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This research presents an automated voltage regulation system crucial for a
power input test of electric irons based on SNI IEC 60335-2-3 clause 11.4.
The system is designed with an Arduino-based proportional-integral-
derivative (PID) control mechanism to augment voltage stability and meet
the standard requirement. The system comprises a microcontroller for PID
control, a dimmer as the actuator, and a voltage sensor for error
measurement. It utilizes the Ziegler-Nichols (Z-N) oscillation method to
determine the PID control parameters. The simulation results identified a
third-order transfer function as the best fit for the system, and the optimal
PID parameters for the system are Kp=60, Ki=125, and K¢=500. The system
was tested under the electric iron's active and non-active conditions. The
proposed PID system demonstrated stable responses, effectively regulating
the system voltage with minimal overshoot and settling time, and meeting
standard requirements even under varying load conditions. It suggests
potential applications beyond electric iron testing, promising efficiency
improvements in broader household product testing.
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1. INTRODUCTION

The Ministry of Industry (Mol) of the Republic of Indonesia has issued regulation No. 17/M-
IND/PER/2/2012 [1] as a regulation for the mandatory implementation of Indonesian National Standards
(SNI) SNI 60335 -1:2009 [2]. This regulation aims to improve the competitiveness of Indonesian home
appliance industries, ensure the quality of such products, and protect users against hazards with high-quality
electronic products [1]. The SNI IEC 60335-2-3:2009 clause 11.4 states that the home appliances with
heating elements are operated under normal conditions and at 1.06 times the rated input voltage. In addition,
home appliances with motors, transformers, and heating elements with an input voltage lower than the rated
voltage with a temperature rise over the limits shall be tested repeatedly with an input voltage of 1.06 times
the rated voltage [3]. To fulfill this clause requirement during the testing process, we typically supplied home
appliances with 1.06 times their rated voltage manually from the voltage source. In this research, we propose
a new test technique via automatic voltage regulator (AVR) using Ziegler-Nichols (Z-N) proportional-
integral-derivative (PID) control for supplying 1.06 rated voltage into the product.
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Numerous research topics focus on AVRs that employ voltage control in synchronous generators
and voltage regulators for three-phase applications [4], [5]. However, these AVRs are unsuitable for testing
single-phase electric iron. Additionally, their research findings maintain the generator's terminal voltage at its
nominal value using control methods such as neural networks, fuzzy logic, and PID control. Another research
paper discusses AVR simulation with tuning methods that enhance control signal amplitude and quality
factors in DC motor plants [6]-[8]. Still, it lacks a clear explanation of PID control for AVRs or PID
applications in testing technology. In this study, a single-phase AVR is designed and proposed using PID
control applied to an embedded system to test electric irons.

Designing an AVR is crucial for creating an effective test plan and conducting more controlled tests.
The AVR automatically generates stable test voltages as needed, enhancing the efficiency of testing time.
This paper proposes a new AVR system for electric iron testing using a Z-N PID-based Arduino approach.
The system includes the transfer function of the AVR, allowing it to control and stabilize the input voltage at
1.06 times the rated voltage.

2. METHOD

This research employs an experimental method with the following steps. The proposed test system
is shown in Figure 1. The input voltage is supplied by a slide transformer (TRIAC), which adjusts the input
voltage to 1.06 times the rated voltage [3]. The set point voltage can be entered using a keypad, and the
results are displayed on a 16x2 LCD screen on the system [9].
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Figure 1. Proposed diagram block AVR system

The (Z-N) PID method is used in controlling the program [10]. Figure 1 shows the block diagram of
the AVR system with a PID controller, with the Arduino as an essential part, as it is connected to both the
dimmer and the voltage sensor [11]. The PID controller optimizes the set point voltage as input (u), output
voltage (y), AC voltage as reference input (r), and error of the sensor (e) [12]. The basic PID in (1) and (2)
has input u, output y, the reference input r, and e value [13], [14].

