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Abstract— The rapid development of technology significantly impacts various aspects of life, including the field of livestock farming.
The advancement of technology is expected to enhance the rate and effectiveness of production, particularly in the hatching of chicken
eggs or chick breeding. The existing technology relies on manual on/off systems and manual monitoring, hindering successful egg-
hatching rates and percentages. Therefore, this research aims to explain the development of an automated egg incubator using a
Proportional Integral Derivative (PID) control system with hypertuning parameters, as well as temperature and humidity monitoring,
along with a protection system based on voltage sensors, all integrated with the Internet of Things (IoT). The PID control is employed
to regulate the temperature of the egg incubator, ensuring stability according to the predetermined set point temperature. The IoT
system in this study comprises an ESP32 node as a microcontroller connected to a sensor, using Firebase and User app for monitoring
the egg incubator. The study employed PID control with parameter values Kp=10, Ki=3, and Kd=8. The research yielded time-efficient
egg incubation and prevention of turning delays. The DHT21 sensor achieved a 90% success rate in detecting room temperature (38°C)
and humidity (77%-84%) within the incubator, while PID control effectively maintained the target temperature. The ACS712 sensor
accurately detected current in the heater, power supply, and motor. The Kodular application can display sensor readings. The future
implication is developing a more adaptive PID method toward changes and nonlinear dynamics.
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eggs to undergo periodic position changes within the specified
I. INTRODUCTION time. Therefore, these three factors are crucial in the egg-
hatching process [4].

An incubator is a device that can control temperature and
humidity for the egg incubation process. By using an
incubator, farmers do not need to manually hatch eggs by
allowing the female chickens to brood them. Thus, an
incubator can assist farmers in hatching eggs on a large scale
to produce a larger population of chickens [5], [6]. This is the
critical factor that serves as the primary reference point during
the design process of a duck egg-based egg-hatching machine,
incorporating DHT22 and PIR sensors [7].

In previous research, STEM methodology was employed
to create and operate a cyber-physical system for a chicken
egg incubator. It encompasses scientific exploration,
technological  application, and programming skills
development to control ventilation, temperature, and humidity
for successful egg hatching [8], [9].

The current study involves the development of an
affordable incubator using a microcontroller. This incubator

The Internet of Things (IoT) technology has seamlessly
integrated and revolutionized various industries, including
livestock farming. With the advancement of technology, egg
incubation has evolved from traditional methods to digital egg
incubators that leverage IoT technology. This technology has
significantly impacted the current industrial landscape, as
almost every device can now be monitored and controlled
through internet connectivity [1].

In the case of egg incubation, the egg-hatching process
requires a consistently stable temperature between 37-39°C
[2], [3]. If the temperature exceeds or falls below that number,
it can result in suboptimal embryo development and
potentially lead to developmental abnormalities in the egg.
Embryos that experience insufficient development can
produce chicks with defects during hatching. Additionally,
the relative humidity parameter must adhere to the
predetermined value based on the number of incubation days.
The last parameter is that the hatching process requires the
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incorporates both the hatcher and setter functions within a
single enclosure [10]. The microcontroller-based controller
allows for precise regulation of temperature, humidity,
ventilation, and egg-turning mechanism. Notably, the cost of
this designed incubator is expected to be lower compared to
commercially available alternatives [11]-[13].

In the development of research conducted by several
researchers citing Szolga, Azahar, and Chitra, further
advancements involve the creation of an intelligent and
automated egg incubator system that integrates various
features. These features include an LCD screen, a stepper
motor to facilitate egg rotation, accurate temperature and
humidity sensors, as well as a GSM module to notify the
farmer of relevant information. It also includes power backup
in case of failures to resume the process without starting from
the beginning [14]-[16]. In modermn times, the cost-
effectiveness and efficiency of bird reproduction can be
enhanced through remote monitoring and control of egg
incubator parameters from a remote location [17].

A prototype egg incubator was developed by
incorporating temperature control by implementing
Mamdani fuzzy logic control. The DFT11 sensor plays a
crucial role in providing input data for the fuzzy logic,
enabling the system to adjust the fan speed (PWM)
accordingly. Two lamps are used to maintain the ideal
temperature in the incubator [5]. The microcontroller is
programmed as a fuzzy logic control system to ensure the
best conditions for different types of eggs. It controls the
egg's position, incubator temperature, and humidity,
resulting in optimal conditions for successful incubation
[18], [19]. The main aim is to compare temperature
management in an egg-hatching incubator using
LabVIEW 2015 software with on/off and fuzzy logic
controllers [20], [21].

