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 Constant current-constant voltage (CC-CV) is one of the battery charging 

methods that is commonly used. However, this method has several 

drawbacks, including the charging current in constant current (CC) mode, 

which can only be set to a maximum of 0.3 C on lead acid batteries, 

resulting in a relatively long charging duration. Therefore, in this research, 

the multi-step constant current-constant voltage (MCC-CV) method of 

battery charging system is developed where this method can use a greater 

charging current, resulting in a significant reduction in charging duration by 

using multiple current setpoints in MCC mode, with the initial setpoint 

current can be set beyond 0.3 C, which is 0.34 C in this system. This system 

uses a DC-DC single-ended primary inductance converter (SEPIC) converter 

as a battery charging control system, equipped with a power cut-off relay 

when the charging current reaches 0.05 C in constant voltage (CV) mode. 

From the test results obtained, the MCC-CV method can charge the battery 

to its full capacity faster than the CC-CV method with a difference of 15.34 

minutes and the relay on the system can work properly. 
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1. INTRODUCTION 

Secondary batteries are becoming more popular in energy storage systems for modern technologies 

such as electric vehicles, renewable energy storage systems, smart grid systems, backup energy systems in 

ATS, and many other applications [1]-[6]. Lead acid batteries are one of the types of secondary batteries that 

are rechargeable [7], [8]. The advantage of this battery is that its maintenance costs are cheaper than other 

types of secondary batteries, making it suitable for use in industry and households [9], [10]. 

Practically, there are several methods of charging batteries, such as the constant current-constant 

voltage (CC-CV) method [3], [11]. The CC-CV charging method combines the constant current (CC) 

charging process, followed by the constant voltage (CV) method [12], [13]. In the CC-CV charging method 

applied to lead acid batteries, the CC mode setpoint current value can only be set between 0.1 C-0.3 C, 

resulting in a relatively long battery charging duration [14]. If regulated beyond 0.3 C, it can potentially 

damage the battery caused by a large current at a large battery charging voltage. Overcharging can also occur 

in the battery charging process when the battery capacity is already full and the CV charging process is still 

working, which can damage the battery [3]. To achieve CC charging above 0.3 C, a charging system that can 
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change the current setpoint value when the cut-off voltage is reached is needed, thereby reducing the 

potential for reduced battery life and shortening the battery charging duration. 

Based on the problem mentioned above, a multi-step constant current-constant voltage (MCC-CV) 

battery charging method is proposed in this journal. In this charging method, several charging current 

setpoints are determined and then continued with the constant voltage charging method to maximize battery 

charging to full battery capacity. In this study, the DC-DC single-ended primary inductance converter 

(SEPIC) converter is used as a battery charging system to regulate the output value of current and voltage to 

the battery according to the MCC-CV method that has been designed. SEPIC converters were chosen for 

their high power efficiency, reduced current ripple on the input and output sides of the converter, and non-

inverting output voltage polarity [15], [16] To prevent potential overcharging, the system uses a relay to cut 

off the power flow to the battery when the battery charging current reaches 0.05 C in CV mode. The battery 

used in the system is a lead-acid battery. In the MCC-CV method, the current value can be set beyond 0.3 C 

in lead acid batteries, where in this system, a current of 0.34 C is used in the first current step, then the 

setpoint current value is set lower in the next step. 

 

 

2. RESEARCH METHOD 

From the block diagram of Figure 1, a battery charging system is made using a SEPIC converter, 

where the charging method used is the MCC-CV method. In the charging method, several charging steps are 

applied with different CC until the battery capacity is full, with the current value in the initial step high and 

the current value decreasing at each step switch. Switching the charging current step occurs when the 

charging voltage is close to the battery cut-off voltage value. When the mode switching condition at the last 

current step is met, the charging method changes from MCC to CV. The voltage source in the system uses a 

power supply to supply power that will be stored in the battery. The parameters used in the system can be 

seen in Table 1. 
 

