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Series arc fault diagnosis based on transmission line electrical signals using RF-LightGBM
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Abstract: To address the difficulty of diagnosing series arc faults on the main lines of low-voltage distribution systems, a
diagnostic method based on random forest (RF) and light gradient boosting machine (LightGBM) is proposed. The
method achieves effective fault identification by analyzing voltage signals from sampling resistors on the main line. First,
utilizing a series arc fault experimental platform with multiple branches and diverse load types, the characteristics of
sampling resistor voltage signals are collected and analyzed. It is found that under various operating conditions, arc fault
features typically appear as pulse spikes. Subsequently, the sampling resistor signals undergo low-frequency attenuation
processing to enhance the high-frequency pulse characteristics of the arc. The sudden change in abnormal pulse count
serves as the arc initiation criterion, and additional time-frequency domain features such as peak-to-peak value and power
spectral entropy are extracted. Finally, RF is employed to select key features, and the LightGBM algorithm is used for arc
fault diagnosis. Simulation results demonstrate that the proposed method achieves a diagnostic accuracy of over 96.67%
under unknown multi-load operating conditions, validating its robust generalization capability and high recognition
precision in complex circuit environments.
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Fig. 2 Arc signal waveform of single load operation
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Fig. 3 Arc signal waveform for single load at full load operation
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Fig. 4 Multi-load arc signal waveform
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Table 4 LightGBM model hyperparameters
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Fig. 13 Confusion matrix of LightGBM model
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Table 5 Test results of each diagnostic model
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Table 6 Other conditions test results
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Fig. 14 Arc signal waveforms for operating conditions 1 and 5
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conditions in ablation experiment 2

THF, W2 WHER2AE SNR 4 0 dB B rJ$2 73]
90%LAh Lo JEELI OB ARALRFIETREL, KRR 5 M EK
TR A s FVREE, JF5] N A R R
Jiik, VAgE— D ER TR 7 v e e S e 1

BEAINAS ST R F A SCHR N b, 98 B 3R RS
T %2 . SCHR[20](Fdk 6 A, 0L 9 ). STk
[21](Fa#k 6 B, i 9 By, SCHR[22](F7 3k 7 #, L
BT R SCER[28)(FER 13 B, T 18 Fh). SCHk
[29](fi#k 6 B, 0L 28 Fl). ASC(fi#k 13 F, T
B 60 Fiye ASETF IR SCHRIE T I LSS SR SR EL
HES, REEEEEERESHS TR, HAEAR
[F Lo R 22— i, TR, 28
Yy B R B R S Wi 25

5 &5ig

AR AS It B IR F I, FRH T — ol
BT T HME 51 RF-LightGBM  #f& B 5k i2 Wy
i, B BTHAE L 3. 2 BB ITsER T A,
PRET 54 P LR RIES . WA SR 174
W, FERIHH RS AT IRUE, BRI 458,



BE B, A

FF T 1% /5 5 1 RF-LightGBM A3 B H U & 12 iy

- 151 -

1) BT 2 SR AL I AL 5 22 R 1 S

R AL W PRI M, A SO A A I LA IE I AR R H
BH FE IR A5 5 72 B/ 2 SORIB AT 00 AR — E LR
P FLBH SIS IR 2 2 IR R ORI T2
AR TSR FI R A AN 1T s 2 T

2) B HB I3 /N Th 2R G AR I L IR R A S

Gy BAET BRI O DL, AL 1 — Rl
RIS 5 3k e, S B AR A Bk I vy
BRIERARAE, XSE T 2 TN AL BESE R, bR

2
ERS)

ISR Hh BBk RV W 3 22
3) XAk EE B SRAE HLFELAS 5 52 B T i 40K

FRAE, FFRH RF FIEXTRHERAT I E, e EE
PERT 10 FURFAE, ¥ 54 Fp 00 FRFEEE S5
2 NUH- AL ) LightGBM R B FEAT B 12 e,
RE IS WAEA R IEE] 99.85%, AR AT
TR AE 96.67%LA I,

AT R AZ i A K F N RIS W VAR 2 Fh

AR 2 IR AT BLSEEL R A RS W8 R AT
ZACTERE . E RS R E 2 AR . iR
FEERI R M5, SRR TSes sk fF, ASCORY Bid
THOUEAT IR S UE, AT A8 Ja 2 ARt — 2 T

£ 300k

[1]

(2]

(3]

(4]

B77. A% 1-10 A4EKRIEHISHT[I. T EwHB,
2023:28-29.

VN, TROER, R, & OFIAE RS T HRIHEE
IR KO e, il S5 1GE, 2024, 61(2): 1-9.
QIN Yiwei, ZHANG Penghe, SONG Runan, et al. Arc fault
diagnosis technology and trends of development in new
power system[J]. Electrical Measurement & Instrumentation,
2024, 61(2): 1-9.

