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Abstract 

Insulators are vital components in electrical power transmission systems, yet they are susceptible to 

degradation caused by electrical and environmental stresses. This study aims to analyze Partial Discharge 

(PD) characteristics in glass and porcelain insulators as an early indicator of insulation failure. Experimental 

testing involved a step-wise increase in AC voltage from 5 kV to 20 kV, alongside simulations of extreme 

conditions using exposure to a flame to trigger flashover phenomena. Discharge activity was detected using a 

PMDT PDetector instrument in accordance with the IEC 60270 standard. The results indicate that within the 

5–15 kV range, the insulators exhibited stable performance with PD magnitudes below 20 dB. However, at 20 

kV, a significant anomaly was observed in the glass insulator, characterized by a magnitude spike reaching 

174 dB across the 360° phase, signaling a transition toward total failure. Phase-Resolved Partial Discharge 

(PRPD) pattern analysis demonstrated that thermal stress drastically lowers the air breakdown voltage 

threshold near the insulator surface. The study concludes that high-frequency detection methods are highly 

effective for the non-intrusive monitoring of insulation conditions, thereby helping to prevent catastrophic 

failures in electric power systems. 
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I. INTRODUCTION 

A transformer is an electromagnetic device 

that transforms voltage and current levels to meet 

specific system requirements. Operating based on 

Faraday's law of induction, transformers are 

classified in various ways depending on their 

operating voltage levels and specific applications 

within electric power systems. Generally, power 

generation plants are located far from end-users; 

consequently, transmitting power from the plant to 

the load requires high voltages such as 150 kVor 

extra-high voltages, such as 500 kV. Upon 

reaching the load center (the point of 

consumption), the voltage is stepped down to a 

medium voltage of 20 kV. 

A High-Frequency Current Transformer 

(HFCT) is an electromagnetic sensor specifically 

designed to detect high-frequency transient current 

pulses triggered by partial discharge (PD) activity. 
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Unlike conventional current transformers, the 

HFCT utilizes a high-permeability ferrite core, 

enabling operation across a wide frequency 

bandwidth typically ranging from a few hundred 

kHz to tens of MHz. A key advantage of this 

technology is its non-intrusive nature; the sensor 

can be installed on a grounding conductor without 

disrupting the ongoing operation of the power 

system. With its ability to capture nanosecond-

duration signals, the HFCT can extract critical PD 

parameters such as charge magnitude and 

discharge phase patterns making it a highly 

effective instrument for characterizing the 

insulation of high-voltage equipment, including 

ceramic insulators. 

Glass insulators are external insulation 

components made of toughened glass that serve as 

both mechanical supports and electrical separators 

in power transmission systems. 
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Structurally, these insulators possess high 

dielectric strength and resistance to aging caused 

by ultraviolet exposure and environmental 

pollution. A unique characteristic of glass 

insulators is their transparency, which allows for 

the early detection of internal defects through 

direct visual inspection. However, under operating 

conditions involving high humidity or the 

accumulation of surface contaminants, these 

insulators are susceptible to surface discharge 

phenomena. 

If allowed to persist, this partial discharge 

activity can trigger thermal degradation, ultimately 

leading to the complete failure or "self-shattering" 

of the insulator. High-Frequency Current 

Transformer (HFCT) sensors offer a superior, non-

intrusive diagnostic approach. HFCTs are capable 

of capturing transient current pulses with very 

short rise times in the MHz frequency range—a 

key characteristic of partial discharge signals. By 

installing an HFCT on the grounding path, 

discharge activity in ceramic or glass insulators 

can be detected without compromising the stability 

of the operating system. The data obtained via the 

HFCT can then be used to analyze Phase-Resolved 

Partial Discharge (PRPD) patterns to identify the 

type and severity of defects in the insulator. 

Partial discharge testing of suspension 

insulators particularly at voltage levels relevant to 

medium-voltage distribution systems, such as 20 

kV is crucial for evaluating insulator dielectric 

quality both prior to installation and during 

maintenance. The 20 kV level is significant, as 

even minor insulation defects can easily trigger 

measurable partial discharge activity. 

 

II. LITERATURE REVIEW 

Glass insulators are critical components in 

electric power systems, manufactured from 

toughened glass via a thermal tempering process to 

achieve optimal mechanical strength and dielectric 

stability. Structurally, this material offers 

advantages over porcelain due to its homogeneous 

and non-porous nature, thereby minimizing the risk 

of premature aging caused by moisture absorption. 