Ko, Ki, and Kq are the constants of proportional, integral, and derivative components, respectively
[15]. The values of K; and Kq can be simplified using (3) and (4) [16]. Ti and Td represent the integral time
and derivative time in seconds, respectively [17]. The (Z-N) method can be divided into two approaches: the
Z-N open-loop method, which uses an S-shaped process reaction curve, and the Z-N closed-loop method,
which employs an oscillation curve [12], [18], [19].
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Figure 2 presents the results of the closed-loop method block diagram, where the integral time (T;) is
set to infinity and the derivative time (Tq) is set to zero [20]. The proportional (P) controller increases the
proportional gain constant from 0 to the critical or maximum value (Kc), resulting in a constant oscillation
curve [21]. Figure 2 determines the critical gain (K¢r) and the critical gain's period (Pcr). The gain parameters
for the Z-N close-loop method are set according to the values specified in Table 1 [12], [15].

W
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Figure 2. Oscillation curve of Z-N

Table 1. Z-N closed-loop method critical gain

Controller type Kp Ki T4
P 0.5 Ker 0 0
| 0.45Kcr  0.83 Pcr 0
D 0.6 Ker ~ 0.83 Pcr  0.83 Pcr

Various software tools have recently been developed to identify single-input single-output (SISO)
systems, such as MATLAB's system identification toolbox [22]. Input data from the plant affects the output
data in either the time or frequency domain. The input-output system results are utilized to identify the
transfer function parameters [23]. Additionally, pole-zero analysis assesses the system's stability [24].

The dimmer is connected to digital pin 2 of the microcontroller to set the output voltage. The
microcontroller code calculates the PID controller values to maintain the desired output voltage [11]. The
dimmer receives input from single-phase AC voltage, and the TRIAC adjusts the sine wave of the AC
voltage to zero using a zero-crossing detector [25]. The zero-crossing detector synchronizes the dimmer, as
the input from the mains supply can cause a slight phase shift that may result in anomalies in the output
performance [26]. The synchronizing pulse is buffered by a small-signal transistor 547 and connected to the
signal output header. The other TRIAC is connected to the electric iron as a load [27].

The voltage sensor uses a simple circuit that consists of a mini transformer and dual op-amp LM358
[28]. The mini transformer acts as a step-down transformer, converting the high-input voltage to a low-
voltage output. The transformer's low-voltage output is approximately 2.5 volts [9]. The LM358 and a
variable resistor work together to invert the negative AC voltage to a positive value, allowing the
microcontroller's analog input to read a voltage close to 5 volts. The voltage at the microcontroller's analog
input can be calculated using the equation provided in [23], where Ry is a limiting resistor in the input, and R
is the value of the variable resistor [27].

3. RESULTS AND DISCUSSION

The implementation of in (1)-(3) in microcontroller code is determined by the algorithm in pe. The
fote(dt) equal to the sum of error value from the voltage sensor and the previous error value. The (dfi—(tt))
equal to delta error of the voltage sensor. All of the data measured and calculated used in float type by
microcontroller. This section briefly explains the tuning methods in two subsections: the close-loop analysis

by simulation approach and the evaluation of the system using the electric iron.
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Algorithm 1. PID algortihm

Pesudocode

PID=(Kp*error)+(K;*integral error)+(Kq*derivative error);
error=r-y;

deltaerror=errorReadNow-errorReadPref;
integral=errorReadNow-+integral;

B=KI*integral;

C=KD*deltaErrorRead;

3.1. Closed-loop analysis

This study uses the closed-loop to determine the control gain of the AVR system. The AVR
response in the closed-loop system exhibits an oscillatory shape, as illustrated in Figure 3. This curve is used
to determine the value of P derived from the system's period of 1.6 s, and the K is 100. The closed-loop
calculations for K, Ki, and Tq are presented in Table 2.
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Figure 3. Closed-loop proposed test system oscillation curve

Table 2. Result of Z-N critical gain

Controller type Kp Ki Ty
P 50 0 0
| 45 1.33 0
D 60 1.33 1.33

The transfer function of the proposed system is simulated in the time domain for the input or output
system. This experiment uses three different order systems to simulate the proposed model. Table 3 shows
the proposed system's transfer function estimation in continuous time. It uses system identification by
MATLAB, which uses data from closed-loop measurements. The transfer function order is obtained from
trial and error of different number poles and zeros, for example, 1-pole and 2-zero, to obtain the 2" order
transfer function model.

