental conditions or monitoring of
chickens to identify diseases and mortality of
chickens or knowledge of chicken weight. The
second category (n=2/52; 3.85%) includes
monitoring based on the dataset Which stores
data in the cloud and analyzes it to detect
diseases and take appropriate action. The third
category (n=11/52; 21.15%) is other. As shown
in Error! Reference source not found., our
systematic review categorized all linked
publications under the stated category into a
literature taxonomy. In the next sections, the
observed categories are given, with basic
statistics shown throughout the discussion.

3.1 Monitoring system

This section contains 39 articles out of 52, the
equivalent of 75% of the total, and aims to
produce healthy chickens by monitoring
environmental parameters, reducing number
chicken mortality, as well as predicting and
diagnosing disease. This category is divided into
three subcategories.

The first is Environmental Monitoring
(n=31/39, 79.49%), this category is divided into
three groups. The first group is multi-sensing
for broiler and layer chickens and has (n=17/31,
54.84%), includes many studies, including the
provision of proactive and preventive methods

to avoid or reduce bird deaths through
monitoring heat stress[17]. In[18], the Internet
of Things and blockchain technology are applied
in monitoring environment. In the following
studies[5, 7, 11, 12, 15, 16, 19, 20], poultry
houses are  generally protected by
environmental monitoring by relying on the
Internet of Things. In [21] edge computing was
applied to the Internet of Things to solve the
problems of bandwidth and delay. This [22]
article tests a low-cost loT-based model for
remote control of a poultry environment.
[23]developed a smart poultry farm to monitor
environmental parameters using RTOS on
Arduino. In [24] environmental parameters are
monitored and controlled, in addition to
designing a system to regulate the flow of water
and feed, as well as electricity, is generated
through chicken manure. [6]uses an artificial
intelligence algorithm to forecast and monitor
air quality in poultry. In, it monitors the
environmental parameters and also monitors
the water and nutrition system. In addition, it
uses a camera to allow the owner of the poultry
house to monitor the poultry remotely. To
maintain the optimum temperature, this study
[8] describes a self-contained chicken coop
cooling system that uses renewable energy and
recycled water. Broiler chickens(n=9/31, 29.03
% ) are the second group, and environmental
characteristics that impact their health, such as
ammonia gas, temperature, and humidity, are
monitored[3, 14, 25-31]. The third group is
layer chickens (n=5/31, 16.13%), and includes
providing healthy chickens by monitoring
several factors such as temperature, humidity,
lighting, air quality, and ventilation to increase
egg production[4, 32-35] .
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Smart poultry farm monitoring using WOT and
sensors
(52)
]
Monitoring Monitoring based Other
systems on data set (11)
(39) (2)
Environment Chicken Hybrid
monitoring monitoring (2)
(31) (6)
’ |
J
Monitoring Monitoring feed Monitoring
health and water Weight
(4) (1) (1)
Multi sensing for broiler Broiler Layer
and layer chickens chickens chickens
(17) (9) (5)

Figure 2. Taxonomy of research literature

The second is chicken monitoring (n=6/39,
15.38%), and this category alos divided into
Three groups. The first group s
monitoring health(n=4/6,66.66 %), it consists
of identifying sick chickens and using an
algorithm to anticipate the appropriate

disease, as well as determining chicken
mortality[9, 10, 36, 37]. The second croup is
feed and water monitoring(n=1/6 ,16.67%),
which keeps track of and supplies water and
feed to poultry animals[13]. Monitoring
Weight(n=1/6,16.67) is the third group, which
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keeps track of the chicken's weight in order to
produce high-quality, safe meat[38].

The third is hybrid(n=2/39 , 5.13%),
environmental parameters are monitored in
this area, and a monitoring camera is utilized to
keep an eye on the status of the poultry house
in real-time. Furthermore, eggs are
gathered[39, 40].

3.2 Monitoring based on data set

This section contains(n=2/52 , 3.85%). Sensor
nodes installed within the chicken coop capture
data in real-time. Customers are provided with
manual data via a web page or a smartphone
app. The data is moved to a cloud data center
and analyzed[41, 42].

3.3 Other
This section includes studies related to
developing an algorithm to know the weight of

chickens, identifying sensors used in poultry,
and a study to develop a mobile application that
helps farmers in making decisions, in addition
to reviews|1, 2, 43-50].
4. Discussion

This section aimed to discuss and highlight
three significant components:(1) motivations
related to the topic's benefits and significance as
explained by researchers; (2) challenges and
problems identified through previous and
current research and academic studies; and (3)
recommendations in which authors share their
future ideas and aspirations for future studies.

