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1. INTRODUCTION

Temperature monitoring and control can be found in broad daily activities both in industries and
domestic. In general, temperature control in various areas could be a heating or cooling process, for example
temperature control for cooling an electric panel [1] and storing fresh food in [2]. An incubator is a common
heating equipment that can be used in everyday life processes such as for hatching poultry eggs [3], [4],
newly born baby care [5], biotechnology process [6], and so on. Food should be preserved in proper
temperature and humidity both in the processing and in the storage phase in order to minimize germ and
bacteria in the food as well as maintaining food quality variables [7]-[9]. The heating process for the food is
able to prevent the growth of bacteria however too high temperature applied to the food will cause nutrition
loss such as studied in [10]-[12] and similar research results.

Heating food is common practice in society in order to keep food still in a good condition and tasty.
The temperature of the incubator or oven has to be designed properly so that it does not degrade the quality
of the food. Specific food needs temperature level and heating duration in order to maintain its quality as
reported by researchers for example for meat-based food [13], nuts [14], and other food types. The
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temperature will affect the interaction of the food content such as protein, sugar, lipid and other components
so that improper temperature applied to the food will affect or even to decrease the food quality [15], [16].
The higher temperature in the food processing the higher the probability of thermal damage of the food
nutrition [17]. Besides temperature level, the heating duration also has to be considered because food may
still be good quality when it is heated in high temperature but in very limited time [18].

Conventional incubators proposed by researchers for example in [19]-[22] were applying manual
control which means that the temperature level and heating duration was only can be set directly to incubator
manually. For ordinary people, this condition could be risky that the food will not be properly heated both its
temperature level or duration which potentially can degrade the food quality as suggested in [23], [24]. An
incubator which has an automatic heating mechanism based on food type will help ordinary people to heat
food appropriately. The development of such incubators by researchers is still limited. This article proposes a
general incubator or oven which has manual and automatic heating processes. It is equipped with a
recommender system that uses a camera to detect food type and then determine the required temperature
level and heating duration. The use of computer vision for food detection was also proposed in [25]. The
developed incubator system is equipped with a voice stating the name of the detected food to assist users.
Furthermore, the developed system has telemonitoring and telecontrol using internet of things (IoT)
technology since it has been frequently incorporated in the monitoring and control for various applications
such as proposed in [26]-[29] so that the controlled variables can be monitored and controlled remotely. The
automated heating feature is potentially able to ensure the food to be heated properly at both its temperature
level and heating period so that it can promote both safety and convenience for people.

2. METHOD
2.1. Proposed system

The developed food incubator system consists of three main parts namely input, process, and output,
which are integrated with each other to produce automatic incubation with temperature and time settings
based on visual object classification. Figure 1 shows the arrangement of these three main parts. In the input
part there are three main components involving camera, temperature sensor, and push button. The OV5647
camera was chosen for capturing food images and sending them to the Raspberry Pi Zero 4 for classification
using the vision-based object detection method. For temperature detection, the developed system used a non-
contact temperature sensor of GY-906-DCI unlike the temperature sensor used in [30]. The GY-906-DCI
sensor reads the food temperature in real-time. The use of a non-contact temperature sensor in the developed
system facilitates healthier food processing compared to using contact temperature sensor in other researches
for example used in [31]. The developed system is also equipped with push buttons which are used for
manual control such as starting or stopping the process.
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Figure 1. Block diagram representing general design of the developed incubator system

In the process part there are various main components including Raspberry Pi microcomputer,
NodeMCU microcontroller, dimmer, relay, and power unit while the output part of the developed incubator
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system consists of components including solenoid for lock the incubator door, light emitting diode (LED) as
indicator, fan, buzzer, and heater. The Raspberry Pi Zero 4 microcomputer receives the data from the
OV5647 camera and then computes them to detect the type of the food by applying classification
computation. Raspberry Pi is a popular minicomputer which has been used for various applications such as in
monitoring the temperature of a room [32]. The classification results of the Raspberry Pi Zero 4 then are sent
to the NodeMCU ESP32 microcontroller via universal asynchronous receiver-transmitter (UART). Based on
this data, the NodeMCU ESP32 microcontroller then give commands including: i) determines the target
temperature and incubation time, ii) controls the positive temperature coefficient (PTC) air heater as the
actuator via the AC light dimmer, iii) activates the 12 V DC fan, and iv) lock the door using solenoid lock for
incubation room security.

