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Abstract—Chamber insulation test on the Electric Energy Conversion and Power System Laboratory Electrical Engineering
University of Diponegoro used bulbs as heater and Ultrasonic Mist Maker as a humidifier in simulating a tropical climate but its
operation isn’t automatic and takes a long time to raise the temperature. Therefore, an automation system and appropriate control
method are needed to solve this problem. In this work, a temperature and humidity control system was designed using the
Proportional Integral (PI) control method utilizing the DHT22 sensor and the Atmega328p microcontroller as the center of control.
PI controller used as a temperature control with the parameter obtained through the Ziegler Nichols 1 tuning method. (Kp = 187.65
and Ti = 63.27). While the humidity control used the On-Off control method. The PI control method tested on 3 reference variations,
at 29°C, rose to 33°C, and dropped to 31°C was able to produce a stable system response according to the reference given. Then
when given a disturbance, the temperature can return to the reference and steady within 257 seconds. On-Off control as humidity
control also able to produce a system response that matches the reference even though it is still oscillating.
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1. INTRODUCTION

Indonesia was a country that has a tropical climate because it is located on the equator which is at the 230 27 'LU to 230 27' LS
boundary. This condition is characterized by high rainfall (1960 - 3185 mm), air temperature 20°C - 35°C but can reach 38°C in the
dry season, and relatively high air humidity between 50 - 98% RH. These conditions certainly greatly affect the performance of
insulators, especially outdoor insulators such as reduce breakdown voltage and durability.

The outdoor insulator tested with direct installation or tested in an insulator test chamber[1]. Temperature and humidity conditioning
to simulate the tropical climate is done by bulbs or another heater and using a steam generator or a humidifier[2]. Then the insulator
test chamber can simulate the tropical climatic conditions[3].

The insulator test chamber in the Electrical Energy Conversion Laboratory and the Electrical Engineering Power System of
Diponegoro University utilizes bulbs to produce heat and Ultrasonic Mist Maker as a humidifier. The hygrometer DHT22 sensor is
used to measure the temperature and humidity in the insulator test chamber[4]. But the use of bulbs as heater and Ultrasonic Mist
Maker has not been automatic (using switch) and requires a long time to raise the temperature. There are various methods to control
the temperature and humidity of the room, including using a pump, silica gel or thermoelectric cooler. Generally-the operation of
these devices uses the ON-OFF method [6]. One disadvantage of this method is the occurrence of oscillation. Therefore, the
automation system is needed to operate the insulator test chamber so that the temperature and humidity can be controlled according
to the reference[9].

The control method used also varies depends on the needs of the plant. Proportional Integral (PI) control method is widely
applied because it can control temperature changes to match the setpoint and has a fast response. So in this study, a temperature and
humidity control system was designed in the test chamber using PI control. The temperature and humidity range set in the insulator
test chamber is at 25°C - 37°C and 50 - 98% RH

2 MATERIAL AND METHODE
2.1 Hardware Design

Fig. 1 presents a block diagram selected in this study.The isolator test chamber uses a DHT22 sensor, heater box, Ultrasonic Mist
Maker, ATMega328p microcontroller, driver heater, relay, Liquid Crystal Display (LCD), and keypad and the required power supply.
A heater box as a heat generator is placed inside the insulator test chamber. A box to place Ultrasonic Mist Maker was placed outside
the chamber as a producer of water vapor. Water hose used to channel the water vapor into the chamber through a hole on the side of
the chamber. The box for the control circuit also placed outside the chamber equipped with an LCD to display temperature and
humidity measurement and a keypad to enter the setpoint of temperature and humidity value[13],[14].
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2.2 PI Control Design
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Fig 1. Block diagram of hardware design

