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Premature infants, born with low birth weight, require specialized care and
isolation due to their vulnerability to infections in public settings. Baby
incubators, classified as life support equipment, play a crucial role in
safeguarding these infants by maintaining a consistent temperature and
humidity similar to the mother’s womb. This study compares the
temperature control systems in baby incubators, specifically proportional
and derivative (PD) control versus proportional and integral (Pl) control.
LM35 and DS18B20 sensors were employed in the study. Results from PD
control using the LM35 sensor show a rise time of 5 min and 40 sec, a
settling time of 25 min, and an overshoot of 2.2 °C. The DS18B20 digital
sensor, under PD control, achieves a rise time in 6 min and 30 sec, a settling
time of 23 min, with an overshoot of 1.2 °C. For PI control with the LM35
sensor, there’s a 3 °C overshoot, a 5-minute rise time, and a 30-minute
settling time. The DS18B20 sensor under PI control exhibits a 2.7 °C

overshoot, a 5-minute rise time, and a 29-minute settling time. PD control
demonstrates lower overshoot and faster response but longer rise times than
P1 control. Future research explores fuzzy control systems and proportional
integral derivative (PID)-fuzzy hybrid control.
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1. INTRODUCTION

According to the World Health Organization (WHO), premature newborns are those delivered
before 37 weeks gestation, as estimated on the first day of the most recent menstrual cycle [1]. The American
Academy of Pediatrics defines premature newborns as those who weigh less than 2,500 grams at 37 weeks of
gestation. Because premature babies are more likely to get sick in public settings, they require extra attention
and need to be kept entirely segregated [2]. Therefore, it is necessary to have an incubator. A baby incubator
is a type of electromedical device classified as “life support equipment.” It plays a critical role in protecting
infants born prematurely or with low birth weight by maintaining a stable temperature and humidity,
mimicking the conditions of the mother’s womb [3]. Infants with unfinished organ development,
malfunctioning biochemical or enzyme systems, or delayed prenatal growth need special care [4]. Some
general practices (GP) in rural regions still use manual incubators, requiring nurses to maintain alertness and
take regular temperature readings within the incubator [4]. Because manual incubators are more vulnerable to
human error or carelessness and consequently have a lower standard of care, they are extremely harmful to
premature babies [5]. To avoid hypothermia or hyperthermia in premature newborns, it is crucial to control
the temperature within the neonatal incubator [1]. When the body temperature of a baby rises over normal,
hyperthermia develops. Babies are not very large enough to act as heat sinks, limited thermal insulation, and
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a huge surface area. Due to their immature thermal regulation, newborns cannot control their environment’s
temperature or generate heat [5]. Their ability to retain heat is limited [6]. Therefore, the most important
component of life that needs to be safeguarded is the baby’s life. Organs may suffer injury, developmental
delays, cold shock, and even death whether the temperature is excessively high or low. Therefore the
temperature must be maintained [7]. Temperature regulation is done so that the baby’s body temperature, the
surrounding environment, and other factors remain constant [8], [9]. Research by [10], [11] used an on/off
control system from the heating control system to reach 400 sec and the ambient temperature might be
maintained by the incubator. To generate a steady temperature and accuracy. Typically, the baby incubator is
built to help care for and monitor the infant by being transparent, clean (sterile), furnished with the necessary
electronic tools, and soundproof [12]. In practice, all industrial manipulator laws frequently employ the
dynamic technique known as proportional and derivative (PD) control. Ongoing research is being done on
PD control [13]. The most widely utilized control algorithm in the automobile sector is Pl control, which is
also widely recognized in industrial control [14]. For many open-loop stable systems with dead time, the PI
controllers generally exhibit acceptable control performance and are structurally appropriate [15]. The analog
sensor’s (LM35) output voltage is precisely proportionate to the temperature in degrees Celsius. Compared to
linear temperature sensors calibrated in Kelvin, the analog sensor (LM35) has the benefit of directly
providing output on a Celsius scale, removing the requirement for the user to deduct a sizable constant
voltage from the output [16]. The Dallas Semiconductor DSI8B20 digital temperature sensor is used in
temperature testers. The DS18B20’s monolithic design makes it possible for it to take the place of analog
temperature sensors and related signal processing equipment. Complete temperature monitoring and data
processing can be accomplished rapidly by connecting the DSI8B20 and microcontroller. The only digital
temperature sensor that uses a single bus to transmit data is the DSI8B20. The DS18B20 sensor uses a single
line for both data input and output. A single connection line can be used for communication between the
CPU processor and the DS18B20 digital temperature sensor because they can both send and receive data over
the same interface. In total, nine more binary temperature indications are shown. Without an external power
source, the DSI8B20 digital temperature sensor can supply the necessary electrical energy [17]. The
ATMEGA 2560 serves as the foundation for the Arduino Mega microcontroller. This Arduino Mega is
simply connected to a computer using a USB cable to get started. Arduino boards are used because they
make it simple to communicate with the module’s serial port and program the microcontroller in C [16].