The developed incubator system uses a 12 V DC power supply that is stepped down to 5 V via a
step-down module. The NodeMCU ESP32 is connected to the internet via wireless data communication of
2.4 GHz with standard IEEE 802.11 by using wireless-fidelity (Wi-Fi) equipment, which allows sending and
receiving data to and from the Telegram bot as a remote interface. Distance monitoring is a very important
feature in modern applications since it can ease people to monitor something without coming to the location
physically and it has been applied for various areas for example in electric power of home appliances control
[33]. Wi-Fi is a popular data communication in the IoT application such as in [34], [35]. The use of Wi-Fi
and internet for connectivity facilitating distance monitoring control with a much larger area compared to the
use Bluetooth data communication proposed in [36]. Telegram bot provides real-time notifications covering
food classification, temperature, remaining incubation time, and when the incubation process is completed.
The system is also equipped with a buzzer as an alarm, a 20x4 liquid crystal display (LCD) to display
temperature, time, and status offline.

2.2. Closed loop temperature control of the incubator

In general, the temperature control can be performed by using an open-loop control system such as
proposed in [37] and closed control system. Closed loop control systems provide advantages including its
stability and steady state error. The developed incubator system employs a closed-loop control for
temperature control using proportional integral derivative (PID) control. Figure 2 shows the closed loop
control principle of the developed incubator system.

Targeted |+ ,~e | NodeMCU ESP32:
temperature "O* PID control _’I Heater H Incubator

GY-906-
DCI sensor

r

Figure 2. Closed loop temperature control using PID control applied in the developed system

The PID control used in the developed system has three main components namely the proportional
constant (P), the integral constant (I), and the derivative constant (D). Each constant contributes to the speed,
accuracy, and stability of the system's response to temperature changes. The PID control offers a simple
control mechanism where the three PID variables can be set by using trial and error method without using
advanced mathematical formulas. The PID control has satisfying performance in various application areas for
example DC motor control in [38], industrial temperature monitoring of hot liquid tank [39], and temperature
control of a fuel cell stack [40]. Mathematically, the PID control signal is formulated in (1), where u(t) is a
control signal (in the developed incubator system is the pulse width modulation (PWM) signal in the form of
voltage sent to heater as the actuator, 0—-100%), e(t) is difference between the targeted and actual
temperatures, K, is the proportional constant, K; is the integral constant, and Kj; is the derivative constant.

u(t) = Kye(t) + K; fote(t)dt + K, dz(tt) "

This formula dynamically calculates the voltage level and in turn the power that must be supplied to
the heater as the actuator based on the difference between the target temperature and the actual temperature.
For example, in the initial condition when the temperature of the food object is still 27 °C and the target
temperature is 40 °C, the difference value equal to 13 °C was used to calculate the control signal. With the
predetermined PID constants of KP=2.5, KI=0.2, and KD=1.2, the system produces a power output of

Bulletin of Electr Eng & Inf, Vol. 15, No. 2, April 2026: 1018-1032



Bulletin of Electr Eng & Inf ISSN: 2302-9285 a 1021

approximately 67.1%. This calculation allows the system to respond adaptively to temperature changes
gradually and steadily, while minimizing errors (overshoot) in the heating process.

2.3. Hardware design

The electronic hardware circuit for the developed incubator system is depicted in Figure 3. The
system circuit demonstrates the integration between the ESP32 as the main controller and the Raspberry Pi 4
as the image processor in the object detection phase. Four buttons (SELECT, UP, DOWN, and MODE) serve
as manual feature selection control, with a 20x4 12C LCD displaying the device status, and a buzzer as an
alarm signal.
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Figure 3. Wiring diagram of the hardware electronic circuit

The flow of electric current to the PTC air heater was controlled by using an AC light dimmer, with
the heat intensity produced by the PTC air heater was gradually adjusted using a PWM signal of the
NodeMCU ESP32 microcontroller which is determined by using the PID control value. Air circulation inside
the incubator room distribution is assisted by a 12 V DC fan to ensure temperature level homogeneity across
the room. LEDs serve as visual indicators and solenoid door lock is used for automatic locking. Sound
notifications are provided by the DFPlayer Mini and a speaker. The main power source comes from a 12 V
AC-DC adapter, stepped down to 5 V with a buck converter for the ESP32 and Raspberry Pi 4, while the
220 V AC voltage is directly used by the heating element via a dimmer. In order to protect the heating
process inside the cabin room, the incubator door is locked automatically by using a solenoid door lock when
the heating process is started. The solenoid door lock is controlled via a relay for its safety. A 20x4 LCD
displays temperature, time, and status. A buzzer is used as an end-of-process alarm. A 12 V LED for camera
lighting so that the camera is able to perceive the heated food. A push button is used for manual control
settings. All components are installed in a heat-insulated stainless steel incubation chamber. Component
placement is adjusted to the shape and function of the device.

