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Series Arc Fault Detection Method Based on Multi-feature Fusion and Random Forest
GUO Min"?*, GUO Xiaoxuan"?, WU Ning"?, LU Jianbin'?, CHEN Weidong'*
(1. Electric Power Research Institute of Guangxi Power Grid Co., Ltd., Nanning 530023, China;
2. Guangxi Key Laboratory of Intelligent Control and Maintenance of Power Equipment ,
Nanning 535023, China)

Abstract: Under the limitation of the line load, the fault current of the series arc fault is relatively small,
which makes such traditional electrical protection devices as low - voltage circuit breakers, fuses cannot
operate, therefore, the detection of series arc faults has become a hot issue in the current arc fault
detection research. For this purpose, the arc experiment is performed by setting up arc fault platform and
the current data of typical loads during normal operation and arc faults are obtained; Then, on the basis of
arc multi-feature fusion, the information gain and the gain rate of the features are combined to sort the
importance of the arc features so to construct a more suitable set of series arc features; Finally, on this
basis, a random forest algorithm is set up and the particle swarm algorithm is used to optimize the
parameters. The research results show that compared with the traditional random forest and BP neural
network, the proposed method has a higher identification rate, and both its accuracy rate and completion
rate reach 99%, which can achieve effective diagnosis of series fault arc.
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Fig. 1 Experimental circuit diagram of series arc fault

1.2 RSB R R 5

T R IR IR FRe 2 B v | AR ] 28 1L ) 67 30T K
Az P A B R ) FL I B AN AR TR] , 72 1E W T AR
AR R AL BT I AN — 2, (1] % o o SRR P 52 T 2
BURIREIR o AR SO0 — S MY Y B 17 IR T 924
G KA R — A, SR AR R H AR
IR A FL O TR, R i e o Ay 2 [ R A 2 S
i ABADL P Al e e I, SR A G H BB i I £
RT3 1 9 SEa B AR S, n] 73
A -HUBSE T A PR S BT G2 4

F1 LWETARAEHER
Table 1 Type of load for experiment

k=i Uik
FEOEIT(10 W.20 W .45 W) 253
T K
AR JEDRAT L2
HL B2 RIXHL(1 500 W) Bk a7
FFE

FHL LB AL (800 W)

1.3 HIEWMAE S5

TG, T BN I AR A E R B R SR
PEATAY2E, I BIRRZE A 1 0, DISRAE 258K 200 K
—AJEHA X A SR A L R OE HE AT IH —fk Ak
o T RIS L B S AN JE AN TR 67 28K ) 1 R
RS RRIR A B IR I 2175387 -

& 2y HL 2 - LR B 2k (DOGAT (a3 DG
K1) IE B TAERUE Az H IR B s (%) L T, P ] 2
AT, 78 A A B IR B, i 25— F RS £ 2 L T
TEIFA—3, A & IR DIRDGET 2O 10 W
2 W B AR, (EL S A ) v 40 B O B 4 9 S
o 2) 3 B A0 H I B TR 1 S PR R R IR

- 105 -




2024 4F55 4 1

EWILRES AE P RvIE N

FEL I D 0 ) L DX T 34 K, 9 LA ¥ X R 9
PR A A RE IR, 5 TE AR I Y L I O A I
14 DX

< 10 < 40
= >
w 0 w0
E s 90
0 500 1000 0 500 1000
STRE X STRE
RIS RAE A
< 1.0 < 2
~ ey 0 i | | l
205 K2 T 1 I
s 2 -
2 0 5
E_os =/
0 500 1000 0 500 1000
SERE ST
2SS RAE A
< 05 < 6
N ~
12 s 4
® 0 )
= Z 0
= 05 )
0 500 1000 0 500 1000
SERE SERE &S
REE (c) HHATIOW RAF

E2 RE-BBREAFBRKETY
Fig.2 Capacitive -inductive load current waveform
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Fig. 4 Current waveform of resistive load
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B BIREABU N T o/ N4 MINLS B PR 1
I1%L;

6) YN ZhA i L BRI, it 242 X (16) 15 245
U S W 2845 %
3.2 BEALFARMALF BRI E LIRS BB P AN

KRz

TG WSO BRI B A IE R T AR RN R A HLR
AR BT 1) FL AR TG, I 5 BB F, A ) B AR
FFXF Ik AR AT 5 — R AL B . SRS R
2.4 77 TR AR VA O 5 2 Y ER B F IURRAE iR
PRiEAT RS, b B VRRIEFE bR AR | 1 by 43 B Y
M5 ARHIE o 55, A FOTVRRAEFR PR g Xt 73 2545
REIEAT ISR A