In the study, Halder et al. [18] designed a closed loop temperature control system using proportional
and integral (PI) control to sense the room temperature and maintain it to the desired value fixed, the results of
this study are small overshoot, fast response, and high precision but respond a little slower. Ismail et al. [19]
designed a water temperature controller heated by an oil-fuelled heater using a programmable logic controller
(PLC) method in conjunction with a P1 controller. Measured temperature but the high cost of the PLC system.
Tisa et al. [20] developed a baby incubator temperature control system that uses basic ON-OFF control
techniques and pulse width modulation (PWM). A neonatal incubator with On/Off control was developed by
Widhiada et al. [5] to aid in the spread of temperature. The incubator has a 36°C temperature setting. Singh
et al. [21] made an incubator using proportional integral derivative (PID). In study [21], the process of
choosing controller settings to meet particular performance criteria is known as controller tuning Nicholas
and Ziegler. Pinto et al. [22] designed a baby incubator with a digital PID temperature controller. The
objective is to develop and implement the ESVIN newborn life support equipment prototype’s cockpit
temperature following the international standard IEC 60601-2-19 for the operation and safety of neonatal
incubators. Theopaga et al. [23] designed a system using and controlling the temperature to effectively
control PID for infant incubators. Because, according to the researchers, this technique maintains linearity in
temperature regulation, allowing premature babies to be maintained at temperatures in the infant incubator.

Based on prior research evaluating the performance of two temperature sensors namely the analog
LM35 and the digital DS18B20 utilizing PD control to achieve stable and precise temperature regulation, this
study focuses on the development of a baby incubator. The incubator will implement PI control, to analyze
key performance parameters such as rise time, settling time, and overshoot. The results we get will then be
compared with the results of previous research using PD control. The sensors we use are the LM35 sensor
and the DB18B20 sensor which are still in the incubators in the hospital. By comparing the two controls on
these two sensors, it is hoped that PD and PI controls are suitable for controlling baby incubators or there is
still a need for innovation in making temperature controls in baby incubators. The sensors used are still from
previous research.
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2. METHOD
2.1. Proportional and derivative-proportional and integral controller

The output of the proportional controller is determined by the magnitude of the error signal and the
difference between the desired setpoint and the actual measured value. Put more simply, the proportional
controller’s output is the result of multiplying its input by the proportional six constants [24]. Integral: to
produce a system response with a steady state error of zero is the aim of the integral controller. If a plant
lacks an integrator element (1/s), the proportional controller alone cannot ensure a system output with zero
steady-state error. The system’s responsiveness can be improved with an integral controller because it has a
zero stable state error [25]. Derivatives: derivative controllers are typically employed to accelerate a system’s
initial response, but they do not lower errors in the system’s steady state. Work performed by a derivative
controller is only useful in a limited context, particularly during the transition phase. Therefore the derivative
controller is never utilized in conjunction with another controller of a system [26]. PID control is widely
recognized for its simplicity, ease of implementation, and cost efficiency. Despite advancements in control
technologies, PID controllers remain the most widely utilized in industrial control systems, with documented
statistics indicating their application in over 95% of physical layer control loops. The term “PID” refers to the
controller’s three components: proportional, integral, and derivative. The behavior of a first-order delay
system under PID control can be represented by (1):

K

Pt(s) = e €

—TSs (1)

Here, K>0 represents the plant gain in the controlled process, ©0 denotes the delay time, and T>0 signifies
the system’s time constant. Typically, PID controllers are implemented by tuning parameters based on
empirical approaches, such as the Ziegler-Nichols method and its variations [27]. This study uses PI control
and then uses (2):

PI = Kp x e(t) + Ki x [, e(t)dt @)

This equation represents a PI controller, which is used in control systems to regulate processes such
as temperature control. The goal of a Pl controller is to minimize the error (e), This is the discrepancy
between the actual process variable and the intended setpoint. where e is the error value of reading the set
point value by reading temperature against time, Kp is a proportional constant, and Ki is an integral constant.
Then compared with previous studies using PD controls using (3):

PD = Kp x e(t) + Kd x 5 ®3)

This equation describes a PD controller, another common type of control system used to regulate
dynamic processes. Such as temperature control, where the rate of change of the error is important. where e is
the error value of reading the set point value using temperature observations versus time, Kp is a proportional
constant, and Kd is a derivative constant.

The Ziegler-Nichols tuning method is one of the most popular and widely used approaches for
tuning PID controller parameters. Ziegler and Nichols proposed two popular methods for tuning parameters
in PID controllers (including Pl and PD), which are often used to optimize the response of control systems.
Both methods aim to help determine the right values for Kp, Ki, and Kd to obtain a stable and fast response
[28]. The Ziegler Nichols arrangement is proposed in Table 1.

Table 1. Determination of parameters
Controller Kp Ti D
Proportional 1/, - -
PI 0'9/a 3.33
PID 12/, 2 05

Based on a fictitious controller, the Ziegler and Nichols approach was the first PID tuning mat to be
developed. Therefore, additional adjustments are always required; because the control is rather strong and
causes overshoot and excessive oscillation. It is a little challenging to estimate the parameters for the first
approach in the environment. This behavior can be highly harmful to the system when the second method
uses the unstable side to determine the settings [26].
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To find errors, we use (4):

Error (%) _ (Setting Data—Average Data) % 100% (4)

Setting Data

We took data for each temperature 20 times, each data was taken within 45 min at a room
temperature of 27 °C. Then we take the average of each temperature and sensor that we include in the results,
and to make reading easier we also include a box plot. The series of baby incubators made in this study used
a PI control system which was made digitally using an Arduino Mega microcontroller. The workflow of the
PI control can be seen in Figure 1.