HAth, B, 8, %5 ET B FFERHME S Hausdorff
P BV P A IR PR IR B A T vk 0], A R, 2024,
41(6): 64-74.

HU Wei, YANG Fan, LEI Yang, et al. Series arc fault
detection method based on voltage sag feature and
Hausdorff distance algorithm[J]. Distribution & Utilization,
2024, 41(6): 64-74.

AT, #5, 4, 5. T CEEMDAN-HT fll SAE
FR) L VA A B R A2 W DT VR A (D). M S T AR R,
2023, 39(10): 1-8, 18.

DIAO Xiaohong, DONG Hao, HOU Lei, et al. Research
on the DC fault arc detection method based on
CEEMDAN-HT and SAE[J]. Power System and Clean
Energy, 2023, 39(10): 1-8, 18.

VEVERE. ARSIV H R B 2515 1 5 R Ko ) 7 V2
FL[D]. L igACE KA, 2020.

WANG Yangkun. Research on dynamic characteristic and
fault diagnostic method for low voltage AC arcing[D].

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

(14]

(15]

Shanghai: Shanghai Jiao Tong University, 2020.

Wioprse, g, wikfh, &5 Wmaloairar 5 H o i K
R 58 I 5 A% (R I AL I D], HEL 0 R G IR A 5 s,
2019, 47(14): 160-165.

CHEN Xinmei, WEI Chao, LIU Yuanwei, et al. Analysis
of electric arc flash protection principle and development
application of its standard calibration equipment[J]. Power
System Protection and Control, 2019, 47(14): 160-165.
JARK, ERM. IR R R 2 R4 7 PR T
FARHINL AN AT H, 2016, 33(12): 47-53, 57.
ZHOU Lin, CAO Tianyi. Applications and discussions of
arc flash protection relay as a main busbar protection in
MV/LV switchboards[J]. Distribution & Utilization, 2016,
33(12): 47-53, 57.

KE Y, ZHANG W, SUO C, et al. Research on low-
voltage AC series arc-fault detection method based on
electromagnetic radiation characteristics[J].
2022, 15(5).

WU N, PENG M, WANG J, et al. Research on voltage-
current type series arc fault detection method based on

Energies,

composite multi-scale entropy[J]. Electric Power Systems
Research, 2025, 242: 111445.

DAI W, ZHOU X, SUN Z, et al. Series AC arc fault
detection method based on L2/L1 norm and classification
algorithm[J]. IEEE Sensors Journal, 2024, 24(10):
16661-16672.

GONG Q, PENG K, ZHANG X, et al. Low-voltage AC
series arc fault detection method based on similarity
measure between differential arc voltage and square
wave[J]. IEEE Transactions
Measurement, 2025, 74: 1-17.
WANG Y, HOU L, PAUL K C, et al. ArcNet: series AC

arc fault

on Instrumentation and

detection based on raw current and
convolutional neural network[J]. IEEE Transactions on
Industrial Informatics, 2022, 18(1): 77-86.

TAN M, GONG Y, WANG L, et al. LFArc-PFE: a series
arc fault detection method based on low-frequency current
IEEE
Transactions on Instrumentation and Measurement, 2025,
74: 1-11.

XE T, XIHENR, XUACB, 2. HTEERMEMEE
HiiliEum RAEE ST BRI B RGE R 5%
fill, 2023, 51(23): 71-81.

LIU Haoyu, LIU Tingjian, LIU Youbo, et al. A method

for evaluating transient overvoltage of an HVDC

data and perturbation feature extraction[J].

sending-end system based on a graph convolutional
network[J]. Power System Protection and Control, 2023,
51(23): 71-81.

CHABERT A, BAKKAY M C, SCHWEITZER P, et al. A
transformer neural network for AC series arc-fault

detection[J]. Engineering Applications of Artificial



-152-

W) R Gy B

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Intelligence, 2023, 125.

LIU H, LI J, WANG W, et al. Arc-IDCNN: an enhanced
model for series arc fault detection[J]. Measurement, 2024,
234,

BRI, KA, e, & R T SO B A M 4% 1k
IRNAFTHER BRI, B 540, 2024, 61(1):
125-130.

LI Li, HUANG Youjin, XIONG Wei, et al. Non-intrusive
load identification method based on improved convolutional
neural network[J].  Electrical Measurement &
Instrumentation, 2024, 61(1): 125-130.

e, B, o, % AT ZREMRMGERRE
o 24 4 TC R 19X L 405 R T T8 R PRLAR IR [, BBt R
2023, 40(11): 105-111.

