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ARTICLE INFO ABSTRACT

In poultry farming, particularly for Day-Old Chicks (DOC), maintaining
an ideal environmental condition is a significant challenge due to the
limited ability of mother hens to provide adequate warmth and care. This
often leads to a high mortality rate among DOC, especially in broiler
chickens. The research contribution is the development of an intelligent
incubator system based on fuzzy logic to automate environmental control
and reduce DOC mortality rates. The system employs a DHT22 sensor to

Keywords measure temperature and humidity, and an MQ-135 sensor to detect
Day-Old Chick (DOC) ammonia levels. An ESP32 microcontroller is used for data processing,
ESP 32 chosen for its built-in Wi-Fi capability and high processing power. The
MQ-135 DHT?22 sensor controls a fan and UVA+UVB lamp via an AC dimmer,
DHT22 while the MQ-135 sensor controls a DC motor through the L298N driver.
Internet of Things (IoT) Technology The fuzzy logic method is applied to make more accurate control

decisions, and the entire system is connected to an IoT-based monitoring
platform that provides a real-time dashboard for farmers. Preliminary
results show that the system successfully maintains temperature within
the optimal range (30-34°C) and humidity (40-70%), and responds
efficiently to changes in ammonia concentration. Compared to
conventional systems, this intelligent incubator offers better automation,
lower energy consumption, and cost efficiency. In conclusion, the
proposed system provides a scalable and efficient solution for DOC
management. Future work includes Al-based prediction integration,
mobile application development, and historical data analysis for smarter
poultry farm management.

This is an open access article under the CC-BY-SA license.

1. Introduction

Indonesia has a strategic geographical location with a majority of its population working in the
agricultural sector, including livestock farming. Animal husbandry plays a crucial role in supporting
national food security by providing essential animal-based protein sources such as meat, eggs, and
milk. These products are vital for meeting the nutritional needs of the population. Therefore, the
development of the livestock sector is a national priority, aiming to ensure the availability of food that
is safe, healthy, whole, and halal (ASUH), while promoting rural economic growth [1]. Among the
livestock commonly raised in rural areas, free-range chickens are valued for their dual purpose—egg
and meat production—as well as a form of economic savings. In addition, livestock such as chickens,
goats, and cattle are essential for cultural and religious events like Fid al-Fitr, Eid al-Adha, and aqigah.
Chicken meat and eggs, in particular, are affordable and accessible sources of animal protein [2].
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Despite its potential, poultry farming—especially for Day-Old Chicks (DOC)—faces serious
challenges. One key issue is the high mortality rate among DOCs caused by improper environmental
conditions, particularly temperature fluctuations [3]. Studies show that the optimal temperature for
DOCs ranges from 30°C to 34°C [4][5]. Temperatures outside this range can be fatal to the chicks.
Given the increasing demand for poultry products, improving DOC survival rates is critical.

Incubators are widely used in poultry farms to replace the role of the mother hen, enabling large-
scale chick rearing. However, many conventional incubators lack automation and require constant
manual supervision. This limitation increases labor costs and the risk of human error [6]. To address
this issue, recent developments have focused on integrating Internet of Things (IoT) technologies into
incubator systems. loT-based incubators offer several advantages, such as real-time monitoring and
control of environmental conditions like temperature, humidity, and ammonia levels [7][8]. These
systems enable farmers to remotely access data and make timely decisions, thereby improving
operational efficiency and reducing DOC mortality. Moreover, loT systems support data logging and
analysis, allowing for smarter and more informed farm management [9].

Despite the benefits of 10T, an effective control system is also essential for maintaining optimal
conditions. Fuzzy logic is chosen in this research due to its robustness in handling imprecise and
nonlinear data, making it more adaptable than traditional methods like PID controllers in real-world
farming scenarios. This research proposes the development of an intelligent incubator system that
integrates fuzzy logic with IoT technology to automatically control environmental conditions for
DOCs. The system utilizes a DHT22 sensor for temperature and humidity monitoring, and an MQ-
135 sensor for ammonia detection, with data processed by an ESP32 microcontroller. Compared to
existing incubators, this system offers improved automation, scalability, and cost-efficiency. In
addition to technical innovation, the system is designed with small-scale farmers in mind—providing
an affordable and sustainable solution that boosts productivity and reduces labor dependency.
Ultimately, this research contributes to improving food security and advancing sustainable poultry
farming in Indonesia.