Block diagram of this procedure is presented in Fig.2. P1 control used in the isolator test chamber can control the temperature in
the range of 25°C- 37°C. Tuning of Pl parameters (Kp and Ti) through the bump test experiment by sending a signal u (step) using a
potentiometer. The bump test experiment on PI control design was done by sending changes in the value of u in the form of pulse
values from 0% to 25% through a potentiometer. The actual temperature measured in the isolator test chamber was 26.6°C. The value
change of control action u was done when the temperature of the insulator test chamber reached a steady-state (PV0) then the value
of u is increased to 25%. After the temperature response reached a steady-state (PV1), Pl control parameters can be determined used

Ziegler Nichols formula[12][13].
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Fig 2. Block diagram of

bumptest experiment
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Fig 3. The result of bumptest experiment

Based on Figure 3, it can be seen that the process output is stable (achieving a steady state when given a change in u value) so that
the process model used is a self-regulating model or FOPDT model. The FOPDT model parameters can be determined with the

following steps [12]:
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1. L (Time of transportation delay) = 19 seconds.
2. T (Processing time) = 489 seconds.
3. K (Process static gain) = 0,1234 seconds.
Then the model of the isolator test chamber can be obtained from the equation:

G(s) = % e LS 1)
The response function of this system is :
G(s) = 0,1234 o195 )

489s+1"
Based on the three parameters above, Pl parameter values can be determined using the Ziegler Nichols 1 tuning method as

follows:

0.9T

0,9 x 489

~0,1234x19
= 187,6509

2. Ti =3,33xL
=3,33x19
= 63,27

2.3 Software Design

The Flowchart of PI Control Design is presented in Figure 4. Software used to apply the equation of the PI control method in a
discrete region into the program so that it can be processed by the Atmega328P microcontroller to control the temperature of the

insulator test chamber[14].
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Fig 4. Flowchart of Pl Control Design
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3. RESULT AND DISCUSSION

The PI control method can be used for temperature control in this study was tested on 3 reference variations and disturbance test.
While On-Off Control was used in humidity control tested on 3 reference value.

3.1 Temperature Testing

Tests were carried out to determine the ability of PI control in temperature control used in this research. The reference given in
these test are 29°C, then rise up to 33°C, down to 31°C, and disturbance test at 29°C. The result of the test is showed in Figure 5,6,
7,and 8.

The temperature reference given in the test is 29°C and the actual temperature in the insulator test chamber is 26,5°C. The response
system is presented in Figure 5.

32
31
30
29
28

Temperature (°C)

27 1 @ \/ariabel Proses
26 e Selpoint
25

1 201 401 601 801 1001 1201 1401 1601
Time (seconds)

Fig 5. System response to fixed temperature testing

When the control system is turned on, the heater start work to heat the room. In the chamber, the fan spread heat to all directions.
When the difference between the reference temperature and the room (error) decreases, the control signal will reduce the heater
power. When the error value is zero or negative, the control signal would turn off the heater. However, the heating element still
produced heat and spread to the surroundings, so the room temperature will continue to rise so that oscillation symptoms was occur.

Based on the results of testing to the fixed reference in Figure 5 it can be seen that the PI control is able to reach and maintain
the output temperature according to the 29°C reference with a transient response for delay time (Td) is 129 seconds, rise time (Tr) is
223 seconds, time peak (Tp) is 313 seconds, settling time (Ts) is 529 seconds, and the maximum overshoot (Mp) produced is 0.408%.

The temperature reference given in this test rised to 33°C from the actual temperature in the insulator test chamber was 29°C. The
response system is presented in Figure 6.
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Fig 6. System response to step up temperature reference

Based on the results of the test in Figure 6 it can be seen that the P1 control is able to reach and maintain the output temperature
according to the 33°C reference with a transient response response for delay time (Td) of 159 seconds, rise time (Tr) of 333 seconds,
time peak (Tp) is 393 seconds, settling time (Ts) is 533 seconds, and the maximum overshoot (Mp) produced is 0,262%. In this
testing, Oscilation value reduced abaut a half of previous testing.
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The temperature reference given in the test was changed to 31°C and the actual temperature in the insulator test chamber is 33°C.
The response system is presented in Figure 7.
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Fig 7. System response to step down temperature reference

Based on the results of the test in Figure 7 it can be seen that the PI control is able to reach and maintain the output temperature
according to the 31°C reference with a transient response response for delay time (Td) of 147 seconds, rise time (Tr) of 287 seconds,
time peak (Tp) is 375seconds, settling time (Ts) is 551 seconds, and the maximum overshoot (Mp) produced is 0,336%.