»| Propotional
+
SetPoint  + Heater Heat Output‘
—» Error Driver > eater >
+
» Integral
Sensor
Temperature

Figure 1. The control system used in this study uses PI control where the diagram for the closed system

Figure 1 presents a simple block diagram of the system used in the baby incubator research. The
temperature sensor that has been selected will read the room temperature, and then be processed by Arduino
Mega for later comparison with the predetermined temperature setting. The proceeds of the comparison of
the temp sensor value and the temp setting will produce an error value. This error value is then processed by
the PI control that has been made on the Arduino Mega microcontroller. The output of this PI will control the
performance of the heater through the heater driver first. When the heater heats up, the temperature sensor
will read the temperature inside the baby incubator again after it has been changed or raised.

2.2. Material and device

The temperature sensor used in this research is LM35 [29], the digital sensor (DS18B20) can read
9-12 bits of digital data, which is more than traditional thermistors can do. The 12-bit digital quantity can be
finished in 750 millisec [30]. The LM35 sensor offers an advantage over linear temperature sensors
calibrated in Kelvin, as it reliably provides temperature readings in Celsius without the need to subtract a
significant constant voltage from the output [31]. This instrument is used to measure the temperature in the
infant incubator. Data processing is carried out by a microcontroller (Atmega 2560). TFT is used for
temperature readings and graphs. The heater is utilized to warm the interior of the baby incubator and assist
in achieving the desired temperature [32].

2.3. Data acquisition

In the block diagram, the temperature sensor serves as the incubator input. The newborn incubator
system uses the analog sensor (LM35) and the digital sensor (DS18B20), two different types of sensors that
can be used interchangeably. The CPU converts the temperature measurements to voltage. The TFT display
in this experiment is also used to choose the sensor, temperature, and control settings, and it also generates
output in the form of graphs and an incubator temp readout.

This design includes the interchangeable analog sensor (LM35) and the digital sensor (DS18B20) as
inputs, and the power supply powers every component of the circuit. The baby incubator’s working
temperature setting provides details on the setting that may be altered to the temperature needed for the
incubator to function. The LM35 and DS18B20 sensors are used to monitor the temperature, and the
microcontroller can translate that data into voltage.

Then, the TFT (7 inches) will continue to display the sensor voltage after being set by the
microcontroller. You may choose sensor settings, temperature settings, and control settings via the on-screen
display. Additionally, a result is produced by the temperature and incubator temperature graph. The heater is
used as a heater. When the baby incubator’s temperature approaches the predetermined level, the author’s
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program gradually lowers the heating power and turns off the heating when the temperature reaches the
predetermined level. The heating capacity rises if the temperature goes below the permissible range Figure 2.

Figure 2. Baby incubator unit using PI control

The baby incubator box has been designed compactly to make it easier for users, as shown in
Figure 2. On the right side, there are only 2 components, the power switch and the Nextion TFT LCD. The
baby incubator box has been designed compactly to facilitate users, as shown in Figure 2. On the right side,
there are only 2 components, namely the power switch and the Nextion TFT LCD. The power switch is used
to turn the device on or off. Meanwhile, the TFT LCD is used for the temperature monitoring display in the
baby incubator box.

2.4. Data processing

Using data for infant incubators, the author examines the overshoot, rising time, and settling time
outcomes at temperatures of 32-37 °C with the same treatment. PI control utilizes a formula to determine the
values of Kp and Ki, while PD control uses a formula to determine Kp and Kd. In this study, Borland Delphi
7 was employed to plot the data after obtaining the respective Kp, Ki, and Kd values. Both text and image
formats can be used to store data. Temperature measurements are converted to voltage by the Arduino
Atmega microcontroller, which also transforms analog data into digital data.

2.5. Experimental settings

A baby incubator box that is the same size as its original size is employed in this study. The Atmega
2560 microcontroller is used in the controller together with the analog sensor (LM35) and the digital sensor
(DS18B20). In the system of the constructed baby incubator, both sensors are analyzed. For heaters used
following the requirements, namely 1500 watts, a fan is also used to distribute the temperature evenly in the
space. On a computer screen, temperature information is represented on a graph and transmitted via serial
connections. The computer records the incubator’s temperature monitoring data. Data was gathered in a
climate-controlled room at 25 °C. The data retrieval process is shown in Figure 3.

Figure 3. 5 times at each temperature setting, this data was gathered at room temperature (25 °C), and the
outcomes were compared using an incu analyzer
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2.6. Data analysis

This research was conducted in a room with a temp of 27 °C for data collection and with the same
treatment for each data collection at all temperature settings. The temperature settings to be taken care
32-37 °C, data retrieval is recorded for 1 hour using the Delphi application. The control system used is for
PD control using Kp=60 and Kd=50, while for Pl control using KP=60 and KI=7. To study the reaction of
two types of temperature sensors while utilizing PD control and PI control, data collection is done alternately
between two sensor types: the digital sensor (DS18B20) and the analog sensor (LM35). For data retrieval
recorded using Borland Delphi7 to get the data. The average data to be analyzed include rise time, overshoot,
and settling time, then the author will analyze the difference between the three things.