2. Methods

This study employs an experimental approach through the stages of designing and implementing
a temperature, humidity, and ammonia gas control system based on Mamdani fuzzy logic. The system
is integrated with an IoT platform using the ESP32 microcontroller. The research procedure consists
of system design, hardware assembly, software development, and system testing and performance
analysis. The hardware components include sensors for temperature and humidity (DHT22) and
ammonia gas (MQ-135), interfaced with the ESP32 microcontroller. The software implements fuzzy
Mamdani logic to process sensor inputs and control outputs to maintain environmental conditions
suitable for broiler chicken rearing. Testing was conducted continuously over a 14-day period in a
controlled environment simulating broiler housing conditions. Data collected during testing include
temperature, humidity, ammonia levels, and system responses such as fan speed, lamp intensity, and
motor operation. Performance analysis was carried out by comparing the system’s automated control
outputs against predefined environmental standards for broiler maintenance. The effectiveness of the
fuzzy logic control system in maintaining optimal conditions was evaluated based on stability,
responsiveness, and accuracy of the controlled environment variables.

2.1.Fuzzy

Fuzzy logic differs from conventional binary logic (crisp logic), which only has strictly true or
false values. In fuzzy logic, membership values can range between 0 and 1, allowing fuzzy control
systems to operate like the human nervous system, responding more flexibly to environmental
conditions—something conventional control systems lack [10]. This study uses the Mamdani fuzzy
method with three inputs: temperature, humidity, and ammonia levels, and three outputs: UVA + UVB
lights, DC fan, and DC motor. An example of input-output mapping for the temperature range of 25°C
to 35°C is as follows: temperatures below 27°C trigger the UVA + UVB lights to turn on for heating,
temperatures between 27°C and 31°C activate the DC fan at medium speed to maintain coolness, and
temperatures above 31°C increase the speed of the fan and DC motor for maximum cooling. The
Mamdani method was chosen due to its ability to model rule-based control systems that are easy to
understand and implement, with outputs in the form of fuzzy functions that are intuitive and easy to
interpret directly. Unlike the Sugeno method, which is more suitable for mathematical optimization
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and systems with linear output functions, Mamdani is more appropriate for control applications based
on human experience or rules, such as environmental regulation in broiler chicken coops.

2.2.Internet Of Things

The Internet of Things (IoT) refers to objects that can transfer data over a network without
requiring direct human interaction. In this system, the ESP32 microcontroller enables seamless loT
connectivity by supporting Wi-Fi communication, allowing real-time data transmission and remote
monitoring of environmental conditions. The ESP32 can use protocols such as MQTT and HTTP to
efficiently send sensor data (temperature, humidity, ammonia) to cloud platforms or user interfaces,
enabling automated control and data analysis. Thus, [oT integrates smart devices to recognize and
communicate with each other, creating an interconnected environment for optimized broiler chicken
coop management [11]-[13].

2.3.Broiler Chicken

Broiler chickens (meat chickens) are categorized as chickens with the advantage of being able to
convert the feed they consume into meat efficiently. Due to this advantage, broiler chickens are
generally ready for harvest at around 28 to 45 days of age, with an average body weight ranging from
1.2 to 2 kg per bird. These chickens are widely consumed by the public as a daily food source. The
ideal brooding temperature for broiler chicks during the brooder phase ranges between 30-32°C[14].

2.4.ESP 32

The ESP32 is a microcontroller developed by Espressif Systems and serves as the successor to the
ESP8266 microcontroller. It features a dual-core processor, built-in Wi-Fi and Bluetooth connectivity,
and low power consumption, making it ideal for loT-based control systems that require wireless
communication and efficient multitasking. All GPIO pins are labeled on the top of the board, making
them easy to identify and connect to various sensors and actuators. Programming is simplified through
the USB to UART interface, which is compatible with development platforms such as the Arduino
IDE. Power can be supplied via a micro USB connector [15]. In this system, the ESP32 was selected
due to its high performance, integrated wireless features, and affordability compared to other
microcontrollers. The GPIO pins used include GPIO4 for the DHT22 sensor (temperature and
humidity), GPIO34 for the MQ-135 gas sensor (ammonia), GPIO18 for controlling a DC fan, ,GPIO19
for the DC motor, and GPIO23 for the UVA+UVB lamp dimmer.