4.1 Motivation

This section depicts the many components of
motivations, which are categorized according to
their distinct benefits. Figure 2 depicts the many
motives for smart poultry based on IoT.

Motivation

© Reducng the spread of diseaies amang
peultry
© Rechuce chicken mortalty

© Healthy chicken progucton

Figure 2. motivation categories for smart poultry based on I0T

4.1.1 Motivations related to the risks of
changing environmental parameters

Most people have difficulty maintaining a
regular watch on the chicken coop[51].
Therefore, Environmental characteristics, such
as temperature, humidity, ammonia levels, and
luminosity, must be monitored regularly to

ensure the system runs smoothly since they
directly influence chicken performance and
welfare[15, 20, 23, 25, 28, 34, 40]. These
environmental variables also have an influence
on poultry food quality and health[16, 26] and it
has an effect on the respiratory system and can
lead to mortality[7]. One of the most important
aspects of growing healthy chickens is
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temperature regulation in the poultry
house[52]. Heat stress is an unpleasant
experience for chickens. It's a situation in which
living organisms absorb too much heat, causing
stress, disease, and even death[8, 17]. Increased
relative humidity leads to increased stress[35].

4.1.2 Motivations related to reducing time
and cost

Agriculture's fast growth necessitates the use of
more advanced technology[48]. The majority of
poultry farms are inspected by hand. As a result,
they face significant financial losses owing to
their incapacity to fully automate the
monitoring and management of environmental
conditions, which prompted several academics
to establish an intelligent farm[3, 19].
Furthermore, because the cost of human laboris
increasing[11], smart farms can assist cut labor
expenses|[5], boosting productivity[38],
minimize waste[39], and lower death rates.
Physiological factors on the farm, including
temperature, humidity, and light intensity,
should be monitored and maintained with little
human involvement to ensure the health of the
poultry[14]. Proper nutrition is one of the other
aspects that impact poultry productivity that
motivates researchers[18, 29].

4.1.3 Motivation related to the economic
situation

Demand for chicken products grows as the
world's population grows[4, 12, 13]. Because
poultry is one of the agriculture sector's most
significant economic development sectors[24,
33], various things must be considered in order
to increase production outcomes[45]. One of
these factors is the temperature and humidity of
the broiler farm[9, 30]. A clever and cost-
effective approach of automating the greatest
number of human tasks is necessary to improve
the quality and dependability of this area[31].
Another motivator for the researcher [32] was
to use the Internet of Things to boost egg
production in order to avoid future shortages.

4.1.4 Motivations related to Health
Most poultry farms can accomplish automation
with the continual enrichment of scientific and

technical means. Still, there is no automatic
monitoring step for dead and ill birds on the
farm, just ongoing manual inspection and
detection[36]. Many researchers were
prompted by these factors to design and build
removal devices for deceased chickens [37] and
to use images to detect unwell birds[10].
Weight, on the other hand, is a crucial measure
of broiler chick health during their raising
period, which prompted the researcher [43] to
develop an automated weighing device.

4.1.5 Motivations related to data
management synchronization

Most poultry environmental management
systems are currently developed to meet
specific needs. Users with a large agricultural
scale can manage each breeding location
independently, resulting in issues such as
complexity and difficulties in evaluating and
interpreting data[49]. Poultry producers must
carefully monitor all data connected to poultry
management to manage their daily production
operations[22]. IoT enables real-time poultry
monitoring, analytics, and sophisticated
automation if the data is of high quality[6]. As a
result, numerous academics were inspired to
create a management system capable of
acquiring, transmitting, storing, managing,
analyzing, and forecasting future events[41, 42].
Furthermore, some researchers have found that
using mobile decision support technologies to
aid farmers in making informed decisions is an
excellent strategy to help them. [2] developed a
mobile decision support system that would
assist small farmers and rural poultry
producers in obtaining trustworthy information
needed to make informed decisions about their
farming operations.