 

 
 

Figure 1. MCC-CV charging system block diagram 
 

 

Table 1. System parameter 
Component Description 

Battery type Lead acid battery 

Battery capacity 26 Ah 
Battery terminal voltage 12 volt 

Battery cut off voltage (V cut-off) 14.4 volt 

DC-DC converter SEPIC converter 
Microcontroller STM32F103C8T6 

Current and voltage sensor ACS712, voltage divider 

 

 

2.1.  Multi-step constant current–constant voltage 

MCC-CV has a working method similar to the CC-CV charging method, but in the CC charging 

method, several current steps are determined to maximize the time used for charging. In the charging method, 

several steps are applied with different constant setpoint currents until the last current step, with the current 

value in the initial step high and the current value decreasing at each step displacement [17]. Current step 

switching is performed when the battery charging voltage reaches the battery cut-off voltage value. During 

the step switching, the voltage at the battery terminals decreases due to the reduced charging current value, 

and then the voltage value will increase until it reaches the cut-off voltage value again. When the mode 
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switching condition at the last current step is met, the method changes from MCC to CV. In the MCC-CV 

method, the setpoint current value can be set to exceed the safe limit value for the CC-CV method, whereas, 

in lead acid batteries, this MCC-CV method can set the initial setpoint current value to exceed 0.3 C [14]. 

Setting the setpoint above 0.3 C can effectively increase the charging power value of the battery, with the 

charging duration performed relatively faster than the CC-CV method. The graph of current and voltage 

characteristics of the MCC-CV method can be seen in Figure 2, while the algorithm of the MCC-CV method 

can be seen in Figure 3. 
 
 

 
 

Figure 2. MCC-CV voltage and current waveforms 
 

 

 
 

Figure 3. MCC-CV algorithm flowchart 
 

 

Figure 3 explains how battery charging works. In the MCC-CV charging method in this system, the 

number of steps used is 5 in CC mode. The step change is carried out sequentially from CC1 to CC5 until the 

change from CC5 to CV mode. The charging current value at CC1 is determined from the battery rating used, 

the CC5 charging current value is determined randomly, and then the CC2, CC3, and CC4 current values can 

be calculated from the predetermined CC1 and CC5 values using (1) to (4) [18]: 
 

CC2 = √𝐶𝐶1 𝑥 𝐶𝐶3 (1) 
 

CC3 = √𝐶𝐶2 𝑥 𝐶𝐶4 (2) 
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CC4 = √𝐶𝐶3 𝑥 𝐶𝐶5 (3) 
 

where the CC3 value can also be calculated using: 
 

CC3 = √𝐶𝐶1 𝑥 𝐶𝐶5 (4) 
 

notes: CC1 is setpoint current charging step 1; CC2 is setpoint current charging step 2; CC3 is setpoint 

current charging step 3; CC4 is setpoint current charging step 4; CC5 is setpoint current charging step 5; Ich is 

battery charging current; Vch is battery charging voltage; and VCut-Off is voltage cut-off. 

In this battery charging system, the first current step (CC1) is determined to be a setpoint of 0.34 C 

from the battery Ah, which is 9 A, the fifth current step (CC5) is determined to be a setpoint of 0.15 C from 

the battery Ah, which is 4 A. For the battery charging step displacement voltage value, a value of 14.4 V is 

determined. From the specified CC1 and CC5 values, then: 
 

CC3 = √9 𝑥 4 = 6 𝐴  
 

CC2 = √9 𝑥 6 = 7.35 𝐴  
 

CC4 = √6 𝑥 4 = 4.9 𝐴  
 

After obtaining the MCC-CV calculation, the value of the CC-CV planning is determined as a 

comparison method, where the CC-CV method uses a current of 0.3 C from the Ah battery, which is 7.5 A. 

From the results of the above calculations, the MCC-CV and CC-CV planning that will be compared can be 

seen in Table 2. 
 