CHEN Tailong, MA Mei, CHEN Shaolei, et al. Cable
fault diagnosis of distribution network based on multi-scale
optimized convolutional neural network[J]. Distribution &
Utilization, 2023, 40(11): 105-111.

Wi, 164, MEE, . T8t CEEMDAN 7 fif
L5 I 2 R AE A P A HHL 2 % AR I g e rRL SR DU D).+
A GRS, 2022, 50(12): 72-81

YANG Fan, SU Lei, YANG Zhichun, et al. Series fault
arc detection in low voltage power supply line based on
improved CEEMDAN decomposition and spatial-temporal
features[J]. Power System Protection and Control, 2022,
50(12): 72-81.

TR, B, K, % BT AR/ NS A
1B 5 R AL Al A B0 WO B OTAS T [T]. AR, 2023,
47(5): 1912-1919.

WANG Yi, LIU Liming, LI Songnong, et al. Arc fault
detection based on empirical wavelet transform composite
entropy and feature fusion[J]. Power System Technology,
2023, 47(5): 1912-1919.

DR, W, WAEE, & R TEMEM(ES S Bayes-
XGBoost [ HINEEE HHR T 0 5ET]. W) R4t
PRI 54340, 2023, 51(13): 91-101.

LUO Chen, YU Kun, ZENG Xiangjun, et al. Low voltage
arc fault identification method based on high frequency
reconstructed signal and Bayes-XGBoost[J]. Power System
Protection and Control, 2023, 51(13): 91-101.

VLK aE, VRN, 9251, 4. 3T 0k CEEMD #I RF
AR R R R SR B VA )], B R G R I 51
i, 2024, 52(1): 97-108.

JIANG Yongxin, CHEN Lian, GUO Menggqian, et al.
Identification method of low voltage series fault arc
based on improved CEEMD decomposition and RF[J].
Power System Protection and Control, 2024, 52(1): 97-108.
JAR, widm, KW, & BT ROREES,MNEEE
3% IR JE S ST IR (D). RIS 4R, 2024, 61(2):
122-129.

ZHOU Gang, HUANG Rui, LIU Mouhai, et al. Short-term

[24]

[25]

[26]

[27]

[28]

[29]

[30]

load forecasting based on variational mode decomposition
and complex variable selection algorithm[J]. Electrical
Measurement & Instrumentation, 2024, 61(2): 122-129.
CHU R, SCHWEITZER P, ZHANG R. Series AC arc
fault detection method based on high-frequency coupling
sensor and convolution neural network[J]. Sensors, 2020,
20(17).

B, VLI, T RS A FR 2 A7 ) A K L oI
KA FE[I]. AX AR 2R, 2019, 40(3): 54-61.

BAO Guanghai, JIANG Run. Research on series arc fault
detection based on asymmetrical distribution of magnetic
flux[J]. Chinese Journal of Scientific Instrument, 2019,
40(3): 54-61.

JIANG R, ZHENG Y. Series arc fault detection using
regular signals and time-series reconstruction[J]. IEEE
Transactions on Industrial Electronics, 2023, 70(2):
2026-2036.

Tk 52 AICHE 2T it A TG HL I B A 2 R BT 4 [D]. e
IRV WG RVE Tl K2, 2022,

GENG Wenhao. Research on detection technology of
low-voltage series AC arc fault[D]. Harbin: Harbin
Institute of Technology, 2022.

JURML, 238, BRP, & T ol B AL A R 0 2
PR AZ I B K R ISR 1R DT VR D). B RS E Bk,
2022, 46(24): 162-169.

GONG Quanyi, PENG Ke, CHEN Yu, et al. Identification
method of AC series arc fault based on randomness of arc
and convolutional network[J]. Automation of Electric Power
Systems, 2022, 46(24): 162-169.

T, BRP, PMAE, &5 FET BRI ZE SRR
AU AR I L I R AR I [0]. T R G AR B E AR,
2023, 51(8): 169-178.

DING Rui, CHEN Yu, SUN Lingyan, et al. Series arc
fault detection in low-voltage AC power lines based on
absolute difference of the neighboring waveform of the
current and randomness[J]. Power System Protection and
Control, 2023, 51(8): 169-178.

KE G, MENG Q, FINLEY T, et al. Lightgbm: a highly
efficient gradient boosting decision tree[J]. Advances in

Neural Information Processing Systems, 2017, 30.

IS HER: 2024-12-28;

&EIHER: 2025-06-24

EEEN:

#OP1987—), F, M, HBEAHZEIEF, T &

AR T QARG LEA, T EEELEL Y F; E-mail:

xueyang3@epri.sgcc.com.cn

B h R R AR M R R AR E R IR S .

oV (1999—), B, @fztEH, MEARL, HLH

E-mail:

€3202272090@163.com

(%R F R