3. RESULTS AND DISCUSSION
3.1. Result measurement

Figures 4 and 5 present the data collected from analog sensors (LM35) and digital sensors
(DS18B20) under P1 and PD control. Data collection was conducted over 1 hour with various temperature
settings, all performed at a room temperature of 25 °C. The horizontal axis states the time of data collection,
while the vertical axis states the setting temperature. The following are the results of the data collection:

In Figure 4(a), the performance of the PD control using the LM35 sensor shows that at 32 °C, the
system has a rise time of 5 min, a settling time of 30 min, and an overshoot of 1.1 °C. When the temperature
increases to 33 °C to 35 °C, the rise time is in the range of 5 min 40 sec to 6 min, the settling time remains 25
min, and the overshoot increases from 1.6 °C to 2.6 °C. At 36 °C and 37 °C, the rise time increases to 8 min
with a settling time of 25 min, while the overshoot increases from 2.5 °C to 3 °C. Meanwhile, in Figure 4(b),
the PD control using the DS18B20 sensor shows that at 32 °C, the system has a rise time of 3 min 20 sec, a
settling time of 23 min, and an overshoot of 2 °C. At 33 °C to 36 °C, the rise time increases from 4 min to
7 min, with the settling time remaining 23 min and the overshoot increasing from 2.3 °C to 2.8 °C. At 37 °C,
the rise time reached 8 min with a settling time of 23 min and an overshoot of 2.9 °C.
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Figure 4. Results PD control of sensor: (a) PD control used LM35 sensor and (b) PD control used DS18B20
sensor
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In Figure 5(a), the Pl controller using the LM35 sensor shows a similar pattern at several
temperatures. At 32 °C to 34 °C, the rise time is reached in 5 min, the settling time ranges from 28 to 30 min,
and the overshoot exceeds 2.8 °C from the setpoint. At 35 °C to 36 °C, the rise time remains 5 min, settling
time increases to 31 min, with the overshoot exceeding 3 °C. While at 37 °C, the rise time remains 5 min, the
settling time is 29 min, but the overshoot decreases to 2.5 °C. In Figure 5(b), the PI controller using the
DS18B20 sensor shows that at 32 °C to 35 °C, the rise time is reached in 4 min, the settling time is stable at
28 min, and the overshoot ranges from 2.5 °C to 2.7 °C. At 36 °C, the rise time increased to 8 min, the
settling time remained at 28 min, and the overshoot decreased to 1.5 °C. While at 37 °C, the rise time
returned to 4 min, the settling time decreased to 23 min, and the overshoot remained at 1.5 °C.
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Figure 5. Result PI control of sensor: (a) Pl control used LM35 sensor and (b) PI control used DS18B20
sensor

Figure 6, displays the infant incubator box’s temperature dispersion; at focal point 1, the
temperature is 32.3 °C, at focus point 2 it is 30.6 °C, and at focus point 3 it is 30.4 °C. At each camera focus
point, there is a difference due to the position of the heater located on the left. However, overall, the system
operates according to the set point temperature. The following is a box plot analysis, where this section
analyzes the comparison of LM35 and DS18B20 sensors using PD and PI control.

From Figure 7, it can be seen that the analog sensor (LM35) using PI control has a higher overshoot
compared to the analog sensor (LM35) using PD control, where when using PD control the overshoot is
39.2 °C while PI control is 39.5 °C. Likewise, the digital sensor (DS18B20) using PI control has a higher
overshoot compared to the digital sensor (DS18B20) using PD control, where when using PD control the
overshoot is 38.2 °C while when using PI control, it is 38.5 °C. From Figure 8, it can be seen that the analog
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sensor (LM35) using PD control has a higher rise time than the analog sensor (LM35) using PI control,
where if using PD control the rise time is 480 sec while using PI control it is 300 sec. Likewise, the digital
sensor (DS18B20) uses PD control and has a higher rise time than the digital sensor (DS18B20) using PI
control, where when using PD control the rise time is 240 sec while when using PI control, it is 480 sec.
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Figure 7. Comparison of Pl and PD control using LM35 and DS18B20 sensors when experiencing overshoot
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Figure 8. Comparison of Pl and PD control using LM35 and DS18B20 sensors when experiencing rise time

From Figure 9, it can be seen that the analog sensor (LM35) using PI control has a longer settling
time than the analog sensor (LM35) using PD control, where when using PD control the settling time is 1,500
sec while when using PI control, it is 1,740 sec. However, digital sensors (DS18B20) using Pl control and
digital sensors (DS18B20) using PD control on settling time are not much different from the difference,
while when using PD control and PI control the settling time is 1,400 sec.
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Figure 9. Comparison of Pl and PD control using LM35 and DS18B20 sensors when experiencing settling
time with a set point of 37 °C

In the context of control systems, the choice between Pl and PD control depends on the specific
priorities, whether it be minimizing overshoot, achieving faster rise times, or optimizing settling times. These
observations highlight the trade-offs associated with each control strategy, and careful consideration is
required when selecting the most suitable control approach for a given application. T-Test of two
independent samples was used in analyzing the data of this study. T-Test of two independent samples was
conducted to test the null hypothesis, which states that there is no significant difference between the LM35
sensor device and the DS18B20 sensor in PD control made when the resulting p-value is greater than alpha.
Statistics were performed using the real statistics resource pack as presented in Tables 2 and 3.