Key technical advantages of glass insulators 

include their self-cleaning capability regarding 

pollutants and their transparency, which facilitates 

the identification of both internal and external 

damage as Fig.1. 

 

 
Figure 1. Glass insulator 

 

Glass insulators are frequently exposed to 

pollution and moisture, which trigger the formation 

of a conductive layer on their surfaces. This 

condition gives rise to leakage currents that are 

periodically interrupted by localized heating—a 

phenomenon known as dry-band formation. This 

process is a primary trigger for partial discharge 

(PD) activity on the insulator surface (see Figure 

2). Persistent PD activity subjects the glass 

structure to significant thermal and electrical 

stress, potentially leading to total insulation failure 

or flashover, thereby threatening the stability of the 

power transmission system. The conditions under 

which PD occurs within air gaps can be estimated 

using Paschen's law, which relates gas breakdown 

voltage to pressure and the distance between 

electrodes within the gas, as fig.2 

 

Figure 2. PD under normal conditions. 

 

Analyzing partial discharge characteristics in 

glass insulators requires instruments with high 

frequency sensitivity, given that PD pulses have 

extremely short durations on the nanosecond scale. 

Partial discharge charge; 

 

Energy Partial Discharge ; 

q = Cc⋅ΔV............... (1) 

W≈21q⋅Vcacat .......... (2) 

 

Power Partial Discharge P≈∑(qi⋅Vaplikasi⋅f) .(3) 
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III. RESEARCH METHODS 

This study aims to analyze the characteristics 

of Partial Discharge (PD) a localized electrical 

discharge phenomenon bridging a small portion of 

the glass insulation on a conductor. This 

phenomenon is identified as a crucial indicator of 

micro-defects or dielectric weaknesses on the 

surface or within high-voltage insulation materials 

prior to total failure. In this test, the glass insulator 

sample is connected to a high-voltage source via 

an electrode system. The experimental procedure 

involves incrementally increasing the AC voltage 

to observe the PD inception threshold in the 

material. To simulate extreme environmental 

conditions and the effects of contamination that 

could trigger catastrophic failure, a flame source is 

directed at the insulator surface to represent the 

thermal stress that induces flashover. 

Fluctuations in the magnitude of Partial 

Discharge (PD) values in the range of 10 dB to 20 

dB at voltage levels of 5 kV to 15 kV reflect the 

initial phase of dielectric instability that is sensitive 

to changes in mechanical or thermal loads. To 

obtain a stable and localized indication of PD 

activity, the test procedure must be complemented 

by continuous monitoring of the Phase-Resolved 

Partial Discharge (PRPD) pattern. This PRPD 

pattern allows the separation of random 

environmental noise from the actual PD pulses 

synchronous with the AC voltage waveform. When 

the pulse clusters begin to concentrate consistently 

at a specific phase angle (usually near the peaks of 

the positive and negative cycles), it is a strong 

indicator that partial failure activity has locked on 

to a specific point of insulation weakness. 

Once a stable emission pattern is identified, 

the localization of high electrical stress areas can 

be confirmed using a combination of High-

Frequency Current Transformer (HFCT) sensors in 

the grounding system and ultrasonic acoustic 

sensors along the physical equipment. By 

analyzing the time-of-flight differences between 

fast electromagnetic signals and slower acoustic 

signals, the geometric coordinates of electrical 

hotspots can be mapped with high accuracy. The 

stabilization of the magnitude within a certain dB 

range accompanied by a shrinkage of the PRPD 

cluster area confirms that the insulation 

degradation is no longer the result of a transient 

external phenomenon, but rather a manifestation of 

the intense electric field concentration in internal 

defects such as voids or material delamination. 

 

 

 

 
Journal of Electrical Technology, Vol. 11, No. 2, Juni 2026 

 

 
Figure 3. Isolator Testing 

 

Figure 4, Heating of the Insulator 

 

IV. RESULTS AND ANALYSIS 

4.1 Data analysis 

Testing in dry and clean conditions with a 

frequency of 50 Hz, the data shows that the Partial 

Discharge (PD) activity in glass insulators has a 

characteristic magnitude that varies with the 

increase in test voltage. In the voltage range of 5 

kV to 15 kV, the highest magnitude recorded is at 

a relatively low and stable level, which is between 

10 dB to 20 dB. This phenomenon indicates that at 

this voltage level, the charge is still localized and 

has not shown signs of massive insulation 

degradation, in accordance with the expected 

characteristics of glass insulators that have high 

dielectric strength in clean conditions. 

