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Joper (Jowo Super) chicken parents are generally unable to incubate eggs or provide adequate
care for their offspring, making the use of a specialized incubator essential from the hatching
phase to Day-Old Chick (DOC) rearing. One of the primary factors contributing to DOC
mortality is improper temperature adjustment in the heating system. To ensure optimal early-
age development, Joper DOC requires a stable thermal environment within the range of 32°C
to 35°C, depending on the growth stage. This study aims to develop an incubator capable of
maintaining a constant temperature of 32 °C using Cohen-Coon PID (C-C PID) control while
also regulating humidity levels. The proposed incubator integrates an axial fan and an L298N
driver, with the temperature and humidity sensors calibrated prior to use. The calibration results
show measurement errors of 0.59% for temperature and 5.02% for humidity, indicating high
reliability. The application of C-C PID control demonstrates strong performance, characterized
by a short rise time (approximately 225 seconds), an acceptable settling time (around 510
seconds), minimal overshoot (1.56%), and a steady-state error approaching 0%. During a 30-
minute evaluation period, the system successfully maintained a stable temperature at the 32 °C
set point and controlled humidity at below 50% automatically. Furthermore, the incubator
design proved effective in practical use, achieving a 0% mortality rate for Joper DOC.

INTRODUCTION

Joper chickens are the result of crossbreeding between male
kampong chickens and female laying hens [1]. The development
of genetic varieties of Joper chickens is due to market demand for
kampong chicken meat, but the growth of kampong chickens
tends to be slow [2]. Joper chicken has many advantages, such as
they can be produced in large quantities with uniform weight, the
growth rate is faster than native chickens, they have a low
mortality rate, are easy to adapt to the environment, and have the
same taste as free-range chicken [3].

DOC (Day Old Chick) is a chicken aged 1 — 14 days after the egg
hatches. In the animal husbandry sector, chicks that have only
been hatched for up to 14 days must be intensively cared for by
breeders. If care is lacking, the DOC will die, and breeders will
experience big losses. One of the key considerations in DOC care
is regulating the temperature of the coop. Coop temperatures that
do not match DOC requirements will cause death [4][5].

Hatched DOC aged 1 — 7 days requires cage temperatures
between 28°C and 33°C [6][7][8][9], with humidity levels of 30%
to 50% [10][11]. To maintain the coop room temperature,
breeders must check it regularly. Therefore, a special incubator is
required that can automatically regulate temperature and
humidity. To do this, a proper control method is required.
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One of the recommended methods is a PID controller. The
popularity of PID control is related to its good performance and
functional simplicity. A three-mode controller contains
proportional (P), integral (I), and derivative (D) terms to make the
system produce the desired response [12][13]. An engineer can
efficiently obtain these response results through testing or some
simple principles, such as the classical tuning rules proposed by
Ziegler-Nichols (Z-N), or more complex ones using Cohen-Coon
(C-O) [14].

PID is highly flexible for use in various sectors because each
control parameter plays a crucial role in shaping the system
response. Proportional control parameters have the advantage of
a fast rise time and reduced steady-state error, integral control
parameters have the advantage of reducing steady-state error, and
derivative control parameters have the advantage of reducing
overshoot [15][16].

The flexibility of PID control makes it applicable in various areas
of control. For example, research on PID control is used to
regulate the movement of firefighting robots [17]. Other research
uses PID control to regulate thermal variables in pig farming
areas [18], to control autopilot airplanes [19], and to control
motors for various purposes [20][21][22].

Based on several references presented, PID control is an
appropriate method for controlling the temperature of the Joper
DOC incubator. However, this research will focus solely on
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automatic temperature control using a PID controller with the
Cohen-Coon tuning method (C-C PID), based on the First Order
Plus Dead Time (FOPDT) model. Meanwhile, to control
humidity, the DOC incubator is equipped with an axial fan and an
L298N driver without involving C-C PID.