4 HRE5H

FETIRVB AR A I TE bR AT TR R A 4
AR KA R AR X e AR, AT LA 7 A Y
+ 110 -

(Accuracy ) B E SR AR IE T BUFEAS B BREARER
ZH s A 42 (Recall) 1 G TE SUTE T-HUCBEAE A 1) T
I, IR 22 /0l A AR A A s ok, HE h
HA RS AR L A E % (Precision) [
R RUTE T AR A R ], B 22 D BB A
Pk, HoE O E RS O B Y 728 B
Fe 53X 3 MEFRRIB R 51

N TP+ TN
Aceuracy = g N+ FP+ TP am)
TP
Recall TP+ 7P (18)
. TP
Precision = TP+ FN (19)

*3 REHEME

Table 3 Confusion matrix

T2
B
0(HlE) 1GE#) TR
TP FP O (R )
FN TN 1GEH)

N T TG bt R AR S BREAIL AR AR T R AR
RIXHR A B WiEE 11, 5E G REPLARAR . BP #f
2RI AT A . HETIX 3 R R A 1 40 25 0%
(R 1T 25 5000 24 R R AR ST 2 B ) R 4 T A 7 1
W, o BP Rl 2624 2155 0.01, YRR ECh
500, X 3 Fh g3 2 i IR HE b = LA L3R 4.
M 4 aTEN, o TIN5 S A S
PEHOE B 25T e 805 I RHIEFE b5 , PR L 23 2S48 10 &5
TSRS bR, IF ELA 4 T 15 Ge AL AR AR BP
PR 7, AR SO TR A ki i LA
U HERRR AR AR

x4 RUBSALRISARA b

Table 4 Comparison of test data before and after

optimization
Bk W% R EERY%
15 BEALAR AR 98.89 98.5 99.3
ARSCIT 99.59 99.4 99.8
BP #2454 98.56 98.0 99.1

TN, R T B B R AR SCREAL AR MR T RO
TR XT & R MIZ W RE T, R BCR 2t I 2R
B BRAE H T A RS R I R 285 0 8 4%
50 AR IR E R , S GEREALAR AR (BP $l 28 5 4%
PEAT HEHR , THBAS ] 43 2 4 XA [ £ 28 1) R A o
AR AR, R 5-7 P,

2% 5-7 A, AR SCfd A BEHLARMORE RO
PRI 544 BE BENL AR AR L) K2 BP #1128 W £ AF L, o
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Table 5 Accuracy rate of three classifiers for different

loads

Uik BEPLARIR/ % ASSCT5 k% BP AR ZE R 45/%

25 100 100 99

VKFE 100 100 100
TR RUBLFAXL 98 100 96

FL G 100 100 100

PEKT 97 98 97

LKAz 100 100 99
PEHIT 10 W 98 99 9%
BT 20 W 100 99 100
HAS MR 100 100 100

®6 IWMALBHUARGHMELE

Table 6 Recall of three classifiers for different loads

Tk BEHLERMR/ % AOTE% BPRIZEM4/%

251 100 100 100
UKFH 100 100 100
WAL 98 100 92
FL A 100 100 100
FELT 98 98 96
LKAz 100 100 98
BT 10W 96 98 96
PNIT 20 W 100 98 100
HASMR A R 100 100 100

RT IWMAEB[HURRGHERER

Table 7 Accuracy rate of three classifiers for different

loads

Uik BEDLARAR/ % ARSCTE%  BP R4 1%

251 100 100 98.4

VKA 100 100 100
R XUBLEAXL 98 100 100

AL 100 100 100

LT 96.08 98 97.96

L i 100 100 100
PENIT 10 W 100 100 9%
BT 20 W 100 100 100
HASMR A gR 100 100 100

5 45i%

DRFIT s IR SR £ H 4
BB R T (LB, R T- S ko
R U 1 5 T 2 M R
H s AL T IS

2)TERBHLAE ISR 1 R TDRL T RS0t

RENLARAAR O S BOHEA T AL , RS B 11 BERLAR bR UL
B PR Y S S YER
3) 4 ) 2 R A RS BE L AR OB T REDL L5

AR S 1 SEEHLAR AR RN BP i1 22 X 2 HAT 01 5 11

B R A A A AR AR, X HA 1Bk F, 9IS e P A6 D
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