PD activity tends to be dominant at 90° and 

270° phase angles, which represent the positive 

and negative peaks of the sinusoidal wave. 
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This confirms the occurrence of surface 

discharge or corona phenomena in areas of highest 

electrical stress. However, a significant anomaly 

was found in the 20 kV test, where a magnitude 

spike of 174 dB occurred at 360°. This extreme 

spike indicates a very large discharge intensity, 

which technically indicates that the insulator is 

entering a critical phase leading to total insulation 

failure or flashover (Table 1). 

 

Table 1. Data Measurement 
 

 
 

The drastic increase in magnitude at 20 kV 

voltage in the final phase of the cycle (360°) is 

most likely triggered by the thermal stress factor 

from the simulated flame gas directed at the 

insulator surface. The high temperature of the 

flame causes a decrease in the air density around 

the glass surface, thus facilitating air ionization 

that leads to large discharges. These results prove 

that although glass insulators have good insulating 

properties under normal conditions, exposure to 

extreme thermal contamination significantly 

lowers their breakdown voltage threshold. These 

findings provide strong validation for the use of 

the HFCT method and the PMDT PDetector 

instrument in accurately identifying critical points 

of insulation failure based on the IEC 60270 

standard. Figure 5. At the test voltage is increased 

to 20 kV. 

At this stage, an extreme PD magnitude spike 

occurs, reaching 174 dB at a 360° phase angle. 

This value indicates a thousands-fold increase in 

discharge intensity compared to the previous stage. 
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Technically, this spike indicates that the 

insulator is no longer experiencing only a 

microscopic partial discharge but has entered a 

transition phase leading to total insulation failure, 

or flashover, which bridges the entire creepage 

distance, as fig,5 
 

 
Figure 5. PD Magnitude Graph 

The spike of 174 dB in the 360° phase is 

closely related to the simulation of extreme 

environmental conditions in the form of exposure 

to flame gas on the insulator surface. The high 

temperature generated by the flame source causes 

thermal expansion of the air around the glass 

surface, which directly reduces the density of air 

molecules. This decrease in density makes the 

electron ionization process easier, so that at a 

voltage of 20 kV, the penetrating strength of air 

decreases drastically and triggers a large charge 

release which is recorded accurately by the high 

frequency sensor PMDT instrument, figure 6. 

PD characterization using high frequency 

detection method is able to map the critical 

threshold of a glass insulator against 

environmental stress. The change in magnitude 

from stable category (below 20 dB) to destructive 

category (above 100 dB) provides a very valid 

indication for power system operators to take 

preventive action. The picture strengthens the 

argument that HFCT-based PRPD pattern 

monitoring is a crucial diagnostic strategy in 

maintaining the reliability of distribution and 

transmission systems from the risk of unexpected 

insulation failure in insulators. 
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Figure 6a. PD magnitude conditions 

 

Figure 6b. Surge conditions at 10 KV 

 

Figure 6c. 10 KV Surge Condition Graph 
 

Figure 6d. Surge conditions at 20 KV 
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Figure 6d. 20 KV Surge Condition Graph 

 

V. CONCLUSION 

 

5.1  Conclusion 

Partial Discharge (PD) characteristics of glass 

insulators have a significant dependence on the test 

voltage level and extreme environmental 

conditions. In the voltage range of 5 kV to 15 kV, 

the insulator shows stable dielectric integrity with 

the discharge magnitude remaining below the 20 

dB threshold, indicating that the discharge activity 

is still localized on the surface. However, a very 

extreme magnitude spike reaching 174 dB at a 

voltage of 20 kV at a phase angle of 360° occurs, 

indicating the transition from partial discharge to 

flashover phenomenon, which is triggered by a 

decrease in air density due to thermal stress from 

the simulated flame gas. The use of the PMDT 

PDetector instrument based on the IEC 60270 

standard for tools as a non-intrusive diagnostic 

method in mapping insulation health in real-time. 

The high-frequency sensor's ability to capture 

phase pattern anomalies (Phase Resolved Partial 

Discharge) provides accurate parameters to 

identify critical points of failure before permanent 

damage or self-shattering phenomena occur in 

glass materials. 