Table 3. Simulation model approach

Order Transfer function model
1 ( 0.344 )
s2 4+ 7.69e¢706

2nd ( 1.521e%s + 1.167 )

524+ 4.101s + 10.45
31 ( 1522s — 3.153 )

s34+ 1.168s2 4 2.363s + 2.76
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Figure 4 illustrates the estimated model output with the best fit and pole-zero plot in different order
control systems. The 1%t order does not have an S-value in the numerator transfer function, so it does not have
a zero position. The zero positions of 2" and 3™ have the similar location. The 2" and 3 order have pole
positions on the left side as a stable region. Based on the simulation, the best fits for the 1%, 2", and 3" orders
are 3.122, -17.49, and 87.09, respectively. This result shows that the 3™ order transfer function best fits the
proposed system. Since it is on the 3™ (high) order system model, there is a potential for system instability

due to the feedback loop.
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Figure 4. Result of best fit measured data and simulation model

In contrast, Figure 5 shows that the pole of the 1%-order system is located at the same position as the
zero, placing it in an unstable region. The real and imaginary poles of the 2" and 3™ order systems are
approximately -2.1+j2.5 and -1.2+j1.5, respectively. The real component of the 2"%-order system is situated
further to the left compared to the 3-order system, which results in the 3-order model having an output
more similar to a closed-loop system.
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Figure 5. Pole-zero plot of measured data and simulation model

Figure 6(a) shows the PID system's response. The curve shows the system closely tracking the step
response curve under steady-state conditions with a set point value of 233 volts. The system response only
needs short rise-time (T,) and settling-time (Ts) to achieve steady state value. The values of T, and Ts are
2.24 s and 4.23 s, respectively. The steady-state error data is obtained after Ts is achieved. The undershoot at
T occurred before the steady state condition; hence, it does not influence the system. The average error (e) is
1.0052 volts with a maximum steady-state voltage of 234.52 volts. Furthermore, the system response has an
output voltage slightly different from the set point voltage. Figure 6(b) explains the pole-zero plot, indicating
a zero at the origin of the real and imaginary axes. The pole has a lower value than the closed-loop result, at
-0.065+0.028 J.
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Figure 6. Electrical iron testing response system with: (a) PID and (b) pole-zero plot

3.2. System evaluation

The validation of the PID system with a single electric iron is depicted in Figure 7 under two
conditions: with the heating element of the electric iron switched off and switched on. The proposed system
is tested using one electric iron and two electric irons in this experiment. With one electric iron, the PID
controller successfully maintains the AVR voltage within the set point limits, regardless of whether the
heating element is activated or not. During the off-condition, the system stabilizes within 20 s, with a T, of
9.7 s, a Ts of 16.4 s, and a maximum overshoot (M;) of 234.22 volts. In the on-condition, the system curve
has T: 6 s and T 12 s. The curve shows that M, and maximum undershoot (m,) are 1.5% and 1% off from the
set point when the heating element activates. The Mp and mp values also adhere to the standard requirement
of staying below 1.06 times the rated input voltage. The average of e is 1.502 volts with a maximum steady-
state error of 235.27 volts.

When using two electric irons, the AVR operates within voltage ranges close to the limits stipulated
by the standard. Figure 8 shows that the system experiences an off-condition in 8.8 s, witha T, of 26 s, a Ts
of 70.8 s, and an M, of 234.25 volts. This occurrence is attributed to using two electric irons, which
accelerates the system's performance compared to when only one electric iron is used as a load. The
simultaneous activation of the heating elements in electric irons no. 1 and no. 2 leads to an increase in the
maximum voltage utilized by the proposed system. Nevertheless, it remains compliant with regulations, with
a maximum voltage of 234.42 volts.