The importance of DOC care methods to avoid the risk of death
and economic losses caused, encourages researchers to design an
incubator based on Cohen Coon (C-C) PID tuning control to
reduce the mortality rate of Joper DOC. This research will focus
on maintaining stable and even temperatures by utilizing a C-C
PID controller, aiming to minimize the mortality rate as much as
possible. In addition, this research is also expected to contribute
significantly to the advancement of joper chicken farming in
Indonesia.

METHODS

Electrical Design and Mechanical Design

The electrical design of the Joper DOC incubator is planned as
shown in Figure 1. Several components are used, including a
special incubator lamp, an axial fan, a DHT22 sensor, an L298N
driver, and an AC light dimmer module, all of which are
controlled by an Arduino Nano microcontroller.

w Driver 298N

Kipas Aksial

AC Light Dimmer

Sensor DIIT22

Figure 1. Electrical Design of DOC Incubator

Based on this figure, the electrical circuit works can be described
as follows: 1. The DHT22 sensor will continuously send
temperature and humidity to the Arduino Nano microcontroller;
2. The microcontroller that receives temperature data will send
commands to the AC light dimmer to control the lamp's light
intensity 3. Meanwhile, the L298N driver will be used to regulate
the fan based on humidity input.

The mechanical design of the incubator is illustrated in Figure 2.
The incubator consists of three parts that serve different
functions. The top of the incubator, measuring 60 cm x 60 cm X
20 cm, serves as a housing area for the controller and several other
electrical components. The middle or main part, measuring 60 cm
x 60 cm x 60 cm, functions as a maintenance area for DOC Joper.
This section will control temperature and humidity according to
the previous planning. Meanwhile, the lower part, measuring 15
cm x 60 cm x 60 cm, is used solely for supporting and placing the
Joper DOC manure. The main part of the incubator's mechanical
design is constructed using 10 mm thick plywood. Then, on the
front, acrylic is added, measuring 40 cm x 40 cm and with a
thickness of 3 mm. Acrylic is used to monitor the condition of the
DOC in the incubator more easily.
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Figure 2. Mechanical Design of DOC Incubator
The Model of PID Controller

The PID controller algorithm combines the actions of three
parameters based on feedback signals as in Figure 3. The
controller attempts to bring the measured output to the desired
value by minimizing errors in the feedback. In the process, the
system will adjust the process input or manipulated variables. The
general form of the equation for the manipulated variable in the
time domain (MV(t)) is as follows:

MV () = Kye(t) + K; [, e(t)dt + Kq-e(t) 1)

In equation (1), values of Kp, Ki, and Kd are the controller gain
(P), integral gain (I), and derivative gain (D). Parameter P
depends on the current error, parameter I represents the
accumulation of past errors, and parameter D predicts future
errors. These parameters affect the process if Kp and Ki are too
high, resulting in high offset and overshoot, while Kd can reduce
the overshoot caused by Ki [23].

PID controller
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Figure 3. General Model of PID Control

To get the values of Kp, Ki, and Kd in the general model, tuning
must first be done with an open loop or this process is usually
called step input. The response from the input step will produce
an S-shaped curve as shown in Figure 4.

y Tangent line
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Figure 4. Determining PID Model FOPDT Parameters
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Based on this figure, several response characteristics are
obtained, including delay time (L), time constant (T), and process
gain (Kp), as well as control parameters (Kc, Ti, Td). Through the
PID control model, as in Figure 3 and the response in Figure 4,
the process transfer function Gp(s) and control transfer function
Gc(s) are obtained as follows:

K
Gp(s) = e ™ @
Ge(s) = Ke(1 + 7=+ Tas) 3
Ge(s) = K + =+ Kgs ()

From this equation, Ki = Kc/Ti, where Ti is the integral of
constant time. Kd = Kc x Td, where Td is the derivative of
constant time. Meanwhile, to obtain the K¢, Ti, and Td values, a
tuning method is needed. The equation below is a C-C PID tuning
method that can be used for the FOPDT model [24].

