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ABSTRACT 

 
The birth in early pregnancy and the lack of pregnancy nutrition can lead to birth problems and premature 
birth so that the baby easily induces hypothermia. Therefore, these babies require an incubator as a means 
of heating with standard temperatures between 32-37°C to help babies survive and to be able to adapt to the 
outside temperature. Nowadays, baby incubator on the market is using on-off control on the heating system. 
This condition has the disadvantage because the transient response time of the position of living long 
enough to off or conversely. This process certainly requires a large enough power to turn on and turn off the 
heater continuously. Therefore, we need a technology that is capable of controlling temperature 
conveniently. To overcome these problems we apply temperature control technique using Proportional-
Integral-Derivative (PID). In this prototype, a designed baby incubator inside there is a two-piece box (top 
and bottom). Top box is used to put sensors and sensor display. While the bottom one is used to put 
electronic circuits, heater, and fan. The temperature sensor used is a room temperature sensor SHT11, while 
the temperature sensor for baby is NTC type. Baby incubator temperature changes and can be seen in the 
form of the temperature display on the display device. PID values are obtained by using the Ziegler-Nichols 
1st method. Plant was fed by a unit-step input and the output response is obtained from the values of Kp = 
13,827, Ki = 0,576, and Kd = 82,962. Each value is used into the heating system and the obtained time 
achievement is 4 minutes 44 seconds with set point at 32°C. Hopefully, in the future this system can be 
very useful for nurses and hospitals, as well as it can be redeveloped for enhancement purposes 
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1. INTRODUCTION  

 
Premature babies are babies born under the age 

less than 37 weeks weighing 2500 g. Premature 
babies have thin skin and shiny. Therefore, 
premature babies have difficulty maintaining a 
constant body temperature [1]. In order to grow like 
other normal babies, they should be immediately 
put in a baby incubator with temperature ranges 
between 32-37°C. 

Baby incubators available on the market are 
using on-off control on the heating system to 
control the temperature in the incubator. This 
method has the disadvantage of the transient 
response time of the position of living long enough 
from the off position or conversely, and requires a 
large enough power to turn on and turn off the 
heater continuously. 

To overcome this, we need a method to control 
the temperature in order to further conserve power, 
which is in this paper we use Proportional- Integral-
Derivative (PID) control. PID control technique is 

likely to get a response that has a high degree of 
stability so that it can more accurately control the 
temperature and save energy compared to using the 
on-off control [2]. 

The purpose of this research is to design a baby 
incubator system with the capability of monitoring 
and controlling its temperature effectively using 
PID control. 

In this paper, we implement PID control to a 
baby incubator with following specifications: set 
point is set to 320 C, using ATmega328 in Arduino 
UNO R3 board, power maximum of the heater is 
250 W and reference temperature is the temperature 
read from a temperature sensor SHT11. 

2. FUNDAMENTAL THEORY  

A. Baby Incubator 

Baby incubator is one of the medical devices in 
the form of a closed container of which the level of 
warmth can be regulated by means of heating the 
air to a certain temperature to warm the baby. When 
a premature baby birth weight below 2000 grams, 
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then the temperature in the incubator should be 
between 32°C. When weight less than 2500 grams, 
incubator temperature should be around 30°C. 
Incubator temperature will be reduced gradually 
every 10-14 days by one degree Celsius, so 
eventually the baby can adjust to the external 
environment [3][4]. 

B. Proportional, Integral, and Derivative (PID) 

Proportional, Integral, and Derivative (PID) is 
one method of automatically controlling a plant. It 
is one of the most famous and being used methods. 
PID is a control method that is derived from a 
combination of control methods Proportional, 
Integral, and Derivative [5]. 

 

Fig. 1. Representation Of PID Controllers [5] 

The transfer function of the PID controller in 
parallel form as Fig 1.[6]:  
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where Kp is the proportional gain, Ki is the 

integration coefficient and Kd is the derivative 
coefficient. Ti is the integral time constant and Td 
is the differential time constant. These parameters 
are tuned in order to get best performance 
according to the design of the system [7]. 

C. The Ziegler-Nichols 1st Tuning Method 

 The tuning method of PID controller is based 
on Ziegler Nichols 1st tuning method. 1st method is 
based on plant response of unit-step input in the 
open-loop system. Plant that does not have a 
dominant integrator complex-conjugate poles, it 
will produce a curve in response to unit-step input 
as the shape of the S (S-shaped). 

 

Fig. 2. Unit-Step Response Of A Plant [6] 

Plant response curve will then be used to find 
the delay time (L) and time constant (T) with the 
help of a tangent. 

 

Fig. 3. S-Shaped Response Curve [6] 

 
From the response curve, the value of Kp, Ti, 

and Td can be searched with the values of L and T 
that were obtained previously [6]. 