Metwally [22] presented a study on modern methods using
Pulse Repetition Frequency (PRF) techniques to examine the
effects of different pulse intensities and durations on low-
level quail egg incubation. The objectives include designing
an electronic circuit to control pulses generated by the PRF
circuit and optimizing operational parameters for the
incubation system.

In previous research, the Mamdani fuzzy inference
system is preferred over the Takagi-Sugeno system for
controlling temperature and humidity levels inside the
egg incubator due to its efficiency. The methodology
applies to various avian species, although it focuses on
optimizing conditions for chicken eggs [23]. This paper
discusses a solar-powered egg incubator designed for
regions without electricity access but with the potential
for chicken farming [24].

The research conducted by Purwanti et al. [25]
successfully designed monitoring capabilities for egg
incubators involving utilizing a webcam camera to
oversee temperature conditions and the egg incubation
process. Gutierrez explains the development of a smart
chicken-egg incubation system based on Arduino,
LabVIEW, Google Firebase, and MIT App Inventor. It
automatically controls temperature, humidity, and egg
rotation while allowing remote monitoring by the farmer
[26].
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In a previous study, Maharani et al. [27] developed an egg
incubator device utilizing a heating lamp to maintain room
temperature stability. Temperature and humidity data were
collected using a DHT 11 sensor and transmitted to a Blynk
server through a Wemos DI microcontroller. The
temperature and humidity information can be accessed in
real time through a smartphone using the Blynk IoT
platform. The movement of the incubator racks is controlled
by a synchronous motor and a time delay relay, which are
programmed using Arduino. This study details the creation
of a prototype Smart Chicken Eggs Incubator System that
utilizes the Internet of Things (IoT). The system consists of
three  subsystems: embedded systems, web-based
applications, and a Telegram bot [28]. The poster paper
introduces IoT-based mobile app development using
Android Things and MIT App Inventor for data collection
from connected sensors [29].

This study presents a comparative analysis of recent
incubator design approaches in the literature. It identifies a
gap in the field, specifically the lack of remote control and
monitoring using Internet of Things (IoT) technology. The
study emphasizes the importance of this feature in enhancing
accessibility and productivity and reducing losses caused by
malfunctions [30]. The intelligent incubation system is
created to integrate IoT technology with smartphones,
enhancing user convenience in monitoring and operating the
system [31], [32].

In another case study conducted by Supriyo, the PID
control method was chosen based on a combination of the
Relay Feedback and Ziegler-Nichols formulas. The
performance evaluation utilizes Rise Time, Settling Time,
Overshoot, and Steady State Error at temperatures of 50°C,
60°C, and 70°C. The PID controller is chosen as the best one
with a maximum steady state error of around 0.2°C,
responsiveness, and no overshoot [33]. They are using HO-
PID controllers with low-pass filters to achieve similar goals
as an alternative fractional-order PID control. Solving various
new problems [34].

In this research case study, the authors designed an IoT-
based egg incubator with temperature and humidity
parameters. The incubator is equipped with sensors to
monitor these parameters. We also implemented a power
monitoring system to ensure the incubator's integrity and
control of the temperature using a PID (Proportional-
Integral-Derivative) control system. The designed system is
integrated with Firebase and can be monitored through an
Android application.

In this research case study, authors have developed an egg
incubator that incorporates IoT architecture to control and
monitor temperature and humidity parameters. The
incubator is equipped with temperature and humidity
sensors that are connected to a microcontroller or an IoT
module.

Additionally, the authors have implemented a power
monitoring system to ensure the reliability of the egg
incubation system. This system monitors the power
consumption of the incubator and provides alerts in case of
abnormal power spikes or drops. This helps prevent damage
to the incubator and maintains a stable incubation
environment.



For precise temperature control, the authors have employed
a PID (Proportional-Integral-Derivative) control system. This
system automatically adjusts the heating or cooling in the
incubator based on temperature differences detected by the
sensors. The PID control ensures that the temperature inside
the incubator is maintained optimally for proper embryo
development.

All the temperature, humidity, and power data collected by
the incubator are sent to the Firebase platform. Firebase
provides a cloud infrastructure to store and manage this data.
Furthermore, the authors have developed an Android
application that connects to Firebase. This application allows
users to monitor the real-time temperature, humidity, and
power conditions of the incubator through their mobile
devices. This integrated and user-friendly application enables
farmers to oversee the egg incubation process quickly and
efficiently.