In this proposed system, the Z-N method can control an AVR and become fully automated to assist
in the testing of electric iron. This advancement promises to enhance testing efficiency and simplicity
significantly compared to previous methods. This system holds potential for broader applications beyond
electric iron testing, including other household product testing.
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Figure 8. System response uses two electric irons

4. CONCLUSION

This research paper proposes a Z-N PID-based controller system designed to regulate the input
voltage when testing electric iron. MATLAB's system identification tool identifies the proposed system as a
3 order transfer function with a best fit of 87.09 for closed-loop conditions. The Z-N PID-controlled system
demonstrates superior performance, characterized by its closed-loop s-curve response and minimal values in
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the pole-zero plot during system identification. Experimental testing is conducted using electric irons to
validate the proposed system, demonstrating its efficacy in meeting the input voltage standard requirement by
maintaining it within 1.06 times the rated voltage.

ACKNOWLEDGEMENTS

The authors would like to express their gratitude to the Research Center for Testing Technology and
Standard, National Research and Innovation Agency, Republic of Indonesia, and the research fund from the
National Research and Innovation Agency for providing financial support number 1/111.6/HK/2021
throughout this research.

REFERENCES

[11 M. of Industry, “Regulation of the Minister of Industry of the Republic of Indonesia Number 17/M-IND/PER/2/2012 (in
Indonesian: Peraturan Menteri Perindustrian Republik Indonesia Nomor 17/M-IND/PER/2/2012),” Ministry of Industry, 2012.

[2] International Electrotechnical Commission, “IEC 60335-1:2020 - Household and similar electrical appliances - Safety - Part 1:
General requirements,” 2020. Online [Available]: https://webstore.iec.ch/publication/61880. (Accessed: Oct. 20, 2022).

[3] IEC, “IEC 60335-2-3 Ed. 6.0 b:2012 - Household And Similar Electrical Appliances - Safety - Part 2-3: Particular Requirements
For Electric Irons,” 2012. [Online]. Available: https://webstore.iec.ch/publication/70368. (Accessed: Jun. 18, 2022).

[4] P. M. Patil and D. S. K. Patil, “Automatic Voltage Regulator,” in International Conference on Emerging Trends in Information
Technology and Engineering, ic-ETITE 2020, 2020, pp. 1-5, doi: 10.1109/ic-ETITE47903.2020.476.

[5] O.A.M.Omar, M. |. Marei, and M. A. Attia, “Comparative Study of AVR Control Systems Considering a Novel Optimized PID-
Based Model Reference Fractional Adaptive Controller,” Energies, vol. 16, no. 2, 2023, doi: 10.3390/en16020830.

[6] 1. A. A. Jamil and M. Moghavvemi, “Optimization of PID Controller Tuning method using Evolutionary Algorithms,” in 3rd
IEEE International Virtual Conference on Innovations in Power and Advanced Computing Technologies, i-PACT 2021, 2021, pp.
1-7. doi: 10.1109/i-PACT52855.2021.9696875.

[71 M. J. Lawal, S. U. Hussein, B. Saka, S. U. Abubakar, and I. S. Attah, “Intelligent fuzzy-based automatic voltage regulator with
hybrid optimization learning method,” Scientific African, vol. 19, p. e01573, 2023, doi: 10.1016/j.sciaf.2023.e01573.

[8] R.H.Mokand M. A. Ahmad, “Fast and optimal tuning of fractional order PID controller for AVR system based on memorizable-
smoothed functional algorithm,” Engineering Science and Technology, an International Journal, vol. 35, p. 101264, 2022, doi:
10.1016/j.jestch.2022.101264.