TABLE I ZIEGLER-NICHOLS 1ST TUNING TABLES  

AGAINST THE STEP RESPONSE OF THE PLANT [6] 

 
 

D. Arduino Uno 

 The Arduino Uno is a microcontroller board 
based on the ATmega328. Arduino UNO has 14 
pins input/digital output (6 pins can be used as 
PWM outputs), 6 analog input pins, 16 MHz 
ceramic resonator, a USB connection, a power jack, 
an ICSP header, and a reset button [8]. 

 

Fig. 4. Arduino Uno Module [9] 

 

E. SHT11 sensor module 

 SHT11 sensor module contains a temperature 
module and a humidity sensor. Some of the 
specifications of the SHT11 sensor module, are: a 
temperature measurement range of -40°C to 
+123,8°C, a relative humidity of 0% RH to 1% RH, 
temperature measurement accuracy of up to 0,5°C 
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in temperature 25°C and accuracy relative humidity 
measurements up to 3,5% RH [10][11]. 

 

Fig. 5. SHT11 Sensor And SHT11 Sensor Module [10][11] 

 

F. NTC (Negative Temperature Coefficient) Sensor 

Negative Temperature Coefficient (NTC) is a 
sensor that will shrink resistance value if the 
temperature around it rises and conversely when the 
temperature around the NTC decreases the 
resistance value would get bigger [12]. 

NTC resistance value is measured at a reference 
temperature of 25°C. It requires calibration of the 
resistance value to temperature readings, because 
its output is not a direct reading of the temperature 
[13]. 

G.  PWM (Pulse Width Modulation) 

PWM is a mechanism for generating an output 
signal that repeats periods between logic high and 
low. We can control the duration of the high and 
low signal in accordance with what we want. Duty 
cycle is the percentage of high signal period and the 
period of the signal, and this percentage will be 
directly proportional to the average voltage 
generated [14]. 

 

Fig. 6. PWM Signal [14] 

 

3. TOOLS AND SYSTEMS DESIGN  

A. Model System  

Designing a baby incubator temperature control 
system consists of two parts: hardware and system 

temperature setting. An overview of the incubator 
temperature control system can be seen in Fig. 7. 

 

Fig. 7. Incubator Temperature Control System Model 

 

B. Hardware Design 

Hardware design is made according to the 
conditions today, which consists of designing the 
sensor, heater driver circuit design, hardware and 
overall system design. 

C. Design of Sensor 

Two temperature sensors will be used, namely 
SHT11 and NTC. SHT11 temperature sensor serves 
as an incubator room sensor, while NTC 
temperature sensor serves as the baby's body 
sensor. SHT11 and NTC here have been on-set 
through the calibration process. 

 

Fig. 8. NTC Sensor  

 

 

Fig. 9. SHT11 Sensor Module 

 

D. Design of Heater Driver 

The design of the heater driver is to build an AC 
to DC driver, which is useful to simplify the 
process of temperature regulation in baby 
incubator. The setting value is done by the Arduino 
PWM using PID controller.  
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Fig. 10. Heater Driver Circuit 

 

E. Overall Design Hardware System 

Temperature regulation is done by regulating 
the amount of heat generated by the heating 
element. Temperature magnitude is measured by 
the output of the temperature sensor SHT11 and 
used as input to the feedback controller. 

Input from sensors, is compared by a controller 
to input set point (desired temperature). That two 
variables are processed by the PID based Arduino 
Uno and issued in the form of PWM value. PWM 
value is then used as input to voltage controller 
block to turn on and turn off the heating element.  

 

Fig. 11. Basic Block Diagram Of The Temperature Control 

System 

 

Fig. 12. System Conditioning Flowchart 

 

F. Software Design 

In this research, the authors use the method of 
Proportional, Integral, and Derivative (PID) of the 
Arduino IDE and programming software. 

 

Fig. 13. Arduino IDE Program 

 

G. PID Source Code  

Programming of PID in this paper is using the 
Arduino IDE software. The source code is done in 
two stages, namely the initialization parameters of 
PID and PID main system programming. The first 
step in programming is to determine the PID 
parameters needed. Some variables are determined 
such as the value of the input, the output value, the 
value of the set point, the value of Kp, the value of 
Ki, and the value of Kd. Once the initializing 
parameters of the PID-parameters are determined, 
the next step is the main program implementation. 

 

4. TESTING AND ANALYSIS   

A. Testing System 

Testing of the baby incubator temperature 
control system is divided into two parts. The first is 
measured at the temperature conditioner and then 
compared with measurements made with an analog 
thermometerr. 

The second part is the temperature measurement 
of the incubator system settings to get the PID 
parameters (Kp, Ki, and Kd). Determining of the 
value of Kp, Ki, and Kd is done by Ziegler-Nichols 
1st   method. After obtaining the values of Kp, Ki, 
and Kd then it will be applied to the plant to know 
the response of the plant and then carried out the 
analysis to look at the effect of the PID system. 