II. MATERIALS AND METHODS

In the material and methods section, the egg incubator
system was developed using an ESP32 microcontroller
device, incorporating a PID control system for temperature
regulation. The system utilized sensors such as the DHT21
temperature and humidity sensor, current sensor, PTC
heater, AC motor, Omron timer, and Firebase integration,
ensuring connectivity with the IoT (Internet of Things)
framework.

In this section, the authors discuss several aspects
related to IoT-based egg incubators. These include IoT
architecture, system flowcharts, hardware model design,
PID control system, mobile application, and the egg
incubator frame model. All these aspects contribute to
creating an efficient and reliable egg incubator, ensuring
an optimal environment for egg development, and
facilitating users in effectively monitoring and controlling
the entire process.

A. Internet of Things Architecture

1) Device: The ESP32 is a microcontroller that supports
Wi-Fi connectivity and can send real-time data to Firebase. Its
operation begins by connecting the ESP32 to an available Wi-
Fi network. Once attached, the ESP32 reads data from desired
sensors or other sources, such as temperature and humidity
sensors. The data is then sent to Firebase using HTTP or
WebSocket protocols through the Firebase APIL In this
context, the device is also referred to as a Node.

2)  Connectivity: Wi-Fi technology in IoT serves as a
connectivity node that enables seamless communication
between devices and the server. By utilizing Wi-Fi, IoT
devices can establish a wireless connection to the server,
allowing them to transmit and receive data efficiently. This
technology enables real-time data streaming, remote
monitoring, and control, making it a vital component in
building a robust and interconnected IoT system.

3)  Cloud Platform: On the Firebase side, the
application has been configured to receive and store real-time
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data from the ESP32 in its database. Firebase offers a real-
time  database feature that enables seamless
synchronization between the IoT devices and the server.
The ESP32 sends data to Firebase using the Firebase API,
utilizing either the HTTP or WebSocket protocol. Firebase
also provides powerful listener capabilities, allowing the
application to listen for and respond to data changes
instantaneously. This integration with Firebase empowers
the ToT system to effectively manage and process data,
facilitating efficient monitoring and control of connected
devices.

4)  User Apps Interface: In the context of egg incubation
in the IoT system, the user application developed using
Kodular plays a crucial role. The application is designed to
provide an intuitive interface for users to monitor and
control the incubation process. By integrating with the IoT
infrastructure, the Kodular app connects to the ESP32
microcontroller and Firebase, allowing real-time data
exchange. Through the Kodular app, users can access vital
information such as temperature, humidity, and incubation
progress. The app is equipped with features to display the
data in user-friendly formats, including charts, numerical
values, and notifications. Users can also set desired
temperature and humidity levels, monitor the status of the
incubator, and receive alerts in case of any abnormalities.
Fig. 1 below shows the Internet of Things architecture.
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Fig. 1 Internet of Things Architecture — Overview

B. Egg Incubator System Flowcharts.

The flowchart for the egg incubator system starts with
the initial state. Upon pressing the push button to turn it on,
the device powers up. The setpoint for temperature and
humidity is then adjusted according to the desired
conditions for the incubator space. The DHT21 sensor
detects the temperature and humidity in the room. If the
room temperature is less than or equal to 38°C, the heater
turns on. If the room temperature exceeds 38°C, the fan
turns on, and the heater works to lower the incubator room
temperature. Similarly, for humidity control, if the room
humidity is less than or equal to 80%, the humidifier is
activated to increase the moisture. If the room humidity
exceeds 80%, the humidifier turns off. The detected
temperature and humidity data are displayed on the LCD
screen and can be read on a smartphone. This process
continues as long as the device is powered on.
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Fig. 2 Egg Incubator System Flowchart

Additionally, for the connection of the DHT21 sensor with

C. Model Designing Hardware System the ESP32, the first pin of the DHT21 sensor is connected to

In this research, a current sensor is used to measure or VCC, Pin 2 is attached to a digital pin (input pin), and Pin 3
detect the electric current flowing through a circuit or device. is attached to the Ground on the ESP32. This device will use
There will be three current sensors, and each sensor's pin-out 2 DHT21 sensors, with each sensor connected to pins D2 and

will be connected to pins D12, D13, and D14 of the ESP32. D4 of the ESP32. The keypad used for setpoint adjustment is
Each current sensor's pin-out will include a voltage divider attached to the ESP32 using the Inter-Integrated Circuit (12C)
circuit since the ESP32 can only accept input up to 3.3V, communication protocol using the PCF8574 IC. Furthermore,
while the output signal from the current sensor is 5V. the SDA pin is connected to pin D21, and the SCL pin is
connected to pin D22.