2.5.DHT 22

The DHT22 is a digital temperature and humidity sensor that provides accurate and stable
measurements, making it suitable for environmental monitoring applications. It operates within a wide
temperature range of -40°C to 80°C with an accuracy of £0.5°C, and can measure humidity from 0%
to 100% with an accuracy of £2-5%. Compared to similar sensors like the DHT11, the DHT22 offers
better precision, a broader range, and greater long-term stability. Its digital output simplifies data
acquisition using microcontrollers, as it requires only one GPIO pin for communication, reducing
wiring complexity and improving system integration efficiency

2.6.MQ-135

The MQ-135 gas sensor is chosen for its ability to detect harmful gases such as ammonia (NHs),
carbon dioxide (C0,), and volatile organic compounds (VOCs), making it suitable for monitoring air
quality in broiler chicken farms. It offers high sensitivity, long-term stability, and easy integration
with microcontrollers like the ESP32 for real-time loT-based monitoring [16]-[20]. To ensure accurate
readings, the sensor must be calibrated by determining its baseline resistance (R,) in clean air,
measuring the resistance (Rg) when exposed to target gases, calculating the R /R, ratio, and
converting it to gas concentration using a calibration curve or mathematical model.

3. Results and Discussion

3.1. Flowchart System

In Fig 1, the flowchart begins with selecting the mode type that has been provided. Then, the
DHT22 sensor will read the temperature in the incubator according to the selected mode. If the
temperature in the incubator is normal, the UVA + UVB lamp will light dimly and the DC fan will
turn on. However, if the DHT22 sensor reads a temperature above the predetermined limit, the UVA
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+ UVB lamp will turn off and the DC fan will remain on. If the temperature is read as cold by the
DHT22 sensor, the UVA + UVB lamp will also be turned off. The temperature value read by the
DHT22 sensor will be sent to the LCD, which can be viewed by the farmer. The MQ-135 sensor is a
sensor that can detect odors from chicken waste. If the odor from the waste reaches the predetermined
set point value, the DC motor will turn on according to the specified program. The MQ-135 sensor
readings will also be sent to the LCD.
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Fig. 1. Flowchart System

3.2. Wiring Diagram

In designing a fuzzy-based incubator system to reduce DOC (Day Old Chick) mortality, several
electronic components are used to ensure proper function. Fig. 2 shows the wiring diagram with the
input and output connections for the ESP32 microcontroller. The ESP32 acts as the main controller.
Inputs include the DHT22 sensor for temperature and the MQ-135 sensor for ammonia gas. The
DHT22 sends temperature data to the ESP32, which controls the UVA+UVB lamp and DC fan.

|
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Outputs include a DC fan, UVA+UVB lamp, and DC motor. When temperature and humidity reach
their set points, the fan and lamp will turn on. If ammonia levels exceed the limit, the DC motor
activates. All sensor data is displayed on an LCD screen.

Fig. 2. Wiring Diagram

3.3. Prototype Design

The device has a wooden frame and several parts, each with its own function. A component box
protects the electronics and keeps things tidy. The front is clear acrylic with a wooden frame, used as
a door. The bottom has wire mesh so chicks don’t touch the waste. The back and top are made of
wood. Underneath, a conveyor helps remove waste easily. The design is made to work well and be
practical to use. The incubator chamber measures 100 x 50 cm, providing sufficient space for the
chicks during hatching can be seen in Fig. 3. Plywood (triplek) is selected as the main material for the
frame due to its relatively low cost compared to solid wood, making it more economical. Additionally,
plywood has favorable thermal properties, as it does not excessively retain heat generated by the
incandescent lamp. This helps maintain a stable temperature inside the incubator while also supporting
humidity regulation, making it suitable for controlled hatching environments can be seen in Fig 4.