Proportional Gain (Kc) = é g + ﬁ ®)
_ ) L[32+%]
Integral Time (Ti) = oL (©)
1343
Derivative Time (Td) = 114:& 0
T

Cohen-Coon Tuning Method for Incubator Controller

By applying the theory, the input step results are obtained in the
form of an S curve as in Figure 5. This curve is then plotted to
obtain the parameters used to reach the set point temperature of
32 °C.

Temp. ("C)

Time (s)

Figure 5. Response Results Determining Tuning Parameters

Based on the system response curve obtained, the values of T and
L are determined as in the C-C PID tuning method of the FOPDT
model, namely L = 10 and T = 273. Furthermore, the T and L
values in the system response graph can be used to find the ideal
Kp, Ki, and Kd parameters for the designed control system
(tuning process). Below are the results of the C-C PID tuning
calculation for the FOPDT model of the system:

Calculation of the Kp Parameter

_ 273 |4, 10
P=11 [3 + 4.273] ®
Kp = 36,51 ©)

Calculation of the Ki Parameter

Ti— 10(32+53) (10)
13452
Ti = 24,24 (11)
=301 _ 151 (12)
24,24
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Calculation of the Kd Parameter

4.10

Td = prova (13)
Td = 3,61 (14)
Kd = 36,51x 3,61 (15)
Kd = 131,80 (16)

Using the Cohen Coon method with the FOPDT model, PID
parameter values were obtained with Kp =36.51, Ki=1.51, and
Kd = 131.80, which were then entered into the Arduino program,
and the results of the system response characteristics were
observed after being given the PID values.

Control Diagram and Flowchart

The control diagram employs a closed-loop model, as shown in
Figure 6(a). Based on this diagram, C-C PID only focuses on
controlling the heating lamp. The system input is derived from
the temperature inside the incubator, as detected by the DHT22
sensor. Then, the temperature will be processed using the C-C
PID control with parameters Kp, Ki, and Kd, based on the
previous tuning results. The control system that is built is used to
dynamically adjust the light intensity of the heating lamp
according to the input temperature. The result is a stable incubator
temperature of 32 °C, according to the setpoint. The sensor used
also supports the incubator to have a closed-loop system.

Meanwhile, the DC fan operates outside PID control, receiving
commands to regulate the incubator’s humidity, as shown in
Figure 6(b). Similar to the temperature control system, humidity
control also receives system input from the DHT22 sensor's
detection results. The difference is that humidity control does not
use PID control. The L298N driver controls the fan's condition,
allowing it to turn on or off at a specific humidity level. Humidity
control also has a closed-loop system.

Kp=36,51

Tuput Controlied Temyp

Ki= 151 $| 1leating Lamp DOC Incubator

+
Brightness Serpoint Temp
Kd= 131,80
PID Contvoller
DIIT22 Sensor
Sensur Conversing Fabue Realtime Temp
(@
Input Controlled Humidity
Driver L298N DC Fan 3 DOC Incubator

Rovation Humidity

DHT22 Sensor

Sensor Conversion Vaine

Realtime Humidity

(b)
Figure 6. (a) and (b) DOC Incubator Control System Diagram

The flowchart in Figure 7 shows that the PID control system used
has a set point value of 32 °C. Meanwhile, to achieve this
temperature, the C-C PID is used. When the measured
temperature is greater than the set point (error > 0), the PID will
try to reduce the heating lamp voltage. This has an impact on
reducing the incubator temperature, allowing it to approach the
set point temperature. If the measured temperature is below the
setpoint, then the opposite will happen.

https://doi.org/10.25077/jnte.v14n3.1236.2025
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To regulate the humidity of the incubator, DC fan control is used,
which is separate from the C-C PID control system. In the
flowchart, it appears that humidity control occurs after the
temperature control process is completed. The measured
humidity will be identified by the system. If the humidity is above
50%, the DC fan will be turned on until the humidity falls below

it again.