The developed incubator system was constructed based on a stove oven with a dimension of
29%35.5%34 cm. This oven was then modified to accommodate electronic hardware components without
interfering with the heating function. Figure 4 shows the layout of the main components of the developed
incubator system. An OV5647 camera and a GY-906-DCI sensor are installed inside the incubation chamber
for food classification and temperature reading. The heating process is assisted by a heater and fan, with an
automatic locking system using a solenoid door lock. The LCD, control buttons, and switches are located on
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the front panel, while the component box and 12 V power supply are located at the bottom of the device to
support the entire system.
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Figure 4. Positioning of the electronic hardware components of the developed incubator

2.4. Software design

The software of the developed incubator system consists of two main parts, namely the software of
Raspberry Pi 4 as a visual food detection processing unit and the software of ESP32 microcontroller as the
incubation system control center. The Raspberry Pi 4 is responsible for running food object detection based
on a machine learning model that has been previously trained using the teachable machine algorithm, while
the NodeMCU ESP32 regulates actuator control and monitoring of temperature and incubation time based on
the classification results received from the Raspberry Pi via UART serial data communication. The
NodeMCU ESP32 was programmed by using Arduino integrated development environment (IDE).

The remote monitoring and control user interface was implemented using the Telegram bot platform
which was developed using the UniversalTelegramBot and WiFiClientSecure libraries on the NodeMCU
ESP32 to connect the incubator to the Telegram bot while in Telegram mode. It allows users to access and
control the developed incubator system in real-time via mobile devices. Telegram bot is an open application
to be used for distance monitoring for example for lighting monitoring in [41]. After successfully connecting
it to the Wi-Fi network, the NodeMCU ESP32 displays system status information via the LCD display and
simultaneously begins listening/waiting for commands from the user via Telegram application.

On the NodeMCU ESP32 microcontroller side, the software was developed by using the Arduino
IDE, a multipurpose software development environment which can be used not only for Arduino board
families but also other boards such as board used in [42]. The program is divided into several classes
according to their functions, making it more structured and modular. For example, the DeviceControl class is
used to control the fan, buzzer, and solenoid; DisplayManager to manage the menu display on the LCD;
TelegramHandler for communication with the Telegram bot; and TempController which implements the PID
control algorithm to dynamically regulate the heating temperature based on the target temperature. The
output of the PID control algorithm is converted into a control signal for the Robotdyn AC Dimmer module,
which regulates the heating power through phase control.

The AUTO mode of the developed system allows automatic temperature and incubation time
settings based on the food type classification results by the Raspberry Pi 4. Food detection is carried out in
real-time using an OV5647 camera with you only look once (YOLO) algorithm and the OpenCV library
which was then processed by using a food classification model in TensorFlow Lite (TFLite) format. YOLO
and TFLite provide acceptable performance when applied in object detection such as proposed in [43], [44].
The general object detection computation step is as follows. First, for every food, samples of food photos
were taken and stored in a database for the training phase. After the training is completed, the system is able
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to recognize the food. In the detection process, Raspberry Pi 4 sends the detection results in the form of food
names and confidence scores to the NodeMCU ESP32 via UART serial data communication in JavaScript
object notation (JSON) format. Based on this data, the NodeMCU ESP32 sets the appropriate temperature
and incubation duration value. The combination between the Raspberry Pi as a visual detection unit and the
NodeMCU ESP32 as an actuator controller forms an efficient and adaptive incubation system according to
food types.