 

Table 2. Charging method design 
Charging method CC1 CC2 CC3 CC4 CC5 CV 

MCC-CV 9 A 7.35 A 6 A 4.9 A 4 A 14.4 V 
CC-CV 7.5 A     14.4 V 

 

 

At the beginning of charging, the CC1 step current is used with a CC for the first battery charging 

condition. The CC1 current value will be used continuously until the charging voltage reaches the battery 

cut-off voltage value. When the charging voltage value reaches the battery cut-off voltage value, the charging 

current changes to the next step. A step change will always occur when the battery cut-off voltage is reached 

at each CC1-CC5 charging current step. At CC5, when the charging step switching voltage value is reached, 

the charging method will change from CC to CV, with the battery charging voltage value set constant at  

14.4 V. The charging process in CV conditions will continue until the charging current decreases until it 

approaches 5% of the battery Ah, which is 1.3 A. When the current of 5% of the battery Ah is reached, the 

battery capacity has been indicated to be full, so Relay1 is then changed to an open condition to stop the 

battery charging process. 

 

2.2.  Single-ended primary inductance converter converter 

Single-ended primary inductance converter or SEPIC converter is a type of converter that can 

produce the desired output voltage by increasing and decreasing the input voltage [19]-[22]. SEPIC 

Converter produces a voltage with the same polarity between the input and output voltage. The addition of 

capacitors and inductors to the SEPIC converter can also reduce current ripple [16], [20], [23], [24]. In this 

case, the value of the SEPIC input voltage parameter is 35.6 V, which is the output value of the power 

supply. The SEPIC output voltage parameter is 14.4 V, which is the battery charging voltage, so the duty 

cycle calculation can be obtained by calculating using (5) as [23]: 

 

V𝑜 =
V𝑠 x D

1−𝐷
 (5) 

 

notes: Vo is output voltage (V); Vs is input voltage (V); and D is duty cycle. 

A SEPIC converter can adjust the output voltage to be greater or smaller than the input depending 

on the duty cycle that has been planned, so this converter is suitable for many applications [25]. The duty 

cycle value can be used to adjust the converter to increase and decrease the desired output. This converter 

generally also uses inductors, capacitors, diodes, and switching transistors for the calculation of inductors and 

capacitors can be seen in (6) and (8) as [19], [20]: 
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C =
V𝑜 x D

𝑅 𝑥 𝛥𝐶1 𝑥 𝑓𝑠
 (6) 

 

R =
Vo

Io
 (7) 

 

L =
Vs x D

𝛥𝐼𝐿 𝑥 𝑓𝑠
 (8) 

 

notes: R is resistance (ꭥ); L is inductor (H); C is capacitor (F); Vo is output voltage (V); Vs is input voltage 

(V); fs is frekuensi (Hz); 𝛥𝐼𝐿 is ripple current (A); and Io is output current (A). 

The planning of the SEPIC converter includes the amount of duty cycle influenced by the desired 

output voltage, which is in accordance with (5). In planning the SEPIC converter to reduce the voltage ripple, a 

filter is added from the capacitor at the input and output of the converter. Determination of the output current 

used in this system is obtained from 34% of the battery capacity used/0.34 C. As for determining the value of 

resistance, capacitance, and inductance obtained in (6)-(8). From the calculation using (6)-(8). the value of each 

component used to determine the output parameters of the sepic converter can be seen in Table 3. 

 

 

Table 3. SEPIC converter design 
Parameter Value Unit 

Vs 35.6 Volt 

Vo 14.4 Volt 

Is 5.62 A 
Io 9 A 

fs 40 kHz 

L1 228.042 µH 
L2 228.042 µH 

C1 4700 µF 

C2 4700 µF 

 

 

3. RESULTS AND DISCUSSION 

Figure 4 shown experimental system setup. In the test results conducted, the MCC-CV method has 

been implemented on the charging system that has been made and then compared with the CC-CV method. 

In the first test with the graph image shown in Figure 5, the MCC-CV and CC-CV charging methods work 

when the initial battery voltage condition before charging testing is 12.08 V, which is then charged to full 

voltage in CV mode. In the second test with the graph image shown in Figure 6, the MCC-CV and CC-CV 

charging methods work when the initial battery voltage condition before the charging test is 12.17 V, which 

is then charged to full voltage in CV mode. Testing with different initial voltages is carried out to determine 

the effect of the MCC-CV method on different initial battery voltages and compare it to the CC-CV method. 