Table 2. T-Test testing of two independent samples between LM35 sensor devices and DS18B20 sensors on

PD control
T-Test: equal variances Alpha 0.05
std err t-stat df  p-value t-crit lower upper  sig  effectr
Onetail 097689 031136 10 0.38095 1.81246 no 0.09798

Two tails  0.97689 0.31136 10 0.76191 2.22813 -1.8724 248082 no  0.09798

Table 3. T-Test testing of two independent samples between LM35 sensor devices and DS18B20 sensors on

P1 control
T-Test: equal variances Alpha 0.05
std err t-stat df  p-value t-crit lower upper  sig  effectr
Onetail ~ 0.98765 0.00895 10 0.496516 1.81246 no 0.00283

Two tails  0.98765 0.00895 10 0.993031 222819 -2.2094 2.19178 no  0.00283

Based on the results presented in Table 2, the p-value of 0.380958 exceeds the predetermined
significance level of 0.05. This indicates that the null hypothesis (Ho) cannot be rejected. Therefore, there is
no statistically significant difference between the temperature readings obtained from the baby incubator and
the standard device. Similarly, no significant difference was observed between the LM35 and DS18B20
sensors when using PD control. These findings suggest that both sensor types provide reliable and accurate
temperature measurements. A two-independent samples T-Test was conducted to test the null hypothesis,
which posits that there is no significant difference between the LM35 sensor device and the DS18B20 sensor
when implementing the P1 control. The resulting p-value is compared to the alpha level, and if it is greater
than alpha, the null hypothesis is retained.

As shown in Table 3, the p-value is 0.496516, which exceeds the predetermined significance level
of 0.05. Consequently, the null hypothesis (HO) is accepted, indicating no significant difference between the
performance of the baby incubator and the standard device. Similarly, the acceptance of HO confirms that
there is no significant difference in performance between the LM35 and DS18B20 sensors when used with PI
control. Consequently, it can be concluded that temperature readings from these two sensors are both reliable
and provide accurate measurements.

Temperature response analysis between PD and PI controls applied to infant incubators (Abd. Kholiq)
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3.2. Discussion

Infant incubators are indispensable for the care of premature newborns, with the maintenance of stable
incubator temperatures ranking among the utmost priorities. This study collected data from two distinct sensors,
namely the LM35 and DS18B20 sensors, to analyze crucial parameters including rising time, overshoot, and
settling time under both Pl and PD control systems. The findings are summarized in Table 4, which represents
the average results using PD control. In addition, Table 5 shows the average results using the PI control.

Table 4. Average results under the PD control

Sensor type (control) Rise time Settling time (min) Overshoot
LM35 (PD) 5 min and 40 sec 25 2.2 °C above the set temperature
DS18B20 (PD) 6 min and 30 sec 23 1.2 °C above the set temperature

Table 5. Average results under the P1 control

Sensor type (control)  Rise time time (min)  Settling time time (min) Overshoot
LM35 (PI) 5 30 3 °C above the set temperature
DS18B20 (PI) 5 29 2.7 °C above the set temperature

The results demonstrate that the PD control system achieves a lower overshoot and a faster settling
time compared to the Pl control system. However, on average, PD control results in a longer rise time when
compared to PI control. Building on these findings and previous research, the main objective is to design a
baby incubator utilizing PI control and perform a comparative analysis. Subsequently, the results obtained
from the DS18B20 sensor and the LM35 sensor are compared with previous research focusing on Incubator
designs incorporating PD control [33]. This study places significant emphasis on the achievement and
maintenance of the infant incubator temperature, with the ultimate goal of ensuring temperature stability
within the incubator monitoring system to prevent adverse patient outcomes, including potential fatalities.

The study does not provide specific details about the sample size, data collection methods, or ethical
considerations involved. Additionally, the lack of references to prior research makes it challenging to assess
the context of the study and the significance of its findings. The findings indicate that while PD control
provides benefits in reducing overshoot and achieving faster settling times, it comes at the expense of longer
rise times. These insights could guide the design and implementation of infant incubator systems, aiming to
enhance temperature stability and improve overall patient care. The comparative objectives of this study are
to assess the performance of Pl control against PD control and to compare the results obtained from different
sensors (DS18B20 and LM35) with previous research involving PD control.