2.5. System testing

System testing aims to evaluate the accuracy and reliability of the main components of the
developed incubator system. There are two test phases namely calibration testing and all functional testing.
Calibration testing is intended to determine the inaccuracy of the developed incubator system compared to a
commercial instrument used by society. In the calibration testing, testing was conducted for the temperature
measurement part using the GY-906-DCI temperature sensor, and the object detection part using the OV5647
camera. In the testing, the object detection using the OV5647 camera was tested by comparing its detection
results to the original object to assess its image accuracy. Moreover, the temperature measurement results of
the developed incubator using GY-906-DCI sensor was compared with the measurement results of a
commercial instrument in the form of a thermogun device. The difference between these measurement values
was calculated by using (2)-(4) which was then known as an inaccuracy where A is the difference value, A is
the value read by the developed system, R is measurement value read by the commercial reading instrument,
A(%) is difference value in percent, Agperqge (%) is the average of difference in percent, }; A(%) is the sum
of all difference value in percent for all test performed, and n is the number of test performed. The average
difference value (A4perqge (%)) in calibration testing for each part is used to evaluate the overall inaccuracy
of the developed incubator system, the lower Agyerqqe (%) means the lower inaccuracy which shows the
higher reliability.

A=A-R ©)
A(%) = (%) x 100% 3)
AAve‘rage (%) = @ (€]

3. RESULTS AND DISCUSSION
3.1. Bot Telegram interface display

The developed system used Telegram bot mobile phone application for inputting temperature
control parameter which is facilitating remote controlling compared to using manual input using keyboard
used in [45]. Figure 5 shows the sample of interface of the Telegram bot used in the developed incubator
system (it was developed in Bahasa Indonesia) where Figure 5(a) shows Telegram bot interface display (was
developed in Bahasa Indonesia) and Figure 5(b) shows feature for distance temperature and timer control
manually. Telegram bot is used to monitor food temperature, incubation process status, and remotely control
the system. Through commands such as start/stop, status, and settings, users can view information on the
actual temperature, remaining incubation time, and heating power. Commands also allow users to manually
set incubation parameters via the Telegram bot on their mobile phone without having to be present in person.
The system will send an automatic notification when the incubation process is complete, making it easier for
users to monitor and control in real time from anywhere.

The Telegram bot interface was configured with interactive buttons (custom keyboard) for choosing
available menus involving status of the system, settings, heater control, and help. These menus allow users to
monitor the temperature, set the temperature and timer, and activate or stop the heating process directly. Each
command will be answered by the system by sending instant response information, including temperature
status, heater power, and remaining time. After the /start command is sent, the user will see the main menu
consisting of system status, settings, heater control, and help. The system status menu displays real-time
information on the actual temperature, target temperature, heater power, and incubation time. When the
process is complete, the system sends an automatic notification containing the final temperature of the food.
Through the settings menu, users can change the target temperature and heating duration by responding to
commands in a numeric format. Meanwhile, in the heater control menu, users can manually turn the heater on
or off with a single click of a button.
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Figure 5. User interface view: (a) Telegram bot interface display and (b) controlling temperature and timer
manually

3.2. Testing result
3.2.1. Calibration testing: food object detection

This test was conducted to assess the system's ability to recognize food types. In the test, the food is
placed inside the incubator room, then a food detection process is started. The system should display the
detection results, including the food name and confidence score, and then send the data to the ESP32 via
UART serial data communication (the name of food is in Bahasa Indonesia). There are twelve types of food
used in the test of the developed incubator system. Figure 6 shows the sample of food detection results of the
developed incubator system: Figure 6(a) shows fried chicken detection and Figure 6(b) shows fried noodle
detection. Table 1 summarizes food object classification testing results for all twelve foods.

(xm621, y=35) ~ R98 G:104 B:134

(2)

Detection: WAITNGEIRS

gy

(b)

Figure 6. Display of the food detection results for fried chicken (the user interface is in Bahasa Indonesia):
(a) fried chicken detection and (b) fried noodle detection

Table 1. Food object detection testing results

No. Food object Results sent to ESP32  Parameter setting  Response time (second)  Accuracy score (0-1)
1. Fried chicken Success Success 9.16 0.988
2. Floured fried chicken Success Success 8.92 0.957
3. Geprek chicken Success Success 9.17 0.737
4. Fried noodle Success Success 8.95 0.981
S. Boiled noodle Success Success 891 0.824
6.  Spinach soup Success Success 8.95 0.773
7. Tamarind vegetable soup Success Success 9.14 0.874
8. Chicken soup Success Success 9.22 0.759
9.  Chicken opor Success Success 9.07 0.781
10.  Fresh milk Success Success 8.93 0.968
11.  Coffee Success Success 9.01 0.951
12. Chocolate Success Success 9.20 0.829