D. Proportional Integral Derivative (PID) Control System

The Set Point (SP) system is programmed to maintain a
temperature of 38°C. This desired temperature value, SP, is
inputted into the ESP 32 microcontroller, which utilizes a
proportional integral derivative (PID) control system to
process the SP value. The PID control system computes the
necessary adjustments and generates a Pulse Width
Modulation (PWM) value. This PWM value is responsible for
regulating the flame intensity of the heater.

&2
D

Tunning PID

DHT21

Fig. 4 Proportional Integral Derivative (PID) System

To monitor the actual temperature, DHT sensor 21 is
fete employed to measure the heat generated by the heater. The
Fig. 3 (b) Current sensor hardware design sensor output is then compared to the SP value, and any
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disparity is considered an error. This error is fed back into the
microcontroller and undergoes further processing through the
PID control system. The PID controller calculates the
appropriate corrective measures to be taken to ensure that the
heater produces a stable heat.

E. Application System

In this research, a Kodular mobile app is utilized to detect
current using an ACS712 sensor. The application is designed
with features that enable users to measure current accurately.
Furthermore, if any measurement errors occur, Kodular
automatically sends short notifications to the user's
smartphone. With these notifications, researchers can
promptly identify any issues and take immediate action to
rectify or validate the collected data. This ensures the integrity
and accuracy of the data used in the research journal, thereby
enhancing the quality and reliability of the research outcomes.

Fig. 5 Application Kodular

Furthermore, the Kodular mobile app is specifically
designed to monitor temperature and humidity using the
DHT?21 sensor, providing users with real-time monitoring of
temperature and humidity conditions through their
smartphones. The application establishes a connection
between the DHT21 sensor and the mobile app, periodically
retrieving temperature and humidity data. This data is then
displayed clearly and interactively on the application interface
on the user's smartphone. By using this application, users can
monitor changes in temperature and humidity within the
Smart Incubator in this research.

F. Egg Incubator Frame Model

The egg incubator model consists of a sturdy aluminum,
multiplex, and aluminum foil framework. It features five
tiered racks with a total capacity of 500 eggs. Additionally,
the incubator is equipped with a reliable and efficient drive
system for smooth operation.

v ¢

&
Fig. 6 Egg Incubator Frame Model
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II1. RESULT AND DISCUSSION

Based on the results of the experiments conducted in the
research design, several performance test results of the device
were obtained, which can be demonstrated in the following
explanation:

A. Temperature and Humidity Sensor Data

Based on Figure 7, the temperature measurements obtained
from the egg incubator, it was found that the temperature
remained stable at the set point of 38°C. The temperature data
was recorded at 30-minute intervals, demonstrating consistent
and reliable temperature control throughout the incubation
process. This indicates the effectiveness of the incubator in
maintaining a constant and optimal temperature for successful
egg hatching.
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Fig. 7 Table of Temperature Incubator

Based on Figure 8, which depicts the measured humidity
levels in the egg incubator, it was observed that the humidity
remained stable within the desired range of 80%. The
humidity data was recorded at 30-minute intervals, indicating
consistent and reliable humidity control throughout the
incubation process. This signifies the effectiveness of the
incubator in maintaining an optimal humidity level for
successful egg incubation.
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Fig. 8 Table of Humidity Incubator

Based on Figure 9, the egg incubator maintained a stable
temperature at the set point of 38°C while the measured
humidity remained consistently within the desired range of
80%. The data was collected at 30-minute intervals, indicating
reliable control of both temperature and humidity throughout
the incubation process. This highlights the incubator's
effectiveness in providing optimal conditions for successful
egg incubation.
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B. PID Control System Data

Based on Figure 10, the data table of the PID control
system for the PTC heater shows that the heater's response
was directed towards the set point and made efforts to
maintain stability at the desired temperature of 38°C. This
indicates the adequate performance of the PID control in
regulating the PTC heater to achieve and sustain the target
temperature during the incubation process.

PID INCUBATOR
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Fig. 10 Table Data of PID System

C. Actuator Motor Testing Results Data

Based on Table I, the table presents the measurements of
the motor's performance in moving the incubator racks at
intervals of every 3 hours. The motor successfully operated
according to the programmed instructions, enabling the
desired movement of the egg incubation racks.

TABLEI
MOTOR TESTING
Time Testing Motor Running Motor Test
Condition (Second) Result
6:00:00 AM ON 40 ON
9:00:00 AM ON 40 ON
12:00:00 PM ON 40 ON
3:00:00 PM ON 40 ON
6:00:00 PM ON 40 ON

D. Current Sensor Data in the Egg Incubator

Based on Table II, the measurements show that the average
current for the PTC heater was 8 A, the power supply
consumed 0.6 A, and the motor required 0.09 A in the egg
incubator. These readings indicate the electrical currents
drawn by each component during operation.