 

REFERENSI 

[1]. Fadzilah, F., Widiastuti, A., Setiawan, N., 

Fauzan, N., Fauzan, N., & Wahyudi, M. 

(2024). Characteristic Analysis of Partial 

Discharge Parameters in Air Insulation Using 

High Frequency Current Transformer. 2024 

16th International Conference on Information 

Technology and Electrical Engineering 

(ICITEE), 364-369. 

https://doi.org/10.1109/icitee62483.2024.108 

08443. 

 

 

 

 

71 

https://doi.org/10.1109/icitee62483.2024.10808443
https://doi.org/10.1109/icitee62483.2024.10808443


36 

 

 

 

ISSN : 2598 – 1099 (Online) ISSN : 2502 – 3624 (Cetak) 

 

 

[2]. Ortego, J., Garnacho, F., Álvarez, F., 

Arcones, E., & Khamlichi, A. (2024). 

Locating Insulation Defects in  HV 

Substations Using HFCT Sensors and AI 

Diagnostic  Tools.  Sensors  (Basel, 

Switzerland), 24. 

https://doi.org/10.3390/s24165312. 

[3]. Arcones, E., Álvarez, F., Ortego, J., & 

Garnacho, F. (2024). Novel Reference 

Method for the Characterization of PD 

Measuring Systems Using HFCT Sensors. 

Sensors (Basel, Switzerland), 24. 

https://doi.org/10.3390/s24123788. 

[4]. Aiamrungruang, P., Pannil, P., Dorkmai, K., 

Maneerot, S., Jeenmuang, S., & Pattanadech, 

N. (2024). The Experiment of Partial 

Discharge for Cast Resin Transformer. 12024 

IEEE 14th International Conference on the 

Properties and Applications of Dielectric 

Materials (ICPADM), 109-112. 

https://doi.org/10.1109/icpadm61663.2024.10 
750764. 

[5]. Hao, Z., Jiang, C., Cheng, D., Li, H., Liu, G., 

& Tang, Y. (2024). Research on the 

Application Possibility of Power Frequency 

Current Transformer on Partial Discharge 

Detection. 2024 IEEE 4th International 

Conference on Power, Electronics and 

Computer Applications (ICPECA), 829-834. 

https://doi.org/10.1109/icpeca60615.2024.10 

471115. 

[6].  Guastavino, F., Khan, I., Torello, E., Raza, 

M., & Giovanna, L. (2024). HVDC Defect 

Identification: Partial Discharges Signal 

Acquisition and Machine Learning 

Classification. 2024 IEEE Conference on 

Electrical Insulation and Dielectric 

Phenomena (CEIDP), 1-5. 

https://doi.org/10.1109/ceidp61745.2024.109 

07670. 

[7].  Yan, X., Cheng, C., Hu, J., Bai, Y., & Zhang, 

W. (2023). Design and implementation of a 

novel high-frequency current transformer for 

partial discharge measurements. IEICE 

Electron.   Express,   20,   20230450. 

https://doi.org/10.1587/elex.20.20230450.  

[8].  Khamlichi, A., Garnacho, F., & Simon, P. 

(2023). New Synthetic Partial Discharge 

Calibrator for Qualification of Partial 

Discharge Analyzers for Insulation Diagnosis 

of HVDC and HVAC Grids. Sensors (Basel, 

Switzerland), 23. 

https://doi.org/10.3390/s23135955. 

 

 

 

72 

Syofyan Anwar Syahputra etal, Identification Of Partial…… 

 

 

 

[9]. Chen, Y., Heredia, L., Smit, J., Niasar, M., & 

Ross, R. (2023). Partial discharge detection 

on power equipment using a magneto-

resistive sensor. International Journal of 

Electrical Power & Energy Systems. 

https://doi.org/10.1016/j.ijepes.2023.109270. 

[10]. Vera, C., Garnacho, F., Klüss, J., Mier, C., 

Álvarez, F., Lahti, K., Khamlichi, A., Elg, A., 

Mor, A., Arcones, E., Camuñas, Á., Pakonen, 

P., Ortego, J., Vidal, J., Haider, M., Rovira, 

J., Simon, P., & Squicciarini, A. (2023). 

Validation of a Qualification Procedure 

Applied to the Verification of Partial 

Discharge Analysers Used for HVDC or 

HVAC Networks. Applied Sciences. 

https://doi.org/10.3390/app13148214. 