Average 9.05 0.869
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The test was performed for evaluating the system's speed and accuracy in classifying twelve food
items. The experiment results in Table 1 showed that all objects were successfully recognized and their data
was sent to the ESP32. The average response time was recorded at 9.05 seconds, with a narrow range of
8.93-9.22 seconds, indicating stable system performance. The highest accuracy was achieved by "Fried
chicken" (0.983), while the lowest was achieved by "Greek chicken" (0.737), with an average accuracy score
of 0.869. These results indicate the system is reliable enough for automatic detection in the food incubation
process.

3.2.2. Calibration testing: temperature measurement testing

This test was performed to measure the inaccuracy of the temperature measurement based on the
GY-906-DCI temperature sensor in reading food surface temperatures. The test was conducted by performing
a heating process and then comparing the readings of the developed incubator system to that of a commercial
instrument and then the difference values were calculated by using (2)-(4). The test was conducted ten times.
Table 2 summarizes the calibration testing results for temperature measurement. The results showed that the
average difference between the sensor and reference device values was 1.05 °C, with an average error value
of 2.28%. The highest error was recorded at 4.35% and the lowest at 0.72%, which is still within the
tolerance limits of non-contact temperature measurements for monitoring purposes. It can be seen that it
reflects the consistency and accuracy of the sensor readings. These results strengthen the claim that the
GY-906-DCI is able to provide reliable temperature data under actual operational conditions. With this
performance, this sensor is suitable for use as a temperature monitoring component in an IoT-based
automatic incubation system.

Table 2. Calibration testing results of temperature measurement: commercial instrument vs GY-906-DCI-
based developed system

No. Commercial instrument (°C)  Developed system (°C) A (°C) A (%)
1. 36.8 384 1.6 4.35

2. 38.2 39.8 1.6 4.19

3. 41.6 419 0.3 0.72

4. 43.1 43.5 0.4 0.93

5. 45.6 45.1 0.5 1.10

6. 47.8 47 0.8 1.67

7. 50.5 49.4 1.1 2.18

8. 52.5 51.1 1.4 2.67

9. 554 53.1 2.3 4.15

10. 56.1 55.6 0.5 0.89
Average 1.05 2.28

3.2.3. Testing of solenoid door lock actuators, fans, and liquid crystal displays

This test was conducted to ensure that the solenoid door lock actuator, DC fan, and LED can operate
according to commands from the ESP32 microcontroller and to evaluate the actuator's response speed to
system commands when the incubation process begins and ends. The solenoid is tested by commanding the
system to lock and unlock the incubation chamber door. The DC fan is tested by automatically activating air
circulation during the incubation process. The LED was tested as a visual indicator that shows system status,
such as active or completed processes. Every command sent via the Telegram bot or manual button was
observed to ensure the actuator responds as intended. Table 3 shows the testing results for actuators. The
results suggested that all actuators (solenoid, fan, and LED) were successfully turned on when the process
began and then turned off again when the incubation process ended. Response times were recorded as quite
fast and consistent, with the solenoid having the fastest time at 0.6 seconds, while the fan and LED each had
a response time of 0.82 seconds. The overall average response time was 0.75 seconds. This demonstrates that
the system is capable of providing real-time and responsive actuator control, which is important for
maintaining the stability of the heating process and the safety of the equipment.

Table 3. Solenoid, fan, and LED testing results
No. Actuator  Start heating  End heating  Response time (s)

1 Solenoid On Off 0.6
2. Fan On Off 0.82
3 LED On Off 0.82

Average (s) 0.75
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3.2.4. DFPlayer mini module testing

The test was conducted to ensure the DFPlayer Mini module could play audio pronunciations of
food names, as an audio notification upon successful food object classification. The DFPlayer module was
controlled by a NodeMCU ESP32 microcontroller via serial communication using pre-programmed
commands. Testing was conducted by sending audio file playback commands through both automatic and
manual scenarios. System response was observed to ensure the DFPlayer could read files from the microSD
card and produce audio output through the speaker. Table 4 presents the test results of the voice feature in
naming food detected by the developed incubator. It can be noted from the test results that all audio files
played correctly and output sound smoothly. Response times range from 5.25 to 6.15 seconds, with an
average of 5.90 seconds, indicating an acceptable lag time for the system's audio notification requirements.
File compatibility and sound playback reliability support this feature.