4. CONCLUSION

In this study, the temperature sensor on the baby incubator was checked for this study using Pl
control. The temperature sensor is placed inside a standard hospital baby incubator to ensure accurate and
consistent temperature measurements. Based on the measurement results using Pl control on the analog
sensor (LM35), the overshoot is 3 °C from the set point, the sensor takes 5 min to reach the rise time, and the
settling time lasts 30 min. Overshoot was 2.7 °C from the set point while the digital sensor (DS18B20) took 5
min to reach the rise time and 29 min to reach the set time. The results of previous studies show that PD
control has a lower overshoot than PI control and a faster settling time. But on average PD has a longer rise
time than P1 control. For further research, the 2 sensors will be compared using PID control.

ACKNOWLEDGEMENTS

We thank the Director of Poltekkes Kemenkes Surabaya for supporting and funding this research, as
stated in the Director of SK's employment contract. Hk.01.02/1/1905/2022. So that we can complete this
research well and smoothly, and students who are involved and help with research hopefully can increase
their knowledge and experience

REFERENCES

[1] L. Nachabe, M. Girod-Genet, B. ElHassan, and J. Jammas, “M-health application for neonatal incubator signals monitoring
through a CoAP-based multi-agent system,” in 2015 International Conference on Advances in Biomedical Engineering
(ICABME), IEEE, Sep. 2015, pp. 170-173, doi: 10.1109/ICABME.2015.7323279.

[2] M. Shaib, M. Rashid, L. Hamawy, M. Arnout, I. E. Majzoub and A. J. Zaylaa, “Advanced portable preterm baby incubator,” 2017

TELKOMNIKA Telecommun Comput El Control, Vol. 23, No. 2, April 2025: 495-506



TELKOMNIKA Telecommun Comput EI Control a 505

[3]

[4]
[5]

[6]

[71
(8]
[9]
[10]
[11]
[12]
[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]
[21]

[22]

[23]
[24]
[25]
[26]
[27]
[28]

[29]

[30]
[31]

[32]

[33]

Fourth International Conference on Advances in Biomedical Engineering (ICABME), Beirut, Lebanon, 2017, pp. 1-4, doi:
10.1109/ICABME.2017.8167522.

M. Ali, M. Abdelwahab, S. Awadekreim, and S. Abdalla, “Development of a Monitoring and Control System of Infant
Incubator,” in 2018 International Conference on Computer, Control, Electrical, and Electronics Engineering (ICCCEEE), IEEE,
Aug. 2018, pp. 1-4, doi: 10.1109/ICCCEEE.2018.8515785.

Y. J. Kadhim, “Wireless Incubators and Photodynamic Therapy Enhance Premature Infant Care,” Academia Open, vol. 9, no. 2,
p. 28, May 2024, doi: 10.21070/acopen.9.2024.8929.

W. Widhiada, I. N. G. Antara, 1. N. Budiarsa, and I. M. G. Karohika, “The Robust PID Control System of Temperature Stability
and Humidity on Infant Incubator Based on Arduino at Mega 2560,” in IOP Conference Series: Earth and Environmental
Science, Institute of Physics Publishing, 2019, doi: 10.1088/1755-1315/248/1/012046.

Sumardi, Darjat, E. W. Sinuraya, and R. J. Pamungkas, “Design of Temperature Control System for Infant Incubator using Auto
Tuning Fuzzy-PI Controller,” International Journal of Engineering and Information Systems (IJEAIS), vol. 3, no. 1, pp. 1-7,
2019.

R. Wahyuono, R. Hantoro, and G. Nugroho, Study on Dry Heat Loss of a Very Low Birth Weight (VLBW) Newborn Nursed in an
Infant Incubator with Overhead Screen, 2012, doi: 10.13140/RG.2.1.4845.7766.

D. Vyas, B. Bhensdadiya, and N. Agresara, “System for Remote Monitoring and Control of Baby Incubator and Warmer,”
International Journal of Futuristic Trends in Engineering and Technology, vol. 3, pp. 1-6, May 2016.

M. Suruthi and S. Suma, “Microcontroller Based Baby Incubator Using Sensors,” International Journal of Innovative Research in
Science, Engineering and Technology (An ISO), vol. 3297, 2007, doi: 10.15680/1JIRSET.2015.0412050.

B. Ashish, “Temperature monitored loT based smart incubator,” in 2017 International Conference on I-SMAC (loT in Social,
Mobile, Analytics and Cloud) (I-SMAC), IEEE, Feb. 2017, pp. 497-501, doi: 10.1109/I-SMAC.2017.8058400.

H. Mittal, L. Mathew, and A. Gupta, “Design and Development of an Infant Incubator for Controlling Multiple Parameters,”
International Journal of Emerging Trends in Electrical and Electronics, vol. 11, no. 5, pp. 65-72, 2015.

G. T. Sen and M. Yuksekkaya, “Desing and Test of an Incubator Analyzer,” in 2018 2nd International Symposium on
Multidisciplinary Studies and Innovative Technologies (ISMSIT), IEEE, Oct. 2018, pp. 1-5, doi: 10.1109/ISMSIT.2018.8567049.
J. Wang, X. Si, and R. Guo, “A modified feed-forward compensated PD controller design and simulation comparison based on two-
link manipulator,” in Advanced Materials Research, 2012, pp. 1245-1248, doi: 10.4028/www.scientific.net/ AMR.482-484.1245.