[11]. Seo, M., Kim, Y., Park, J., & Kang, H. 

(2023). Partial Discharge Signal Detection 

using High Frequency Current Transformer. 

Journal of  the Korean Institute of 

Illuminating and  Electrical  Installation 

Engineers. 

https://doi.org/10.5207/jieie.2023.37.3.062. 

[12]. Gao, S., , J., Yin, Z., Zhuang, T., & Zhao, K. 

(2023). An Adjustable Flexible High 

Frequency Current Transformer Suitable for 

Partial Discharge Detection of Power 

Equipment. 2023 International Conference on 

Power System Technology (PowerCon), 1-4. 

https://doi.org/10.1109/powercon58120.2023. 

10331267. 

[13]. Kaziz, S., Said, M., Imburgia, A., Maamer, 

B., Flandre, D., Romano, P., & Tounsi, F. 

(2023). Radiometric Partial Discharge 

Detection: A Review. Energies. 

https://doi.org/10.3390/en16041978. 

[14]. Besharatifard, H., Hasanzadeh, S., Muyeen, 

S., & Kamwa, I. (2022). Evaluation of a 

calibration technique in measuring partial 

discharges inside mineral oils with a 

high-frequency current transformer (HFCT) 

sensor: A case study. IET Generation, 

Transmission & Distribution. 

https://doi.org/10.1049/gtd2.12699. 

[15]. Naderiallaf, H., Giangrande, P., & Galea, M. 

(2022). A Contribution to Thermal Ageing 

Assessment of Glass Fiber Insulated Wire 

Based on Partial Discharges Activity. IEEE 

Access, 10, 41186-41200. 

https://doi.org/10.1109/access.2022.3167698. 

[16]. Junaidi, A. (2021). Pengukuran dan Analisis 

High Frequency Current Transformer 

Pendeteksi Partial  Discharge. KILAT. 

https://doi.org/10.33322/kilat.v10i1.983. 

Journal of Electrical Technology, Vol. 11, No. 2, Juni 2026 

https://doi.org/10.3390/s24165312
https://doi.org/10.3390/s24123788
https://doi.org/10.1109/icpadm61663.2024.10750764
https://doi.org/10.1109/icpadm61663.2024.10750764
https://doi.org/10.1109/icpeca60615.2024.10471115
https://doi.org/10.1109/icpeca60615.2024.10471115
https://doi.org/10.1109/ceidp61745.2024.10907670
https://doi.org/10.1109/ceidp61745.2024.10907670
https://doi.org/10.1587/elex.20.20230450
https://doi.org/10.3390/s23135955
https://doi.org/10.1016/j.ijepes.2023.109270
https://doi.org/10.3390/app13148214
https://doi.org/10.5207/jieie.2023.37.3.062
https://doi.org/10.1109/powercon58120.2023.10331267
https://doi.org/10.1109/powercon58120.2023.10331267
https://doi.org/10.3390/en16041978
https://doi.org/10.1049/gtd2.12699
https://doi.org/10.1109/access.2022.3167698
https://doi.org/10.33322/kilat.v10i1.983


Syofyan Anwar Syahputra etal, Identification Of Partial…… ISSN : 2598 – 1099 (Online) ISSN : 2502 – 3624 (Cetak) 

 

 

 

[17]. Sánchez, R., Álvarez-Gómez, F., Vera-

Romero, C., & Rodríguez-Serna, J. (2020). 

Separation of Partial Discharge Sources 

Measured in the High-Frequency Range with 

HFCT Sensors Using PRPD-teff Patterns. 

Sensors (Basel, Switzerland), 20. 

https://doi.org/10.3390/s20020382. 

[18].  Ardiansyah, N., Khayam, U., & Nurdiansyah, 

R. (2020). Measurement of Partial Discharge 

on PCB using RC Detector, HFCT, and Loop 

Antenna. 2020 FORTEI-International 

Conference on Electrical Engineering 

(FORTEI-ICEE), 64-68. 

https://doi.org/10.1109/forteiicee50915.2020. 

9249908. 

[19].  Wu, Z., Lyu, B., Zhang, Q., Liu, L., & Zhao, 

J. (2020). Phase-space joint resolved PD 

characteristics of defects on insulator surface 

in GIS. IEEE Transactions on Dielectrics and 

Electrical   Insulation,   27,   156-163. 

https://doi.org/10.1109/tdei.2019.008361. 