The testing was done by opening half of the door of the insulator test chamber for approximately 15 minutes when the system has

reached a stable state at temperature 29°C. This test aims to determine the ability of Pl control in maintain chamber temperature
responding to the disturbance .
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Fig 8. System response to temperature reference testing with disturbance

Based on the results of the test with disturbance in Figure 8 it can be seen that the disturbance is given at 525 seconds for
approximately 15 minutes. The system response is unstable and the temperature decreases far from the 29°C reference with the
lowest temperature being 28.1°C at the 628th seconds. The temperature then gradually rises again in seconds to 654 seconds. The
temperature increase continued and even reached a reference temperature of 29°C in the 782 seconds to 867 seconds but dropped

back and did not reach the reference temperature of 29°C anymore. Then at the 1326™ seconds, the door closes again and the
temperature rises until it reached a reference.

3.2 Humidity Testing

Tests were carried out to determine the ability of the On-Off control in humidity control used in this research. The reference given
in this test is 80%, 85%, and 90%. The result of the test is presented in Figure 9, 10, and 11.
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Fig 9. System response to fixed humidity testing at 80%

www.ijeais.org/ijeais
133



International Journal of Engineering and Information Systems (1JEAIS)
ISSN: 2643-640X

Vol. 10 Issue 6 June - 2026, Pages: 129-136

This humidity test was carried out in 1963 seconds or about 33 minutes. Based on the results of the test in Figure 9 it can be seen
that the On-Off control is able to reach and maintain the desired setpoint value which is at 80% humidity.
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Fig 10. System response to fixed humidity testing at 85%

This humidity test was carried out for 1524 seconds or about 26 minutes. Based on the results of the test in Figure 10 it can be
seen that the On-Off control is able to reach and maintain the desired setpoint value which is at 85% humidity.
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Fig 11. System response to fixed humidity testing at 90%

This humidity test was carried out for 1797 seconds or about 30 minutes. Figure 11 shows that the On-Off control is able to reach
and maintain the desired setpoint value which is at 90% humidity.

When the chamber humidity below the reference, the controller orders the ultrasonic mist maker to work changed water into
steam and spread it throughout the room so that the humidity will increase. When the chamber humidity is equal or higher than the
reference value, the PI controller will turn off the ultrasonic mist maker, so that the humidity does not increase.

4. CONCLUSION

Based on experiments and analysis of results, it can be concluded that the temperature and humidity control systems in the
isolator test chamber using the PI control method have been successfully realized. All PI control tests used the parameters Kp =
187.65 and Ti = 63.27. The results of tuning using the Ziegler Nichols 1 method have a good performance because it is able to

achieve and maintain the reference given in several variations and can overcome the disturbance given. On-Off control for humidity
control also works well in achieving and maintaining a given reference.

5. ACKNOWLEDGMENT

The authors would like to thank to everyone in Electrical Engineering Diponegoro University (UNDIP) who help and support
in this research.