Fig. 3. 3D Design Optimization of DOC (Day Old Chick) Incubator Design to Reduce Mortality Rate Using
Fuzzy Logic

[
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Fig. 4. Prototype Optimization of DOC (Day Old Chick) Incubator Design to Reduce Mortality Rate Using
Fuzzy Logic

3.4. Website Design for Optimizing the DOC (Day Old Chick) Incubator to Reduce Mortality
Rate Using Fuzzy Logic

A website can be customized in layout, images, videos, and content. It is a common tool for sharing
information and can also serve as a virtual communication platform [15]. A dynamic website has
changing content, while a static website shows the same content without updates. In this study, the
website is designed as a dynamic platform that retrieves data from the incubator every second. The
data, which includes temperature, humidity, ammonia levels, and power consumption, is transmitted
to a database in real time. This allows users to monitor and visualize the environmental conditions of
the incubator directly through the website can be seen in Fig. 5.

TNy T L

MONITORING ON DOC CHICKEN INCUBATOR

Optimization Thraugh Design struction of DOC Chicken Incubators to Reduce

Fig. 5. Website Design for Optimizing the DOC (Day Old Chick) Incubator

3.5. Fuzzy Calculation

The Mamdani fuzzy calculation is carried out by converting crisp inputs into membership degrees
using membership functions, then applying IF-THEN rules based on fuzzy logic, performing inference
using MIN and MAX operators, and finally defuzzification—usually with the centroid method—to
produce a crisp output as the final decision result can be seen in Fig. 6 and Fig. 7. Result can be seen
in Table 1 and Table 2.

E———— ]
Adi Kurniawan Saputro (Optimization Day Old Chick Incubator Design to Reduce Mortality Rate Using Fuzzy Logic)



ISSN 2714-6677
Vol. 7, No. 1, 2025, pp. 63-71

Signal and Image Processing Letters

69

Fuzzification
_(x — a); <x<b
) =4(b-a)
0; x<¢c
Inference
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Defuzzification
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Table 1. Rule Base
Variable Set Domain Universe Of Conversation
Cool 28,295, 31
Temperature = Normal 30, 32, 34 28-36°C
Hot 33, 34,5, 36
Dry 40, 47,5, 55
Input Humidity Ideal 50, 60, 70 3-60 %
Wet 65, 72,5, 80
Low 0,75, 15
Ammonia _ Currently 10, 20, 30 0-40 ppm
Tall 28, 34, 40
Low 0 20, 40
Fan DC Normal 35, 122,5,210 1-255%
Fast 200, 227.5, 255
Dim 1,28, 55
Output Lamp Normal 52,116, 180 1-255%
Bright 170, 210, 250
Stop 0, 20,40
Motor DC Normal  35,117.5, 200 0-255%
Fast 190, 227.5, 255

Fig. 6. Laying Hen Doc
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Fig. 7. Graphic Temperature, Humidity, Ammonia

Table 2. Temperature Data in The Chicken Incubator Room

Day Temperature (°C) Humidity (%) Ammonia (ppm)

1 30 70 0.4
2 31 73 0.38
3 30 70 0.38
4 30,1 70 0.38
5 30 71 0.37
6 30,5 72 0.36
7 30 70 0.36
8 30,3 71 0.36
9 30 70 0.32
10 30 69 0.36
11 30 69 0.36
12 31 70 0.37
13 31 71 0.36
14 31 70 0.42

4. Conclusion

Based on the design and testing, the developed automatic chick incubator successfully maintains
temperature stability within a controlled range of 30°C - 34°C by automatically adjusting the
incandescent lamp through dimming or switching. Humidity is also effectively regulated by
modulating fan speed in response to sensor input. The system’s manure conveyor is automatically
activated when ammonia levels exceed 10 ppm, ensuring consistent cleanliness within the chamber.
Furthermore, the automated partition movement helps reduce stress and improves feed accessibility
as chicks grow, especially in space-limited environments.

This system addresses the initial objective of reducing DOC (Day-Old Chick) mortality and labour
dependency by automating key environmental controls. The integration of temperature, humidity, and
waste management replicates the conditions normally provided by a brooding hen. Initial trials
indicate improved chick behaviour, lower stress indicators, and a cleaner hatching space, though
precise mortality rate reductions require longer-term observation. Despite these successes, some
limitations remain, including dependency on stable power supply and potential accuracy drift in gas
sensors over time. Future improvements may include solar power integration, mobile app-based
remote monitoring, and scalability for different capacities. In conclusion, this automatic incubator
system offers a promising solution for small-scale poultry farmers, reducing operational workload and
improving DOC survival conditions through low-cost, intelligent automation.
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