Table 4. Voice feature for recognizing food using Dfplayer Mini testing result

No. Food Prepared audio file  Played audio file  Voice out Response time (s)
1. Fried chicken 001.mp3 Correct Correct 6.03
2. Floured fried chicken 002.mp3 Correct Correct 5.96
3. Geprek chicken 003.mp3 Correct Correct 5.25
4. Fried noodle 004.mp3 Correct Correct 6.10
5. Boiled noodle 005.mp3 Correct Correct 6.06
6. Spinach soup 006.mp3 Correct Correct 543
7. Tamarind vegetable soup 007.mp3 Correct Correct 6.15
8. Chicken soup 008.mp3 Correct Correct 5.86
9.  Chicken opor 009.mp3 Correct Correct 5.75
10.  Fresh milk 010.mp3 Correct Correct 5.98
11.  Coffee 011.mp3 Correct Correct 6.13
12. Chocolate 012.mp3 Correct Correct 6.09

Average (s) 5.90

3.2.5. Telegram bot testing

Testing was conducted to ensure that the Telegram bot functioning well as a remote communication
interface between the user and the system. The primary focus of the testing was the system's response to
various commands. Each command was tested by observing the system's response, including response speed,
accuracy of displayed information, and successful execution. Automated notifications, such as final
temperature information or process completion, were also tested to ensure they were delivered in a timely
manner and that the message content reflected actual conditions. Table 5 outlines the test results of the
Telegram bot feature of the developed incubator. The test results showed that every command sent by users
via Telegram was successfully processed by the developed system, from viewing status and setting
parameters to controlling the incubation process. The average system response time to commands was 1.80
seconds, with the fastest response occurring for the "Set Temperature" command (1.1 seconds) and the
slowest for the "Return to Menu" command (2.84 seconds). Despite variations in response times, the overall
system demonstrated responsive and reliable performance for [oT-based control.

Table 5. Telegram bot testing results

No. (;;IZ;I;ZH; 5;‘;;21.(;;1 Main function System response %T;I; ozlss)e

1. Status Sistem (System To view the current status of ~ Displays temperature, heating power, and 1.5
status) the incubator system timer data

2. Kontrol Pemanas (Heater ~ To enter the heater start/stop Displays the heater start/stop menu 2.46
control) menu

3. Mulai Pemanas (turn on To give the command to start ~ The incubator begins the incubation 2.57
the heater) the incubation process process

4.  Hentikan Pemanas (turn To give the command to start ~ The incubator stops the incubation 1.42
off the heater) the incubation process process

5. Kembali ke Menu (back To return to the main menu Displaying the main menu 2.84
to the menu)

6.  Pengaturan (Setting) To enter the set temperature Displays the set temperature and set timer 1.5

and set timer menu menus

7. Set Temperatur To set the target temperature ~ The system changes the target 1.1
(Temperature setting) temperature according to the input

8. Set Timer (timer setting) To set the incubation timer The system changes the incubation timer 1.2

according to the input
9. Bantuan (help) To display the usage guide Displays the usage guide 1.59
Average (s) 1.80

Bulletin of Electr Eng & Inf, Vol. 15, No. 2, April 2026: 1018-1032



Bulletin of Electr Eng & Inf ISSN: 2302-9285 a 1027

3.2.6. Automatic temperature control testing

Maintaining temperature stability is crucial for maintaining nutritional value. For example, vitamin
C in vegetables begins to degrade significantly at temperatures above 70 °C (losing>50% at 80 °C) [46]. The
automatic temperature control test was conducted to evaluate the developed incubator system's performance
in automatically regulating the incubation room temperature using a PID control method. Testing was
conducted to assess the system's effectiveness in maintaining temperature stability during the automated
incubation process. The test was conducted by running the incubation process and then monitoring
temperature changes periodically until the incubation process was complete. The target temperature was set
at 45 °C, and monitoring was performed periodically every two minutes for 18 minutes. Table 6 summarizes
the automatic temperature control testing results. It can be seen that at the 2" minute, the food temperature
was still quite far from the target (40.1 °C), with a difference of 4.9 °C and an error of 10.89%. However, the
PID-controlled system was able to progressively reduce the difference until it approached the target
temperature at the 8th minute. After the 10th minute, the temperature stabilized at around 45.5 °C with an
average difference of only 0.5-0.6 °C or equal to from 1.11-1.33%. The overall average temperature
difference was 1.23 °C or equal to 2.74%, indicating the system's performance was acceptably accurate and
responsive in adjusting the temperature as needed.