B. Temperature Conditioning Device Testing 

Temperature and humidity readings that are out 
of the SHT11 sensor are already in the form of 
digital signals, while the outputs of the NTC sensor 
is still in the form of resistance,  not in the form of 
temperature, so it must be processed and converted 
into a form using the Steinhart-Hart formula (3). 
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Before performing measurements on the 
temperature sensor NTC, firstly NTC sensor is 
going through the calibration process by as much as 
4 times of the calibration scenarios with the room 
thermometer, namely 10, 20, 30, and 40 trials on 3 
set point temperature, at a temperature of 7°C, 
27°C, and 47°C. 

C. PID Control Designing and Testing 

PID control system design in this researchl is 
done by Ziegler-Nichols 1st method. This method 
gives the plant a unit-step input form. Therefore, 
the plant does not have the integrator so that it yield 
curve response of unit-step input as the shape of the 
S (S-shaped). This response curve will be used to 
find the delay time (L) and time constant (T) with 
the help of a tangent. From the values of L and T, 
we obtain later sought value Kp, Ki, and Kd with 
the aid of Ziegler Nichols tuning table. These 
variables then are applied to the plant to see the 
response with a PID control system. 

The first step in this design is that we provide 
input to the plant, which is the value of Kp = 1, Ki 
= 0, and Kd = 0 and obtain the response graph. 

 

Fig. 14. Plant Output Response Graph With Kp = 1, Ki = 
0, And Kd = 0 

 
The second step is to find the value of the delay 

time (T) and time constant (L) with the addition of 
the tangent line on the graph output response of the 
plant. Through calculation, obtained value of L = 
12 and T = 138,27 so the value of Kp = 13,827, Ki 
= 0,576, and Kd = 82,962. 

D. TestingAnalysis 

Analysis performed to further explanation is 
about how the qualities of each system part from 
the temperature sensor of the incubator to the PID 
control system. 

E. ReadingAnalysis of Incubator Temperature 

Temperature sensor reading on a device carried 
by the NTC sensor and read out SHT11 produces 
almost the same value. Temperature readings by 
SHT11 sensor at 23,80°C, NTC sensor at 23,47°C 

and room thermometer at 24°C. The comparison 
result of sensor NTC, sensors SHT11 and room 
thermometer is about 1-3 %. When compared with 
existing theory, the value of the NTC sensor 
reading error results if the readings is still 
performed at a temperature range up to 200°C with 
an error of 0,2%. The difference between data sheet 
and actual temperature readings is occurred due to 
the lack of calibration of the device. The more 
number of calibrations performed at NTC sensor 
(infinite worth), the more accurate readings on the 
sensor NTC. 

F. Testing Analysis of PID Control System 

From the calculation of the Ziegler-Nichols 1st 
method, a score Kp = 13,827, Ki = 0,576, and Kd = 
82,962. These values are then used again to control 
plant and temperature responses obtained as 
follows. 

 

Fig. 15. Response Of The Plant Output With 

Kp = 13,827, Ki = 0,576, And Kd = 82,962 

 

 

Fig. 16. Parameters Rise Time (Tr), Settling Time (Ts), 
And The Steady State Error (Ess) With Kp = 13,827, Ki 

= 0,576, And Kd = 82,962 

 
Using PID parameters Kp=13,827, Ki=0,576 

and Kd=82,962 result rise time (Tr) 200,47 s, 
settling time (Ts) 306,16 s, and the steady state 
error (Ess) 29,16%.  

According to the practical test on PID 
parameters, parameter Kd needs to be changed to 
see the result of the response plant. Testing is done 
by changing the value between  80 and 70. The first 
test is Kd=80 fixed value of Kp and Ki. These 
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values are then used to control plant and 
temperature responses obtained are as follows.  

 

Fig. 17. Parameters Rise Time (Tr), Settling Time (Ts), 

And The Steady State Error (Ess) With Kp = 13,827, Ki 

= 0,576, And Kd = 80 

 
In this condition, the obtained rise time, settling 

time and steady state error are 188,65 s, 285,67 s, 
and 20%. 

The second test is done with Kd=70 and fixed 
value of Kp and Ki. The obtained rise time, settling 
time and steady state error are 165,2 s, 259,19 s, 
and 21,875%. 

 
Fig. 18. Parameters Rise Time(Tr), Settling Time (Ts), 

And The Steady State Error (Ess) With Kp = 13,827, Ki 
= 0,576, And Kd = 70 
 

5. CONCLUSION   

 

In this paper, analyses and design of PID based 
baby incubator is presented. The design is proposed 
to replace the conventional on off baby incubator to 
convenient purpose. Based on the experimental 
tests, the system is performing well. 
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