K. H. Hwang, J. H. Park, H. J. Kim, T. Y. Kuc, and S. J. Lim, “Development of a simple robotic driver system (Simrods) to test
fuel economy of hybrid electric and plug-in hybrid electric vehicles using fuzzy-pi control,” Electronics, vol. 10, no. 12, Jun.
2021, doi: 10.3390/electronics10121444.

C. Onat, “A new design method for PI-PD control of unstable processes with dead time,” ISA Transactions, vol. 84, pp. 69-81,
Jan. 2019, doi: 10.1016/j.isatra.2018.08.029.

M. Sofiyan, A. Saputra, C. Sukma, and A. Nasrulloh, “Infant Incubator Temperature Controlled and Infant Body Temperature
Monitor using Arduino Mega2560 and ADS1232,” International Journal of Computer Techniques, vol. 6, no. 6, pp. 1-5, Dec.
2019, doi: 10.29126/23942231/1JCT-V6I6P6.

C. Rui and K. J. Bao, “Design of temperature measurement system based on microcontroller,” Applied Mechanics and Materials,
pp. 4039-4042, 2014, doi: 10.4028/www.scientific.net/ AMM.513-517.4039.

S. Halder, A. Khan, and S. Pal, “Closed Loop Temperature Control System Design Using Conventional and Advanced Intelligent
Controller,” SSRN Electronic Journal, 2018, doi: 10.2139/ssrn.3166022.

S. Y. Ismail, Z. S. Hussain, H. T. H. H. Thabet, and T. H. Thabit, “Using Pl Controller Unit for Controlling the Water
Temperature in Oil Fired Heaters by PLC Techniques,” Przeglad Elektrotechniczny, vol. 97, no. 3, pp. 157-161, 2021, doi:
10.15199/48.2021.03.30.

T. A. Tisa, Z. A. Nisha, and M. A. Kiber, “Design of an Enhanced Temperature Control System for Neonatal Incubator,”
Bangladesh Journal of Medical Physics, vol. 5, no. 1, pp. 53-61, Apr. 2013, doi: 10.3329/bjmp.v5i1.14668.

Y. K. Singh, J. Kumar, and K. K. Pandey, “Temperature Control System and its Control using PID Controller,” International
Journal of Engineering Research & Technology (1JERT), vol. 4, no. 2, pp. 1-3, 2016.

J. A. D. Pinto, E. A. Cérdova, and C. B. C. Lévano, “Design and Implementation of a Digital PID Temperature Controller for
Neonatal Incubator ESVIN,” Journal of Mechanics Engineering and Automation, vol. 5, no. 3, Mar. 2015, doi: 10.17265/2159-
5275/2015.03.005.

A. K. Theopaga, A. Rizal, and E. Susanto, “Design and implementation of PID control based baby incubator,” Journal of
Theoretical and Applied Information Technology, vol. 70, no. 1, pp. 19-24, 2014

M. H. Moradi, “New techniques for PID controller design, ” in Proceedings of 2003 IEEE Conference on Control Applications,
2003, pp. 903-908 vol. 2, doi: 10.1109/CCA.2003.1223130.

F. S. M. Alkhafaji, W. Z. W. Hasan, M. M. Isa, and N. Sulaiman, “A novel method for tuning PID controller,” Journal of
Telecommunication, Electronic and Computer Engineering., vol. 10, no. 1-12, pp. 33-38, 2018, doi: 10.24237/djes.2013.06106.
H. O. Bansal, R. Sharma, and P. R. Shreeraman, “P1D Controller Tuning Techniques: A Review,” Journal of Control Engineering
and Technology (JCET), vol. 2, no. 4, pp. 168-176, Nov. 2012.

D. Ma, I. Boussaada, J. Chen, C. Bonnet, S. I. Niculescu, and J. Chen, “PID control design for first-order delay systems via MID
pole placement: Performance vs. robustness,” Automatica, vol. 137, p. 110102, 2022, doi: 10.1016/j.automatica.2021.110102.

N. Auliya’, N. Sulistiyanto, and M. H. B. Jabbar, “Fpga Implementation Of Ziegler-Nichols Closed-Loop Method For Automatic
Pid Parameters Tuning,” Jurnal Mahasiswa Teknik Elektro Universitas Brawijaya, vol. 3, no. 2, 2015

C. Liu, W. Ren, B. Zhang, and C. Lv, “The application of soil temperature measurement by LM35 temperature sensors,” in
Proceedings of 2011 International Conference on Electronic & Mechanical Engineering and Information Technology, IEEE,
Aug. 2011, pp. 1825-1828, doi: 10.1109/EMEIT.2011.6023459.

S. W. Chen, “Design of temperature control system in incubator,” Applied Mechanics and Materials, pp. 1317-1320, 2013, doi:
10.4028/www.scientific.net/ AMM.397-400.1317.

B. Oyebola and O. Toluwani, “LM35 Based Digital Room Temperature Meter: A Simple Demonstration,” Equatorial Journal of
Computational and Theoretical Science., vol. 2, no. 1, pp. 6-15, Jan. 2017.