Table 6. Automatic temperature control testing results
No. i-th minute  Actual temperature (°C)  Targeted temperature (°C) A (°C) A (%)

1. 2 40.1 45 4.9 10.89
2. 4 423 45 2.7 6.00
3. 6 44.1 45 0.9 2.00
4. 8 45.1 45 0.1 0.22
S. 10 45.4 45 0.4 0.89
6. 12 45.5 45 0.5 1.11
7. 14 45.5 45 0.5 1.11
8. 16 45.6 45 0.6 1.33
9. 18 45.5 45 0.5 1.11

Average 1.23 2.74

3.3. Discussion

Functionally, the application of the IoT in the developed incubator almost similar to other
applications for example incubator for mushroom cultivation [47] and water quality monitoring [48]. Since
the system was developed by using hardware and software available in the market or open source, the main
difference is in its design, features, hardware components, and software. It was reported that the use of IoT
technology in monitoring and control can potentially improving energy efficiency [49], [50]. Table 7 shows
the comparison of the developed incubator system to other published works.

Table 7. Comparison of the developed system to other previous works

Distance Distance Object-based
No. Authors Temperature sensor Processor monitoring control automatic
feature feature temperature control
1. The GY-906-DCI ESP32 and Raspberry Pi ~ Telegram bot Yes, Yes, camera-based
developed 4 Telegram  food or drink object
system bot detection
2. [19] DS18B20 NodeMCU ESP8266 Blynk platform No No
3. [20] SMT172 32-bit Cortex-M3 MCU  No No No
4. [21] Si7020-A20 and DHT22  Raspberry Pi 4 No No No
5. [22] LM 35 ARDUINO UNO No No No
6. [51] DHTI11 ESP32 Blynk platform No No
7. [52] DHT22 ESP32 Web and mobile No No
application
8. [53] SHTC3 Arduino Nano No No No
9.  [54] DS18B20 and DHT11 NodeMCU 8266 Web Web No

Compared to conventional incubator, the developed incubator system is potentially able to improve
safety in which it can help users minimizing over heating for food which can decrease quality of the food as
well as user convenience where users just put the food inside the incubator and then press the ON button
without need to manually determine the proper temperature and heating duration. The adoption of IoT
technology for monitoring and control of the developed incubator system provides an advantage compared to
conventional incubators in which it enables users to operate the incubator from a distance. It can be seen
from the table that the developed incubator system has unique features namely it has two heating types
namely manual and object detection based automatic heating process while other proposed systems have
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manual heating systems only. Further, from the component choosing, the developed system uses a different
temperature sensor and Telegram bot to other proposed works. This developed system can be enhanced by
employing adaptive PID control like proposed in [55], [56], adding artificial intelligence (AI) in the
temperature control like proposed in [57]-[59] or combination of PID control and Al such as proposed in
[60]. The further development of the system in accordance with the industrial standard is also needed.
Besides for temperature control, more Al algorithms and models also can be applied for food object detection
to result in more accurate detection.

4. CONCLUSION

An incubator for general heating purposes with its unique automatic heating control and distance
monitoring features using loT technology has been successfully developed. The functional test results
showed that the developed incubator worked stably as expected both in manual and automatic heating
mechanism as well as its distance control and measurement features. The calibration testing results showed
that the developed system has closed measurement results with acceptable measurement differences
compared to the measurement results by using a commercial measuring instrument. Testing results of the
heating process for actual food types showed that the developed system was able to detect the food type
correctly and determine its temperature level and heating duration automatically as expected. This will
facilitate ordinary people to heat the food properly without degrading its quality. The limitation of the
developed incubator system is that it was designed for small capacity and tested for twelve food types only.
The developed incubator can be enhanced by applying more advanced temperature control and more
intelligent algorithms for object detection, adding more data sets of food types, and increasing its size and
capacity. Furthermore, the developed incubator should be improved in accordance with the industrial
standard.
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