Initialization:
pid_setpoint (32), Kp, Ki, Kd
temp, hum

Read DHT22 temp

v

pid_error=
temp - pid_setpoint

Y A4

PID increasing IPID lowering the|
voltage voltage

| |
|

/ Read DHT22 hum /

Yes No

hum > 50

Fan ON Fan OFF

Display temp dan hum
on LCD 16x2

Figure 7. DOC Incubator Flowchart

RESULTS AND DISCUSSION

DHT22 Sensor Reliability

After calibration or adjustment between a DHT22 sensor and a
thermometer, the measurements obtained with the DHT22 sensor
showed a slight difference compared to those made using a
thermometer. Based on the comparison graph in Figure 8, the
average error in the incubator humidity measurement system
using the DHT22 sensor is only 0.59%. The biggest error
occurred in the 5th measurement, with an error of 1.1%. The
temperature reading from the DHT22 sensor was approximately
28.7 °C, and the thermometer read 28.4 °C. The smallest error
occurred in the 7th measurement at 29,1 °C and the 11th
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measurement at 30,5 °C, with an error of 0% or precision
according to the thermometer.
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Figure 8. Temperature Measurement Graph After Calibration

Furthermore, based on the comparison graph in Figure 9, the
average error in the incubator humidity measurement system
using the DHT22 sensor is 5.02% (slightly larger than the error in
temperature measurements). The biggest error occurred in the 2nd
measurement, with an error of 11.1%. It was approximately
63.3% on the DHT22 sensor and 57% on the hygrometer. The
smallest error occurred in the 8th measurement, at 60.6% on the
DHT22 sensor and 61% on the hygrometer, with an error of 0.7%.
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Figure 9. Humidity Measurement Graph After Calibration

Tuning Results from C-C PID

Based on the tuning results obtained, the response of the C-C PID
control is tested using the parameters Kp = 36.51, Ki=1.51, and
Kd = 131.80. The response results from the C-C PID control with
the FOPDT model are shown in Figure 10. Based on this image,
the observed response characteristics are obtained from the
moment the input temperature changes until the response enters a
steady state. The response graphic results obtained are considered
stable and suitable for application in Joper DOC incubators.

Based on the graph obtained, several indicators can be determined
to determine the success of the system, such as rise time (Tr),
overshoot (M), settling time (Ts), and steady-state error
conditions (Ess). Generally, the rise time value can be measured
based on the time it takes for the temperature to reach 10% to 90%
of the set point. It can be seen that the temperature increases from
27.86 °C (10%) to 31.54 °C (90%) and requires a rise time of
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+225 seconds. The overshoot value can be calculated using the
following equation:

My, = ((peak temperature - set point) + setpoint) x 100% (15)
My, =((32,5°C—-32°C)~+32°C) x 100% (16)
My, =1,56% (17)

For settling time, or the time required for the system to reach +2%
of the set point, it can be seen that the system requires
approximately 510 seconds. The steady-state error for the system
is almost zero because the final measured temperature is very
close to the set point temperature. Based on the indicators
obtained from the PID response graph in Figure 10, the system
successfully reaches and maintains a temperature around the set
point, with a small overshoot and a reasonable settling time. This
indicates that C-C PID tuning has achieved optimal results.

33

32 T T, —_—
R ——

31

30

29

Temperature (OC)

28

27

—=Temperature Set Point

Figure 10. System Response C-C PID After Tuning
Incubator Success Rate

During overall system testing, the entire device is tested, as
shown in Table 1. The system appears to be working very well.
The temperature can reach the setpoint stably. Additionally, the
system can maintain humidity by adjusting the fan's on/off
conditions.

Table 1. Overall Testing of the DOC Incubator

Time  Temperature Setpoint Error Humidity DC Fan
(°C) (°C) (%) (%) Condition
19.06 27,7 32,0 13,44 56,3 ON
19.10 316 32,0 1,25 47,7 OFF
19.15 32,0 32,0 0,00 48,6 OFF
19.20 31,9 32,0 0,31 49,1 OFF
19.25 31,9 32,0 0,00 49,8 OFF
19.30 32,0 32,0 0,00 48,8 OFF
19.35 32,0 32,0 0,00 48,8 OFF