From the two tests carried out, data in the form of charging duration for each method with different initial 

battery voltages can be seen in Tables 4 and 5. 
 

 

 
 

Figure 4. Experimental system setup 



TELKOMNIKA Telecommun Comput El Control   

 

Multi-step constant current-constant voltage charging method to … (Mochamad Ari Bagus Nugroho) 

1569 

 
 

Figure 5. Battery charging 1st test result using MCC-CV and CC-CV method with initial battery voltage 

12.08 V 
 

 

 
 

Figure 6. Battery charging 2nd test result using MCC-CV and CC-CV method with initial battery voltage 

12.17 V 
 

 

Table 4. Battery charging 1st test result using MCC-CV and CC-CV method with initial battery voltage  

12.08 V 
Charging 

method 
Battery initial voltage 

Charging time (m) 
Total charging time (m) Time difference (m) 

CC1 CC2 CC3 CC4 CC5 CV 

MCC-CV 
12.08 V 

70 6.83 6.17 6.17 6.67 65 160.83 
15.34 

CC-CV 91.17     85 176.17 

 
 

Table 5. Battery charging 2nd test result using MCC-CV and CC-CV method with initial battery voltage  

12.17 V 
Charging 
method 

Battery initial 
voltage 

Charging time (m) Total charging time 
(m) 

Time difference 
(m) CC1 CC2 CC3 CC4 CC5 CV 

MCC-CV 12.17 V 

 

57.17 6.83 5.33 5.33 5.83 53.33 133.83 
7.17 

CC-CV 71.67     69.33 141 

 
 

Using the designed MCC-CV current step values, the CC2 to CC5 modes obtained relatively similar 

charging durations in both the first and second tests. The duration of CC1 and CV charging varies based on 
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the initial battery voltage condition before charging, with the duration in both modes being faster in tests with 

higher initial battery voltage. The duration also applies to the CC-CV method. In test 1 of the MCC-CV 

method, a difference in charging duration of 15.34 minutes was obtained compared to the CC-CV method. 

This was also true in test 2, although the difference in charging duration between the MCC-CV and CC-CV 

methods was lower, at 7.17 minutes. The cause of the lower charging duration difference is due to the higher 

initial battery voltage condition before charging, causing a reduced charging duration in CC1 mode. 

With the implementation of CV charging mode, the battery capacity can be met close to 100%, but 

the disadvantage of CV charging is the relatively long charging duration. The application of the MCC-CV 

method in the tests carried out succeeded in reducing the charging duration of the CV mode significantly, 

causing the total charging duration to be faster than the CC-CV mode. In the CC-CV method, the CV mode 

(14.4 V) works at a considerable current (0.3 C/7.5 A), potentially reducing battery life. By using the MCC-

CV method, the CV mode (14.4 V) works after the mode switching condition at CC5 (0.15 C/4 A) is met, so 

the CV mode works with a lower uncontrolled current, which can reduce the potential for reduced battery 

life. The use of relays in the charging system can work as desired, as shown in Figures 4 and 5, where the 

charging power flow is cut off by the relay when the charging current in CV mode has reached 0.05 C/1.3 A. 

 

 

4. CONCLUSION 

After system testing, the MCC-CV method is proven to shorten the battery charging duration. 

Applying the MCC method can significantly reduce the charging duration in CV mode compared to the 

conventional CC-CV method. At an initial battery voltage of 12.08 V, the difference in charging duration is 

15.34 minutes in testing the MCC-CV method with a CC1 current step of 0.34 C compared to the CC-CV 

method with a current of 0.3 C. In contrast, at an initial battery voltage of 12.17 V, the difference in charging 

duration is 7.17 minutes in testing the MCC-CV method with a CC1 current step of 0.34 C compared to the 

CC-CV method with a current of 0.3 C. The implementation of CV mode in the MCC-CV charging system 

can charge the battery capacity to nearly 100%. The charging power cut-off protection system using relays 

can work properly when the charging current in CV mode is close to 0.05 C current. 