4.2 Challenges

Various smart poultry challenges were
discovered when the academic literature was
analyzed. Numerous issues have been raised by
researchers about both the smart poultry
procedure The primary difficulties are
categorized and described in the next
subsections, along with citations. The main
challenges identified in the academic literature
are shown in Figure 3.
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Figure 3. Challenges for smart poultry

4.2.1 Concerns on crafts

Large poultry farms, particularly, require much
work because it is necessary to check all
environmental conditions manually. This makes
environmental monitoring a laborious and
time-consuming process, and false knowledge
about agricultural practices increases the
problem of employment, and any human error
is harmful to production [11, 18-20, 24, 30, 33,
38]. The majority of poultry farms still manually
tend to the animals' needs for food and water.
The issue with farms that have a lot of animals
to care for is the amount of laborious work that
must be done[13]. Hand feeding has certain
drawbacks, such as dangerous overfeeding and
delayed meal provision [4, 29]. As for water, an
adequate water supply level must be
maintained for poultry at all times[48]. The
typical method of weighing broiler chicks is on
a steel scale, which is laborious, time-

consuming, and frequently results in stress-
related behavior in the broilers [43]. The
administration of poultry farms is largely labor-
intensive. It is highly challenging to retrieve,
process, and analyze the vast amount of vital
data for the manufacturing process that is either
preserved incompletely or only kept as paper
documents[42]. Breeders are required to
regularly check on the well-being of their
broilers throughout the day. To stop the spread
of infections inside the chicken house, the
breeder manually removes sick birds from the
house when they are discovered[37].

4.2.2 Concerns on performance and welfare
These days, problems impacting animal
performance and welfare are significant.
Environmental factors including temperature,
humidity, ammonia levels, and glossiness must
be continuously monitored since they directly
affect the performance and welfare of
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chickens[7, 14, 15, 22, 23, 25, 34, 51]. As the
high temperature causes heat stress which
leads to disruption of chicken growth and affect
productivity [8, 12, 17, 27, 35, 52], and lack of
moisture leads to dehydration and respiratory
diseases.[3, 28], excess moisture can lead to the
production of ammonia [16] . The animal waste
produces harmful gases like ammonia (NH3),
which hurts the well-being of hens and it can
also cause respiratory problems in humans[6,
26, 31].

4.2.3 Concerns on disease or death of
chickens

Farmers face many problems such as pollution
and bird diseases[39]. The lack of veterinary
staff is just one of numerous issues and
shortcomings with poultry. As a result, chicken
illness, particularly broiler disease, is
characterized by a high mortality rate. The
presence of broiler illness not only results in
significant financial losses for farmers[5] but
also poses a major threat to their health and the
people around them[9]. Recognizing the illness
at an early stage and preventing the illness from
spreading to other illnesses is one of the issues
faced by poultry [10], so there is no automatic
monitoring stage to recognizing the illness;
instead, detection is done manually
continuously[36]. Some farmers look for
various information on poultry health from
multiple sources of information when they
encounter numerous health-related issues on

their farms. Still, most of these sources are
untrustworthy, so they frequently make the
wrong choices[2].

4.2.3 Other challenges

The proliferation of smart devices is only one of
many additional issues that developers must
deal with. Network bandwidth is strained by
rapid data expansion, and cloud computing is
not always practical. Therefore, problems with
bandwidth and delays must be fixed[21]. The
dependable transmission of wireless data has
issues. The wireless data transmission of
several sensors experienced a lot of
interference, including redundant data and lost
data[53]. Building an integrated system for
poultry management presents another issue, as
there is currently no comprehensive system
that addresses all requirements for poultry
management[40, 41]. On the other hand, only a
few users with massive agricultural scales can
manage each breeding location independently,
which creates specific issues like complexity
and difficulties in analyzing and using
information[49].

4.3 Recommendations

Many parts of suggestions were found in the
literature, whether they were connected to the
need for more research, hardware upgrade, or
system improvement. This section looks at
suggestions that have come up in the literature.
Figure 4 illustrates the IOT-based smart poultry
suggestion categories.
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Figure 4. Recommendation categories for smart poultry based on IOT.

4.3.1 Network boost

From a variety of perspectives, many
recommendations were made to network boost.
[17] he is suggested that the system be
implemented with a remote server in order to
acquire empirical data on its performance and
to conduct an analysis of the peak heat time in a
year in Sub-Saharan Africa. Using wireless
sensor networks and mobile communication
technologies to complete poultry farms
minimizes the amount of human Ilabor
necessary by automating the process[39].
According to the criteria, the researcher [11]
provided various future works that can build a
wireless connection between the sensor module
and the coordinator using Bluetooth, XBee, or
wifi modules. Because Raspberry Pi 3 storage is
restricted, cloud data storage may be employed;
the web interface can be designed to display the
sensor's geographical position, and the
interface can be tuned to give a rich user
experience. For remote monitoring, data
logging, and control, the researcher [23]
proposed connecting the Arduino system to the
Internet.
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4.3.2 Hardware enhancement