REFERENCES

[1] M. Shigihara, A. Piantini, M. C. E. S. Ramos, C. P. Braz, A. Ancajima, “ Comparison of different procedures to predict the volt-
time curves of 15kV insulators”, Electric Power Systems Research, Volume 153, December 2017, Pages 82-87

[2] R. Boudissa, A. Bayadi, R. Baersch, “Effect of pollution distribution class on insulators flashover under AC voltage”, Electric
Power Systems Research, Volume 104, November 2013, Pages176-182

[3] A. Syakur, Yuningtyastuti, M.E.D. Setiaji, and A. Aprianto, “Unjuk Kerja Isolator 20kV Bahan Resin Epoksi Silane Silika
Kondisi Basah dan Kering,” vol.14, no.2, pp.68-72, 2012

www.ijeais.org/ijeais
134


https://www.sciencedirect.com/science/article/pii/S0378779616304205
https://www.sciencedirect.com/science/article/pii/S0378779616304205
https://www.sciencedirect.com/science/journal/03787796
https://www.sciencedirect.com/science/article/pii/S0378779613001594
https://www.sciencedirect.com/science/journal/03787796
https://www.sciencedirect.com/science/journal/03787796

International Journal of Engineering and Information Systems (1JEAIS)
ISSN: 2643-640X
Vol. 10 Issue 6 June - 2026, Pages: 129-136

[4] Amparo Borrell, Lorena Gil, Alvaro Presenda, Maria D. Salvador, Rodrigo Moreno , “Influence of relative humidity and
low temperature hydrothermal degradation on fretting wear of Y-TZP dental ceramics”Wear, Volumes 428-429, 15 June
2019, Pages 1-9

[5] Avneesh Kumar, Wojciech Pisula, Klaus Miillen , “Effect of humidity and temperature on proton conduction in phosphonated
copolymers Materials Today Communications”, In press, corrected proof, Available online 26 May 2019, Article 100539

[6] Amir Guidara, Ghofrane Fersi, Faouzi Derbel, Maher Ben Jemaa ,”Impacts of Temperature and Humidity variations on RSSI in
indoor Wireless Sensor Networks”Procedia Computer Science, Volume 126, 2018, Pages 1072-1081

[7] S. G. Leonardi, W. WIlodarski, Y. Li, N. Donato, G. Neri ,”A highly sensitive room temperature humidity sensor based on 2D-
WS2 nanosheets”FlatChem, Volume 9, May 2018, Pages 21-26

W. Shi, S. Zhang, M. Wang, W. Zheng ,”Design and performance analysis of soil temperature and humidity sensor”, IFAC-
PapersOnLine, Volume 51, Issue 17, 2018, Pages 586-590

[8] M. A. Limantara, ‘“Perancangan Sistem Supervisory Control And Data Acquisition (Scada) dalam Pengendalian Suhu Pada
Prototype Hot Room,” 2017.

[9] Adamu Murtala, Zungeru, Mmoloki Mangwala ,Joseph Chuma, Baboloki Gaebolae , Bokamoso Basutli, “Design and simulation
of an automatic room heater control system”

https://www.sciencedirect.com/science/article/pii/S2405844018304602

[10] Bangjun Li, Lingji Hua, Yaodong Tu, Ruzhu Wang , “A Full-Solid-State Humidity Pump for Localized Humidity Control”,
Joule, Volume 3, Issue 6, 19 June 2019, Pages 1427-1436

[11] Dinesh Shetty, Nagesh Prabhu ,”Ziegler Nichols method based Robust reactive current controller for STATCOM?”,Energy
Procedia, Volume 117, June 2017, Pages 543-550

[12] Victor M. Alfaro, Ramon Vilanova, “Optimal Robust Tuning for 1DoF PI/PID Control Unifying FOPDT/SOPDT Models’,
IFAC Proceedings Volumes, Volume 45, Issue 3, 2012, Pages 572-577

[13] Jan Cvejn, “Sub-optimal PID controller settings for FOPDT systems with long dead time Journal of Process Control”, Volume
19, Issue 9, October 2009, Pages 1486-1495

[14] A. Jaelani, “Purwarupa Pengering Pakan Ikan Menggunakan Metode Kontrol Pi Berbasis Mikrokontroler,” 2018.

[15] F. F. Riza, “Perancangan Sistem Pengendali Suhu dan Memonitoring Kelembaban Berbasis ATmega8535 Pada Plant
Inkubator,” pp. 1-11, 2008.