 

 

ACKNOWLEDGEMENTS  

The author expresses gratitude to the Department of Electrical Engineering of Politeknik 

Elektronika Negeri Surabaya (PENS), Surabaya, for their cooperation in supporting this research. 

 

 

REFERENCES 
[1] M. M. Alhaider, E. M. Ahmed, M. Aly, H. A. Serhan, E. A. Mohamed, and Z. M. Ali, “New Temperature-Compensated Multi-

Step Constant-Current Charging Method for Reliable Operation of Battery Energy Storage Systems,” IEEE Access, vol. 8, pp. 
27961–27972, 2020, doi: 10.1109/ACCESS.2020.2972391. 

[2] X. Wu, C. Hu, J. Du, and J. Sun, “Multistage CC-CV Charge Method for Li-Ion Battery,” Mathematical Problems in 

Engineering, vol. 2015, 2015, doi: 10.1155/2015/294793. 
[3] A. Zainuri et al., “VRLA battery state of health estimation based on charging time,” TELKOMNIKA (Telecommunication 

Computing Electronics and Control), vol. 17, no. 3, pp. 1577–1583, 2019, doi: 10.12928/TELKOMNIKA.V17I3.12241. 
[4] J. H. Ahn and B. K. Lee, “High-Efficiency Adaptive-Current Charging Strategy for Electric Vehicles Considering Variation of 

Internal Resistance of Lithium-Ion Battery,” IEEE Transactions on Power Electronics, vol. 34, no. 4, pp. 3041–3052, Apr. 2019, 

doi: 10.1109/TPEL.2018.2848550. 
[5] T. Ikeya et al., “Multi-step constant-current charging method for electric vehicle, valve-regulated, lead/acid batteries during night 

time for load-levelling,” Journal of Power Sources, vol. 75, no. 1, pp. 101-107, 1998, doi: 10.1016/S0378-7753(98)00102-5 

[6] A. Tomaszewska et al., “Lithium-ion battery fast charging: A review,” eTransportation, vol. 1, 2019, doi: 
10.1016/j.etran.2019.100011. 

[7] P. Křivík, “Methods of SoC determination of lead acid battery,” Journal of Energy Storage, vol. 15, pp. 191–195, Feb. 2018, doi: 

10.1016/j.est.2017.11.013. 
[8] B. B. McKeon, J. Furukawa, and S. Fenstermacher, “Advanced lead-acid batteries and the development of grid-scale energy 

storage systems,” Proceedings of the IEEE, vol. 102, no. 6, pp. 951–963, 2014, doi: 10.1109/JPROC.2014.2316823. 

[9] C. M. Diniş, G. N. Popa, and A. Iagər, “Study on sources of charging lead acid batteries,” in IOP Conference Series: Materials 
Science and Engineering, Institute of Physics Publishing, Jun. 2015, doi: 10.1088/1757-899X/85/1/012011. 

[10] Z. Sun et al., “Spent lead-acid battery recycling in China – A review and sustainable analyses on mass flow of lead,” Waste 

Management, vol. 64, pp. 190–201, Jun. 01, 2017, doi: 10.1016/j.wasman.2017.03.007. 
[11] M. Ye, H. Gong, R. Xiong, and H. Mu, “Research on the Battery Charging Strategy with Charging and Temperature Rising 

Control Awareness,” IEEE Access, vol. 6, pp. 64193–64201, 2018, doi: 10.1109/ACCESS.2018.2876359. 

[12] A. Rachid, H. E. Fadil, and F. Giri, “Dual stage CC-CV charge method for controlling DC-DC power converter in BEV charger.” in 
19th IEEE Mediterranean Electrotechnical Conference (MELECON), 2018, doi: 10.1109/MELCON.2018.8379071. 