Several studies have recommended the
enhancement of hardware by adding more
sensors. Utilizing other sensors to more
correctly environment the surroundings of a
chicken farm using blockchain technology is
recommended by [18]. Other research has also
proposed the inclusion of sensors that allow
monitoring of other environmental factors
important to preserving air quality[25, 41].
Other sensors, such as flood and fire detectors,
are recommended in [8] to increase the
system's safety. Other technologies that might
be added (closed circuit television, infrared
cameras, gas detectors, mobile Internet, GSM,
etc.) to install it and expand the project's
potential were recommended in a research [32].
According to research [33], all environmental
output data may be obtained in a more
trustworthy state by utilizing more modern
sensors and technological concepts. Another
study recommended adding a video recognition
capability and utilizing it as an extension of the
camera device to monitor the chicken coop in
real time is a good idea[9]. Further
development, according to the researcher at
[27], should include a screen that can be used to
monitor temperature and humidity as well as
solar panels to produce power continually and
effectively.

4.3.3 System improvement

Many researchers recommend improving the
system. In [16] recommended executing all of
the core functions of creating a true system. In
[15] recommended that feasible to expand the
work by giving forecasting functions for data
analysis and obtaining a better outcome.
Another research [24] suggested installing a fire
alarm system and constructing an automatic fire
extinguishing system, as well as adding more
information about the poultry farm to the
website, such as vaccination reminders, worker
information, and so on. Approximately 3-5 hens
may be tracked at a time using the sensors used
in [10]. The researcher advised raising the
higher RGB, increasing the RGB resolution, and
increasing the higher thermal camera in this
article to improve chicken count tracking. The
researcher in [6] will conduct video treatment
and analysis of animal hens in the future in

order to discover problems in poultry such as
aberrant mortality, stress, and meaning. The
researcher [51] mentioned that the cleaning
procedure could not be completed due to a lack
of time and funds. Therefore, he offered a
cleaning system to monitor and control the
chicken coop's cleanliness. This cleaning
procedure will help the hens and their owners
feel more at ease. Another study recommended
improving the system by adding a more reliable
prediction algorithm[5]. Another research
suggested automating various phases of the
chicken production chain's data collecting
procedure and better connecting it with the
PCM platform[45].

4.3.4 Further studies

Various proposals for the conduct of additional
research have been made in the literature from
various perspectives. In[14], it was suggested
that data collected from the barn be analyzed
using data analytics to predict avian diseases
such as avian influenza and other diseases that
could have devastating effects on the
productivity of the poultry farm ecosystem be
predicted so that farmers can take appropriate
measures before they occur. in [48] clear that
future work should concentrate on preparing
the technology in a real chicken cage, aside from
assessing the implementation's start-up and
running costs and determining the number of
operating expenses saved by managing and
monitoring the system's water supply level.
There should be more study to add other
physiological data like blood pressure, heart
rate, etc[42]. Furthermore, further study on
large data mining and analysis is required[36].
The prospect of doing additional studies aimed
at enhancing software engineering was
discussed by the researcher in [25].

4.3.5 Other recommendations

A study recommended the security features of
this technology might be enhanced and lessen
vulnerability to cyber assaults and data
infiltration[18]. Incorporating energy
recharging and mobility within the nodes will
also make the system more resilient[4]. In
research[34], he explained that it is possible to
implement the concept of hydroponics. The
creation of a smartphone application with
additional capabilities such as scheduling
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vaccination reminders, according to the
researcher [7], would be a great contribution to
the effort. Future work in [2] focuses on testing
mobile applications created to guarantee that
this study helps farmers get crucial chicken
raising information needed to make educated
decisions.

5. Conclusion

Arecent experimental trend has emerged in
using the Internet of Things and smart poultry.
It is important to get insights into this emerging
trend. This article aims to contribute such ideas
by scanning and categorizing related works. All
recent and published work on smart farms
based on IoT were scanned, and essential
contributions were highlighted. The first
contribution is to provide taxonomy in this
paper based on the literature. In the second
contribution, we covered the selected studies’
main  highlights, including motivations,
challenges, and recommendations. We
highlighted the benefits of stimulus related to
the risks of changing environmental
parameters, reducing time and cost, economic
situation, health, and data management
synchronization. Our analysis raised several
concerns that the researchers reported.
Therefore, we have highlighted these challenges
related to the limitations of chicken disease or
death, craftsmanship, performance, and
welfare. In addition, we emphasized the
recommendations regarding users' need for
further studies, hardware enhancement, system
improvement, network boost, and other
recommendations. Our study attempts to
provide a comprehensive overview of smart
poultry using the Internet of Things in the
literature. We hope that other researchers will
use this study as a starting point to expand the
research further based on the challenges we
have discussed.
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