[20].  Rahim, N., Ahmad, M., Nawawi, Z., Sidik, 

M., & Jambak, M. (2019). Partial Discharge 

Detection using Developed Low-cost High 

Frequency Current Transformer. 2019 

International Conference on Electrical 

Engineering and Computer Science 

(ICECOS), 74-78. 

https://doi.org/10.1109/icecos47637.2019.898 

4531. 

[21]. Rahim, N., Ahmad, M., Nawawi, Z., Sidik, 

M., & Jambak, M. (2019). Partial Discharge 

Detection using Developed Low-cost High 

Frequency Current Transformer. 2019 

International Conference on Electrical 

Engineering and Computer Science 

(ICECOS), 74-78. 

https://doi.org/10.1109/icecos47637.2019.898 

4531. 

[22].  Waldi, E., Frenzi, A., Fernandez, R., , D., , 

D., Laksono, H., , A., , N., Hazmi, A., Abral, 

H., Arief, S., Nawawi, Z., Ahmad, M., & 

Hozumi, N. (2019). Development of HFCT 

for partial discharge sensors. IOP Conference 

Series: Materials Science and Engineering, 

602. https://doi.org/10.1088/1757-

899x/602/1/012015 

[23].  Waldi, E., Frenzi, A., Fernandez, R., , D., , 

D., Laksono, H., , A., , N., Hazmi, A., Abral, 

H., Arief, S., Nawawi, Z., Ahmad, M., & 

Hozumi, N. (2019). Development of HFCT 

for partial discharge sensors. IOP Conference 

Series: Materials Science and Engineering, 

602. https://doi.org/10.1088/1757-

899x/602/1/012015 

[24].  Álvarez, F., Garnacho, F., Ortego, J., & Urán, 

M. (2015). Application of HFCT and UHF 

Sensors in On-Line Partial Discharge 

Measurements for Insulation Diagnosis of 

High Voltage Equipment. Sensors (Basel, 

Switzerland), 15, 7360 - 7387. 

https://doi.org/10.3390/s150407360 . 

[25]. Tikakosol, K. (2014). A measurement 

technique to identify and locate partial 

discharge in transformer with AE and HFCT. 

2014 IEEE Innovative Smart Grid 

Technologies - Asia (ISGT ASIA), 108-113. 

https://doi.org/10.1109/isgtasia.2014.6873773 

[26]. Fuangsoongnern, U., Plueksawan, W., & 

Tikakosol, K. (2013). PARTIAL 

DISCHARGE MEASUREMENT 

TECHNIQUE WITH AE AND HFCT FOR 

TRANSFORMER.  . 

https://doi.org/10.2316/p.2013.806-040. 

Journal of Electrical Technology, Vol. 11, No. 2, Juni 2026 73 

https://doi.org/10.3390/s20020382
https://doi.org/10.1109/forteiicee50915.2020.9249908
https://doi.org/10.1109/forteiicee50915.2020.9249908
https://doi.org/10.1109/tdei.2019.008361
https://doi.org/10.1109/icecos47637.2019.8984531
https://doi.org/10.1109/icecos47637.2019.8984531
https://doi.org/10.1109/icecos47637.2019.8984531
https://doi.org/10.1109/icecos47637.2019.8984531
https://doi.org/10.1088/1757-899x/602/1/012015
https://doi.org/10.1088/1757-899x/602/1/012015
https://doi.org/10.1088/1757-899x/602/1/012015
https://doi.org/10.1088/1757-899x/602/1/012015
https://doi.org/10.1088/1757-899x/602/1/012015
https://doi.org/10.1088/1757-899x/602/1/012015
https://doi.org/10.3390/s150407360
https://doi.org/10.1109/isgtasia.2014.6873773
https://doi.org/10.2316/p.2013.806-040

	Identification Of Partial Discharge Phenomena In Glass Insulator Testing Using Hfct
	Syofyan Anwar Syahputra*1, Muhammad Fadlan Siregar2, Muhammad Ikhwan Fahmi3, Mhd Fahmi Syawali Rizki4, Ahmad Faisal5
	Abstract
	I. INTRODUCTION
	II. LITERATURE REVIEW
	III. RESEARCH METHODS
	IV. RESULTS AND ANALYSIS
	4.1 Data analysis

	V. CONCLUSION
	5.1  Conclusion

	REFERENSI