[91 W. Ardiatna, N. G. Pratiwi, S. W. Hidayat, P. Bakti, A. R. Hidayat, and I. Supono, “Proportional integral derivative-based aneroid
sphygmomanometer testing method,” Telkomnika (Telecommunication Computing Electronics and Control), vol. 20, no. 3, pp.
672-679, 2022, doi: 10.12928/ TELKOMNIKA.v20i3.23323.

[10] E. S. Ghith and F. A. A. Tolba, “Real-time implementation of an enhanced proportional-integral-derivative controller based on
sparrow search algorithm for micro-robotics system,” IAES International Journal of Artificial Intelligence, vol. 11, no. 4, pp.
1395-1404, 2022, doi: 10.11591/ijai.v11.i4.pp1395-1404.

[11] 1. Sukma et al., “Real-time wireless temperature measurement system of infant incubator,” International Journal of Electrical and
Computer Engineering, vol. 13, no. 1, pp. 1152-1160, 2023, doi: 10.11591/ijece.v13i1.pp1152-1160.

[12] K. Ogata, “Modern control engineering,” 4th ed. 2002, doi: 10.1201/9781315214573.

[13] A. Riansyah, S. Mulyono, and M. Roichani, “Applying fuzzy proportional integral derivative on internet of things for figs
greenhouse,” IAES International Journal of Artificial Intelligence, vol. 10, no. 3, pp. 536-544, 2021, doi:
10.11591/ijai.v10.i3.pp536-544.

[14] T. Alamirew, V. Balaji, and N. Gabbeye, “Comparison of PID controller with model predictive controller for milk pasteurization
process,” Bulletin of Electrical Engineering and Informatics, vol. 6, no. 1, pp. 24-35, 2017, doi: 10.11591/eei.v6i1.575.

[15] A. Visioli, “Anti-windup strategies,” Springer International Publishing, 1st ed., 2006, doi: 10.1007/1-84628-586-0_3.

[16] M. R. Rahimi Khoygani, S. Hajighasemi, and D. Sanaei, “Designing and Simulation for Vertical Moving Control of UAV System
using PID, LQR and Fuzzy logic,” International Journal of Electrical and Computer Engineerin, vol. 3, no. 5, 2013, doi:
10.11591/ijece.v3i5.3440.

[17] S. Singh, V. K. Tayal, H. P. Singh, and V. K. Yadav, “Optimal Design of Fractional Order PID Controllers for Solid Oxide Fuel
Cell System Employing PSO Algorithm,” AIUB Journal of Science and Engineering, vol. 21, no. 1, pp. 7-15, 2022, doi:
10.53799/ajse.v21i1.225.

[18] N. Allu and A. Toding, “Tuning with Ziegler Nichols Method for Design PID Controller at Rotate Speed DC Motor,” in IOP
Conference Series: Materials Science and Engineering, 2020, vol. 846, no. 1. doi: 10.1088/1757-899X/846/1/012046.

[19] I. Rajput, J. Verma, and H. Ahuja, “Performance evaluation of microgrid with extreme learning machine based PID controller,”
Bulletin of Electrical Engineering and Informatics, vol. 12, no. 4, pp. 1901-1907, 2023, doi: 10.11591/eei.v12i4.4029.

[20] S. M. Attaran, R. Yusof, and H. Selamat, “Short review on HVAC components, Mathematical model of HVAC system and
different PID controllers,” International Review of Automatic Control, vol. 7, no. 3, pp. 263-270, 2014.

[21] R. Aisuwarya and Y. Hidayati, “Implementation of ziegler-nichols PID tuning method on stabilizing temperature of hot-water
dispenser,” in 2019 16th International Conference on Quality in Research, QIR 2019 - International Symposium on Electrical and
Computer Engineering, 2019, pp. 1-5. doi: 10.1109/QIR.2019.8898259.

[22] N. Donjaroennon, S. Nuchkum, and U. Leeton, “Mathematical model construction of DC Motor by closed-loop system
Identification technique Using Matlab/Simulink,” in Proceeding of the 2021 9th International Electrical Engineering Congress,
iIEECON 2021, pp. 289-292, 2021, doi: 10.1109/iEECON51072.2021.9440305.