The results of testing the incubator for 30 minutes indicated that
the tool functioned as specified. As shown in Figure 11, the
lowest temperature in the incubator was 27.7 °C, which was
maintained from the start of the test and stabilized at the set point
by the 10th minute of the incubator measurement. During the
testing process, the temperature slightly decreased at the 19th
minute. The hypothesis that can be drawn from this condition is
that, within the same minute, there is an increase in humidity of
up to 50% or more, which causes the fan to turn on and results in
a slight decrease in temperature to 31.8 °C. However, the
temperature managed to reach the set point value of 32 °C again.
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This study also performs statistical validation by calculating the
confidence interval for measurement errors. Based on the
temperature data analysis, the 95% confidence interval for
measurement errors in the incubator system is (-0.742, 0.042).
This indicates that the system maintains a high level of accuracy
in regulating the temperature close to the 32°C setpoint, with a
slight tendency toward negative errors.

33,0

32,0 /\ e B B o=

31,0

30,0

Temp. (C)

19.18

—s— Temp Set Point
Figure 11. DOC Measured Temperature Graph on Incubator

The next test was conducted to assess the incubator's ability to
reduce the mortality rate of Joper DOC. This test was conducted
on a 3-day-old Joper DOC, which was hatched, for 7 days after it
was first placed in the incubator. Monitoring is carried out every
day and then recorded and documented as material for analyzing
the results of the incubator's work. The number of Joper DOC
used in the test was 16 birds, and after 7 days of monitoring, no
chickens died. This shows that the incubator can reduce the
mortality rate to 0% in Joper DOC chickens. The test results are
presented in Table 2.

Operational Limitations and Advantages Offered

This study has several operational limitations that allow it to
focus on the desired scope of discussion. Here are some of the
operational limitations: 1. This study only focuses on the
incubation object in the form of DOC joper chickens aged 1-7
days; 2. This study only uses the Cohen Coon PID tuning method
as a temperature control algorithm with a set point of 32 °C 3.
The Cohen Coon PID tuning control system focuses on
temperature control using a special incubator heating lamp with a
power of 25 watts. Humidity control using a fan and L298N
driver without involving PID control; 5. The voltage source used
is supplied by PLN in uninterrupted or blackout conditions.

The advantage of this incubator lies in its stability and good
temperature distribution. This is influenced by the use of four
DHT22 sensors placed on each side of the incubator, ensuring
more even temperature detection and avoiding concentration in a
single location. Additionally, the use of PID control enhances
temperature control stability. PID control ensures the heating
lamp remains on, while the lighting intensity is constantly
adjusted to match the real-time temperature. Equipped with
excellent temperature control, this incubator can reduce mortality
rates to 0%. This incubator is able to answer the challenges of
previous research which resulted in a 20% mortality rate and 75%
in temperature stability [25].

https://doi.org/10.25077/jnte.v14n3.1236.2025
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Table 2. DOC Incubator Effectiveness Test

Day Alive DOC Mortality Documentary
(o)
1 16 0,00

2 16 0,00
3 16 0,00
4 16 0,00
5 16 0,00
6 16 0,00
7 16 0,00

https://doi.org/10.25077/jnte.v14n3.1236.2025

CONCLUSIONS

Several main conclusions can be drawn, including accuracy level
testing, which show that the DHT22 sensor can measure
temperature and humidity well. After calibration, the temperature
measurement error is 0.59% and the humidity is 5.02%. C-C PID
control has also been proven to be successful, proven by several
indicators such as short rise time values (£225 seconds),
achieving settling time within a reasonable time range (+510
seconds), low overshoot (£1.56%), and steady-state error is close
to 0%. Based on the temperature data analysis, the 95%
confidence interval for measurement errors in the incubator
system is (-0.742, 0.042). Overall, the system can be considered
successful in regulating temperature and humidity automatically.
In 30 minutes of testing, the incubator can maintain stable
temperature conditions at a set point temperature of 32 °C and
humidity below 50% automatically. The designed incubator has
also been proven effective in reducing the DOC mortality rate of
Joper chickens to 0%, resulting in no deaths at all.
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