S. S. M. Sheet, Z. G. Mohammed, K. N. Khaleel, and A. A. Abbas, “Smart Infant Incubator Based On Mega Microcontroller,” in
2019 2nd International Conference on Engineering Technology and its Applications (IICETA), IEEE, Aug. 2019, pp. 1-6, doi:
10.1109/I11ICETA47481.2019.9013004.

A. Kholig and Lamidi, “Analysis of Temperature Sensors with Proportional and Derivative Controls Applied to Infant Incubators,”
Journal of Biomimetics, Biomaterials and Biomedical Engineering, vol. 55, pp. 216-225, 2022, doi: 10.4028/p-f9uc3z.

Temperature response analysis between PD and PI controls applied to infant incubators (Abd. Kholiq)



506 a ISSN: 1693-6930

BIOGRAPHIES OF AUTHORS

Abd. Kholiq (g sc > studying Engineering Physics (S2) Master of Technology Institution
Sepuluh Nopember Surabaya from 2012-2014, as a lecturer in the field of electromedical
equipment types of life support equipment in the Department of Electromedical Technology
Polytechnic Health Ministry of Health Surabaya. Other activities carried out are conducting
community service activities as well as carrying out research activities. Current research is the
design of PID and fuzzy logic control systems on life support type medical equipment (baby
incubator) for room temperature stability as well as conducting research on sensors that have
to do with detection sensors on the equipment parameters to be better. Currently, he is also an
active member of IKATEMI (Indonesian Electromedical Association). This organization aims
to improve the professionalism of electromedical technicians and medical technology in
Indonesia. He can be contacted at email: abd22@poltekkesdepkes-sby.ac.id.

Lamidi © RIES © studying Master of Technology Institution Sepuluh Nopember Surabaya
from 2012-2014, currently teaching at the Health Polytechnic of the Ministry of Health
Surabaya, Department of Electromedical Technology, by attending various courses and
training in the field of Electromedical Technology Engineering, this Department focuses on
the development, design, maintenance, and management of electronic medical devices and
electromedical systems used in the health sector, in addition to teaching also conducts research
on sensors that have to do with baby incubator equipment, and control systems on PID sensors
and fuzzy logic. Currently also a member of IKATEMI (Indonesian Electromedical
Association). This organization aims to improve the professionalism of electromedical
technicians and medical technology in Indonesia. He can be contacted at email:
lamidi@poltekkesdepkes-shy.ac.id.

Farid Amrinsani © i B3 © studying Diploma Il Electro-Medical Technology, Diploma IV
Electro-medical Technology, Electrical Engineering (S2) Master of Applied Engineering at
Surabaya State Electronics Polytechnic from 2014-2019, as an educational staff in the field of
basic electronics and programmable devices at the Department of Electro-medical
Technology, Surabaya Ministry of Health Polytechnic. Other activities carried out are
conducting community service activities and conducting research activities. Current research
is the design of PID and fuzzy logic control systems on life support type medical equipment
(baby incubators) for room temperature stability and conducting research on sensors that have
to do with detection sensors on equipment parameters to make it better. Currently, he is also
an active board member of IKATEMI (Indonesian Electromedical Association). This
organization aims to improve the professionalism of electromedical technicians and medical
technology in Indonesia. He can be contacted at email: far@poltekkesdepkes-sby.ac.id.

Anisia Yunita Maulani Argumery ki 12 active student of polytechnic of health
ministry of health surabaya. Currently joining the research team designing PID control
systems and fuzzy logic on life support type medical equipment (baby incubators) for room
temperature stability. She can be contacted at email: anisiayunita25@gmail.com.

Hafizh Aushaf Mahdy B4 12 obtained a Diploma Il Engineering majoring in
Electromedical Technology from the Health Polytechnic of the Ministry of Health Surabaya,
Indonesia, in 2022. Another activity carried out is conducting research activities. The current
research is the design of a PID control system and fuzzy logic on life support type medical
equipment (baby incubator) for room temperature stability and conducting research on sensors
that have to do with detection sensors on equipment parameters to make it better. He can be
contacted at email: p27838122069@gmail.com.

TELKOMNIKA Telecommun Comput El Control, Vol. 23, No. 2, April 2025: 495-506


https://orcid.org/0000-0002-3311-7016
https://scholar.google.com/citations?hl=id&user=ix5BeHMAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57310492700
https://www.webofscience.com/wos/author/record/JHS-7845-2023
https://orcid.org/0009-0003-2682-0875
https://scholar.google.com/citations?hl=id&user=TvKM0y0AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57338215200
https://www.webofscience.com/wos/author/record/JHS-7638-2023
https://orcid.org/0000-0002-5437-7167
https://scholar.google.com/citations?hl=id&user=9qIQ-yIAAAAJ&hl
https://www.scopus.com/authid/detail.uri?authorId=57566995500
https://www.webofscience.com/wos/author/record/MBV-3235-2025
https://orcid.org/0009-0006-7615-0939
https://scholar.google.com/citations?user=4aPm9w4AAAAJ&hl=id​
https://www.webofscience.com/wos/author/record/MBV-3792-2025
https://orcid.org/0009-0005-8374-2951
https://scholar.google.com/citations?hl=id&user=hK6QqjsAAAAJ
https://www.webofscience.com/wos/author/record/MBV-3946-2025