[23] N. N. Ab Rahman and N. M. Yahya, “A Mathematical Model of PD Controller-Based DC Motor System Using System
Identification Approach,” in Lecture Notes in Electrical Engineering, 1st ed., vol. 988, no. 1, 2023, pp. 263-276. doi:
10.1007/978-981-19-8703-8_22.

[24] 1. Podlubny, I. Petras, T. Skovranek, and J. Terpak, “Toolboxes and programs for fractional-order system identification, modeling,
simulation, and control,” in Proceedings of the 2016 17th International Carpathian Control Conference (ICCC), 2016, pp. 608—
612. doi: 10.1109/CarpathianCC.2016.7501168.

Design and development of automatic voltage regulator using Ziegler-Nichols PID for ... (Irawan Sukma)



3946 O3 ISSN: 2302-9285

[25] Y. T. Hsieh, H. H. Tsai, C. F. Su, and Y. Z. Juang, “A Novel Dimming Approach for Both TRIAC and Wall Switch LED
Lighting Systems,” in International Conference on Ubiquitous and Future Networks, ICUFN, 2018, vol. 2018-July, pp. 724-727.
doi: 10.1109/ICUFN.2018.8436717.

[26] A. Kumar, Fajr, T. N. Khajwal, and N. Khera, “Microcontroller Based Digital AC Dimming Techniques for Light Intensity
Control,” 2019 6th International Conference on Signal Processing and Integrated Networks, SPIN 2019, pp. 452-455, 2019, doi:
10.1109/SPIN.2019.8711661.

[27] M. J. Mnati, A. Van den Bossche, and R. F. Chisab, “A smart voltage and current monitoring system for three phase inverters
using an android smartphone application,” Sensors (Switzerland), vol. 17, no. 4, 2017, doi: 10.3390/s17040872.

[28] C. Ulices, M. Irma, and J. Carlos, “Design of an electronic device for the speed control of a motor in industrial applications using
IoT,” in Proceedings - 2021 International Conference on Mechatronics, Electronics and Automotive Engineering, ICMEAE 2021,
Nov. 2021, pp. 172-177. doi: 10.1109/ICMEAE55138.2021.00034.

BIOGRAPHIES OF AUTHORS

Irawan Sukma g 2 received Bachelor in Electrical Engineering from Sriwijaya
University, Indonesia in 2012 and Master degree in Electrical Engineering and Computer
Science from Kanazawa University, Japan in 2020. In 2024, He is currently a doctoral student
in Multiphase Fow and Visualization Laboratory, Chiba University, Japan. His researches
interest is sensor, chip, circuit design, and testing technology. He can be contacted at email:
irawan.sukma@brin.go.id.

Aji Dwi Suseno B 12 was born on December 11s, 1987 in Bogor, Indonesia. He
received his Bachelor's degree (S1) in Electrical Engineering from Ibn Khaldun University in
Bogor in 2021. His current research is focused on the first research topic on power systems
and control systems in the field of electrical engineering. Currently, he works as a lecturer in
the Department of Electrical Engineering at Ibn Khaldun University in Bogor. He can be
contacted at email: ajidwisusenoll@gmail.com.

Muhidin © 4 B3 € received his Bachelor's degree (S1) in Electrical Engineering from Ibn
Khaldun University in Bogor in 2012. Subsequently, he continued his studies and earned a
Master's degree (S2) in Electrical Engineering from the University of Indonesia in Depok in
2017. His current research is Electric Vehicle and Control System. Currently, he works as a
lecturer in the Department of Electrical Engineering at Ibn Khaldun University in Bogor. He
can be contacted at email: muhidin@uika-bogor.ac.id.

Prayoga Bakti B 2 received B.Eng. in Electrical Engineering from Ibn Khaldun
Bogor University, Bogor—West Java, Indonesia in 2008 and Master degree in Electrical
Engineering from Bandung Institute of Technology in Bandung, Indonesia in 2017. He also
works as visiting lecturer at University of Pamulang, South Tangerang. His research interest
are electrical safety and performance testing field. He can be contacted at email:
prayogabakti@gmail.com.