[13] J. Liu, Q. Duan, H. Chen, J. Sun, and Q. Wang, “An optimal multistage charge strategy for commercial lithium ion batteries,” 

Sustain Energy Fuels, vol. 2, no. 8, pp. 1726–1736, 2018, doi: 10.1039/c8se00235e. 
[14] I. Buchmann, “Charge Methods” in Batteries in a portable world: a handbook on rechargeable batteries for non-engineers, 

Cadex Electronics, 4th ed, British Columbia, Canada, 2017. 



TELKOMNIKA Telecommun Comput El Control   

 

Multi-step constant current-constant voltage charging method to … (Mochamad Ari Bagus Nugroho) 

1571 

[15] I. A. AlMohaisin, A. A. Mahfouz, and V. T. Akhila, “A review on SEPIC converter topologies.” International Journal of 
Research in Engineering, Science and Management, vol. 2, pp. 441-443, 2019 

[16] O. Kircioğlu, M. Ünlü and S. Çamur, "Modeling and analysis of DC-DC SEPIC converter with coupled inductors," in 2016 

International Symposium on Industrial Electronics (INDEL), Banja Luka, Bosnia and Herzegovina, 2016, pp. 1-5, doi: 
10.1109/INDEL.2016.7797807. 

[17] Y. Li, K. Li, Y. Xie, J. Liu, C. Fu, and B. Liu, “Optimized charging of lithium-ion battery for electric vehicles: Adaptive 

multistage constant current–constant voltage charging strategy,” Renewable Energy, vol. 146, pp. 2688–2699, Feb. 2020, doi: 
10.1016/j.renene.2019.08.077. 

[18] A. B. Khan and W. Choi, “Optimal Charge Pattern for the High-Performance Multistage Constant Current Charge Method for the Li-

Ion Batteries,” IEEE Transactions on Energy Conversion, vol. 33, no. 3, pp. 1132–1140, Sep. 2018, doi: 10.1109/TEC.2018.2801381. 
[19] D. W. Hart, “DC-DC Converters” in Power Electronics, McGraw-Hill, New York, NY, USA, 2010. 

[20] M. Verma and S. S. Kumar, "Hardware Design of SEPIC Converter and its Analysis," in 2018 International Conference on Current 

Trends towards Converging Technologies (ICCTCT), Coimbatore, India, 2018, pp. 1-4, doi: 10.1109/ICCTCT.2018.8551052. 
[21] I. Alhamrouni, M. K. Rahmat, F. A. Ismail, M. Salem, A. Jusoh, and T. Sutikno, “Design and development of SEPIC DC-DC 

boost converter for photovoltaic application,” International Journal of Power Electronics and Drive Systems, vol. 10, no. 1, pp. 

406–413, Mar. 2019, doi: 10.11591/ijpeds.v10.i1.pp406-413. 
[22] T. G. Raj and B. R. Kumar, "Design of SEPIC converter for BLDC motor from photovoltaic cell," 2017 IEEE International 

Conference on Electrical, Instrumentation and Communication Engineering (ICEICE), Karur, India, 2017, pp. 1-4, doi: 

10.1109/ICEICE.2017.8191871. 
[23] M. O. Ali and A. H. Ahmad, “Design, modelling and simulation of controlled sepic DC-DC converter-based genetic algorithm,” 

International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 11, no. 4, pp. 2116-2125, 2020, doi: 

10.11591/ijpeds.v11.i4.pp2116-2125. 
[24] A. Hren and M. Milanovič, “Dynamic analysis of SEPIC converter,” Automatika: časopis za automatiku, mjerenje, elektroniku, 

računarstvo i komunikacije, vol. 48, pp. 137-144, 2007. 

[25] K. A. Mahafzah and H. A. Rababah, “A novel step-up/step-down DC-DC converter based on flyback and SEPIC topologies with 
improved voltage gain,” International Journal of Power Electronics and Drive Systems, vol. 14, no. 2, pp. 898–908, Jun. 2023, 

doi: 10.11591/ijpeds.v14.i2.pp898-908. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Mochamad Ari Bagus Nugroho     received the Bachelor’s degree in Electrical 

Engineering from Politeknik Elektronika Negeri Surabaya (PENS) in 2017 and Master’s 

degree in Electrical Engineering from the Politeknik Elektronika Negeri Surabaya (PENS), 

Indonesia in 2019. His research interest is in power electronics technology, renewable energy, 

embedded controller, digital controller, and battery management system. He can be contacted 

at email: aribagus@pens.ac.id. 