[16] B. S. Yudho, H. Hikmarika, and S. Dwijayanti, “Aplikasi Perbandingan Pengendali P, PI, Dan PID Pada Proses Pengendalian
Suhu Dalam Sistem Mini Boiler,” J. Amplif., vol. 3, no. 2, pp. 12-18, 2013.

[17] 1. Dzikrul, “Aplikasi Kendali Proporsional Integral Pada Sistem Pengontrolan Suhu Studi Kasus Pengencer Susu Bayi
Otomatis,” no. September, pp. 1-8, 2012.

www.ijeais.org/ijeais
135


https://www.sciencedirect.com/science/article/pii/S0043164818314224
https://www.sciencedirect.com/science/article/pii/S0043164818314224
https://www.sciencedirect.com/science/journal/00431648
https://www.sciencedirect.com/science/article/pii/S235249281930159X
https://www.sciencedirect.com/science/article/pii/S235249281930159X
https://www.sciencedirect.com/science/journal/23524928
https://www.sciencedirect.com/science/article/pii/S187705091831322X
https://www.sciencedirect.com/science/article/pii/S187705091831322X
https://www.sciencedirect.com/science/journal/18770509
https://www.sciencedirect.com/science/article/pii/S2452262718300060
https://www.sciencedirect.com/science/article/pii/S2452262718300060
https://www.sciencedirect.com/science/journal/24522627
https://www.sciencedirect.com/science/article/pii/S2405896318312527
https://www.sciencedirect.com/science/journal/24058963
https://www.sciencedirect.com/science/journal/24058963
https://www.sciencedirect.com/science/article/pii/S2405844018304602#!
https://www.sciencedirect.com/science/article/pii/S2405844018304602#!
https://www.sciencedirect.com/science/article/pii/S2405844018304602#!
https://www.sciencedirect.com/science/article/pii/S2405844018304602#!
https://www.sciencedirect.com/science/article/pii/S2405844018304602#!
https://www.sciencedirect.com/science/article/pii/S2405844018304602
https://www.sciencedirect.com/science/article/pii/S2542435119301588
https://www.sciencedirect.com/science/journal/25424351
https://www.sciencedirect.com/science/article/pii/S1876610217323688
https://www.sciencedirect.com/science/journal/18766102
https://www.sciencedirect.com/science/journal/18766102
https://www.sciencedirect.com/science/article/pii/S1474667016310874
https://www.sciencedirect.com/science/journal/14746670
https://www.sciencedirect.com/science/article/pii/S0959152409001218
https://www.sciencedirect.com/science/journal/09591524

International Journal of Engineering and Information Systems (1JEAIS)
ISSN: 2643-640X
Vol. 10 Issue 6 June - 2026, Pages: 129-136

0000000000000000

Authors

Budi Setiyono, born in Purbalingga on May 21st, 1970, completing his undergraduate
andmaster's degrees in the Electrical Engineering Department of Gadjah Mada University in
the field of Electronic Signal Processing. Has been a lecturer in Electrical Engineering
Department Diponegoro University since 2000. The field of science is a technique of automatic
control with specialization in modeling and intelligent Control

Abdul Syakur, born in Timbangreja on April 22nd, 1972, Bachelor degree in Diponegoro
University majoring electrical engineering in 1997.Receive a Master degree in Institute of
Bandung Technologymajoring electrical engineering in 2002. Philosophy doctor of electrical
engineeringat Gadjah Mada University in 2015. Has been a lecturer at theDepartment of
Electrical Engineering, Diponegoro University, Semarang, Indonesia since 1999.His research
interest are in Electrical Materials, and High Voltage Testing.

Widyantoro Tri Pamungkas, born on November17th, 1995 in Semarang Regency. Bachelor
of ElectricalEngineering in Diponegoro University in 2018.Consentrate in Instrumentation and
Control Engineering.

www.ijeais.org/ijeais
136