Bulletin of Electr Eng & Inf, Vol. 13, No. 6, December 2024: 3938-3947


https://orcid.org/0000-0001-6039-410X
https://scholar.google.com/citations?user=qke3F7IAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57202875702
https://www.webofscience.com/wos/author/record/2179176
https://orcid.org/0009-0006-8082-7180
https://orcid.org/0009-0004-0695-2691
https://scholar.google.co.id/citations?hl=en&user=-ospnQoAAAAJ
https://orcid.org/0000-0002-1558-4913
https://scholar.google.co.id/citations?user=3tuN8eQAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57203093714
https://www.webofscience.com/wos/author/record/4621537

Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 3947

Wuwus Ardiatna © B B8 © received B.Eng. degree in Engineering Physic from Sepuluh
Nopember Institute of Technology, Surabaya, East Java, Indonesia, in 2004, and master's
degree in Physic from The University of Indonesia, Depok, Indonesia. She has worked as an
Associate Process Engineer at Philips DAP Batam for 2 years. She is currently a researcher at
The National Research and Innovation Agency since 2021. She can be contacted at email:
wuwu001@brin.go.id.

Ihsan Supono £ B8 « received B.Sc. in Engineering Physics in 1999 and master degree
in instrumentation and Control in 2002 from Institute of Technology Bandung. He received his
PhD degree from University of Nottingham-UK in 2014. He also works as lecturer at
University of Pamulang, South Tangerang. His current research is in the field of safety and
reliability for electrical instruments and power electronics. He can be contacted at email:
ihsan.supono@brin.go.id.

Himma Firdaus © E{ 2 received a Bachelor's degree in Electrical Engineering from
Universitas Gadjah Mada, followed by the completion of a Master's degree in Electrical
Engineering from Universitas Indonesia. In 2019, he earned his Ph.D. in Nano Vision
Technology from Shizuoka University, Japan. He is a researcher specializing in Electrical,
Energy, and Environmental Testing Technology at the Research Center for Testing
Technology and Standard BRIN. His research interests including performance and safety
testing technology, multi-sensor applications, risk analysis, and decision support systems. He
can be contacted at email: himm002@brin.go.id.

Dwi Mandaris g 2 received Bachelor degree in Physics Sciences from Institute
Technology of Bandung (ITB) Indonesia in 2001 and Master Degree in Electrical Engineering
at the same University in 2012. He did his Ph.D. in 2020 within Power Electronics and EMC
(PE) (before 2018, formerly Telecommunication Engineering, TE Dept.) at University of
Twente — The Netherlands. Since 2005 until now, he is working as a researcher at Research
Center for Testing Technology and Standard, National Research and Innovation Agency
(BRIN). His research interest includes electromagnetic compatibility (EMC) test system, EMI
test environments, reverberation chamber (RC), and antenna for EMC measurements. He can
be contacted at email: dwi.mandaris@brin.go.id.

Design and development of automatic voltage regulator using Ziegler-Nichols PID for ... (Irawan Sukma)


mailto:wuwu001@brin.go.id
mailto:ihsan.supono@brin.go.id
https://orcid.org/0000-0002-1028-4014
https://scholar.google.co.id/citations?user=lbntrMsAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57202979652
https://www.webofscience.com/wos/author/record/4360143
https://orcid.org/0000-0002-4963-6160
https://scholar.google.co.id/citations?hl=en&user=tI42UmcAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=55962575000
https://www.webofscience.com/wos/author/record/4387678
https://orcid.org/0000-0003-3246-5577
https://scholar.google.co.id/citations?hl=id&user=Qtwr95gAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57203263400
https://orcid.org/0000-0002-3730-0803
https://scholar.google.co.id/citations?hl=en&user=PnHxohMAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57190869973
https://www.webofscience.com/wos/author/record/GMX-4546-2022