  

 

Ahmad Dzihan Alifi     received his Diploma 3 degree in Electrical Engineering 

from Politeknik Elektronika Negeri Surabaya (PENS) in 2022. Currently, he is pursuing 

Bachelor’s degree in Electrical Engineering at the same university. His research interests 

include power electronics and renewable energy. He can be contacted at email: 

adzihanalifi@gmail.com. 

  

 

Suhariningsih     received the Bachelor’s degree in Control Engineering from 

Institut Teknologi Bandung (ITB) in 1999 and Master’s degree in Electrical Power System 

Engineering from the Institut Teknologi Sepuluh Nopember (ITS), Indonesia in 2009. Her 

research concentrates mainly on power electronics technology and digital control engineering. 

She can be contacted at email: nuning@pens.ac.id. 

  

https://orcid.org/0009-0007-8236-7509
https://scholar.google.com/citations?hl=en&user=tAaG8RYAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57354033200
https://www.webofscience.com/wos/author/record/GPX-2348-2022
https://orcid.org/0009-0000-0838-780X
https://www.webofscience.com/wos/author/record/LIC-9071-2024
https://orcid.org/0009-0006-9975-1702


                ISSN: 1693-6930 

TELKOMNIKA Telecommun Comput El Control, Vol. 22, No. 6, December 2024: 1564-1572 

1572 

 

Epyk Sunarno     was born in Ngawi, Indonesia on July 23, 1962. He received 

Bachelor’s degrees in Electrical Engineering from Institut Teknologi Bandung, Indonesia, in 

2000 and received Magister’s degree in Electrical Engineering from Institut Teknologi 

Sepuluh November Surabaya, Indonesia in 2009. He was joined Politeknik Elektronika Negeri 

Surabaya, Indonesia in 1991 as lecture. His research concentrates mainly on power system 

engineering and digital electronics engineering. He can be contacted at email: 

epyk@pens.ac.id. 

  

 

Eka Prasetyono     received the Bachelor’s degree in Electrical Engineering from 

Politeknik Elektronika Negeri Surabaya (PENS) in 2007 and Master’s degree in electrical 

engineering from the Institute Teknologi Sepuluh Nopember (ITS), Indonesia in 2010. He is 

currently a member of the Green Energy and Sustainability research center on Electrical 

Engineering Department of PENS. His research interest is in power electronics technology, 

automation, embedded controller, and digital signal processing. He can be contacted at email: 

eka@pens.ac.id. 

  

 

Dimas Okky Anggriawan     received the bachelor’s degree from Department of 

Electrical Engineering, Sepuluh Nopember Institute of Technology in 2013 and Master’s 

degree from Department of Electrical Engineering, Sepuluh Nopember Institute of Technology 

in 2015. Currently, he is a Lecturer at Politeknik Elektronika Negeri Surabaya. His laboratory 

is factory automation, which focus research in intelligence system, microcontroller, DSP, PLC 

and signal processing. His research interests are in power quality analysis, artificial intelligent, 

diagnostic and identification of power system fault, power system protection, and microgrid. 

He can be contacted at email: dimas@pens.ac.id. 

 

https://orcid.org/0009-0004-5827-2698
https://scholar.google.com/citations?hl=en&user=RF09n_wAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57194200518
https://orcid.org/0000-0002-9109-8861
https://scholar.google.com/citations?hl=id&user=OOt4qiwAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57190441595
https://www.webofscience.com/wos/author/record/AGO-0747-2022
https://orcid.org/0000-0002-1696-4192
https://scholar.google.com/citations?hl=en&user=cdJ14VAAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56596841200
https://www.webofscience.com/wos/author/record/AAB-7984-2021