TABLE I
CURRENT SENSOR
Heater Current Power Supply Motor Current
(A) Current (A) (A)
0 0 0
8.33 0.64 0.0909
8.33 0.64 0.0909
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Heater Current Power Supply Motor Current
(A) Current (A) (A)
8.33 0.64 0.0909
8.33 0.64 0.0909
8.33 0.64 0.0909
8.33 0.64 0.0909
8.33 0.64 0.0909
8.33 0.63 0.0909
8.33 0.63 0.0909
8.33 0.63 0.0909
8.33 0.63 0.0909
8.33 0.53 0.0909
8.33 0.53 0.0909
8.33 0.53 0.0909
8.33 0.53 0.0909
8.33 0.53 0.0909
8.33 0.53 0.0909
8.33 0.53 0.0909

0 0 0

E. Node Delivery Data to Firebase

Table III provides information on data delivery from nodes
to Firebase. It presents the recorded outcomes of the data
transfer process, displaying the efficiency and reliability of
communication between the nodes and the Firebase platform.

TABLE III
SENDING DATA FROM NODE TO CLOUD
Time Time
Data (n) Differences Data (n) Differences
(ms) (ms)
Data 1 20 Data 21 21
Data 2 70 Data 22 12
Data 3 35 Data 23 24
Data 4 19 Data 24 38
Data 5 30 Data 25 35
Data 6 42 Data 26 25
Data 7 19 Data 27 19
Data 8 38 Data 28 13
Data 9 26 Data 29 16
Data 10 29 Data 30 22
Data 11 13 Data 31 31
Data 12 22 Data 32 45
Data 13 60 Data 33 32
Data 14 88 Data 34 13
Data 15 29 Data 35 44
Data 16 19 Data 36 73
Data 17 25 Data 37 28
Data 18 16 Data 38 22
Data 19 22 Data 39 47
Data 20 19 Data 40 41

Average Time Differences: 31.3 ms

Time Differences Data Transmission from ESP32 to
Firebase and Kodular App

Time Differences

20 25

Data

30 35 40 45

—e— Time Differences (ms)

Fig. 13 Graph of sending data by time



Based on Figure 13, the average data transmission time
from the node to Firebase was determined to be 31 ms. These
figures provide insights into the efficiency and speed of data
transfer between the node and the Firebase platform.

F. Egg Incubator System

Figure 14 is an actual photograph of the egg incubation
system device or prototype product with dimensions of 64 cm
x 94 cm and a height of 115 cm. The total egg capacity within
the egg incubator box is 500 eggs, with each of the five
shelves having a capacity of 100 eggs.

Fig. 14 Monitoring mobile application display

G. Data System Application

Figure 15 depicts the mobile application's user interface for
monitoring the egg incubator system. The interface provides
a comprehensive display of various parameters, including
temperature, humidity, and other relevant information. Users
can easily access and monitor the real-time status of the
incubator, enabling effective oversight and control of the
incubation process. The intuitive design and clear
visualizations enhance the user experience and facilitate
efficient management of the egg incubation system.
Researchers develop mobile app systems instead of mobile
applications due to Portability and Easy Access, Direct
Notifications, Responsive User Interface, and Security.
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IV. CONCLUSION

The findings indicated that an Internet of Things (IoT)-
enabled egg incubator with a PID control system achieves
stability in maintaining the desired temperature and humidity
levels. The recorded temperature remains steady at the set
point of 38°C, while the measured humidity hovers around
80%. The motor's capability to rotate the incubator rack
ensures even heat distribution and creates ideal conditions for
egg development. The motor controls the rack in the egg
incubator every three hours. The microcontroller's capability
to transmit data to Firebase through a Wi-Fi-based IoT
architecture enables real-time monitoring and remote access
to crucial information. The visualization of data in the
application enhances user convenience and facilitates
informed decision-making in managing the incubation
process. The research demonstrates the effectiveness and
potential of integrating IoT, PID control, and data
visualization in optimizing egg incubation processes.

Future work in egg incubation systems involves the use of
Al and machine learning to develop more innovative and
adaptive PID algorithms. Gathering and analyzing more
extensive data sets to enhance our understanding of egg
incubation behavior and aid in better decision-making.
Developing more innovative and adaptive control systems
utilizing technologies like fuzzy logic or neural networks.
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