45 H311.0137-0149
202446 H

L AR A S oD M

Power Capacitor & Reactive Power Compensation

Vol.45,No0.3:0137-0149
Jun. 2024

DOI:10.14044/j.1674-1757.pcrpc.2024.03.018

ETZHFEREF SVM B SR BX R N FE Al 777

;c;lg_g 1,2’ %,_J‘—_s],z’ gﬁ']‘ﬁfil'z, ﬁ/{}iinlj’ F,Z'J:\I".,iﬁ]'z
(1. PG H A BRI A Fl B9 B, BT 5300235
2. TV AR RE T s e B SR, BT 535023)

W OE: AT IR ARG R AR R E R AT B B IR B AT A AR 69 PR, R AR R — A
AT 2 HAERAA Bt SVM 69 BB IR AR 77 ik, B sk, il i 45 W IR -F & B AT B 9K 5
o, AT A G R A BRI R EAT AR A WK E R 6 AT 5 RS, TR E R W RS T AT
B 3R L9 3 e B SR IR AT, M B IR IR AR AR SR s 1 UE , B B BRI AR SR AR R AE A SVM 89 4ar
NG, AR AT B 5t SVM A7, R 30 R AR e s &, X R A, RAARAT
R kAT BB B IRR R 69 A F A $) 95% Ak

REER: BBRIN; SRR ARG e EAL BT R R

Series Arc Fault Detection Method Based on Multi-feature Fusion and SVM
GUO Min"?, WU Ning'?, GUO Xiaoxuan'?, 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: For the problem that the existing traditional electrical protection device cannot effectively detect
the series arc fault, a kind of series arc fault detection method based on multi-feature fusion and improved
SVM is proposed in this paper. Firstly, the arc experiment is performed by setting up an arc fault platform,
the current signal of typical loads during normal operation and arc faults are obtained; Then, the collected
current signals are subjected to time domain, frequency domain and time - frequency domain analysis to
construct series arc feature index set; Finally, the series arc feature index set is taken as the input vector of
SVM, and the particle swarm algorithm is used to optimize the SVM so to improve the accuracy of the
classification model. The test results show that the accuracy rate of series faults arc identification using the
the method proposed in this paper reaches more than 95%.

Keywords: series arc fault; fault recognition; feature extraction; SVM; PSO

R IR R AN A 2

0 3§

FEL T A S A, R R T N et 22 1 %
JRRZTACF A e N A s AR
R o UL LR 3 R 67 A A W B
A2 L A5 52 B P R i Tl ] Pl i e e
T, e R 2R G B ST AR AN WK B T A Y 2
R E Fi 0 P A P PR 2 A R A, ORI B R
P EEL N 8 F B N0 A i 2 4
PARAE 2T R . (e A L IR AR

%5 B HA:2023-12-26
BEE£TH :m N/ RHL I H (GXKIXM20220099) .

PGS B4 R T R R i R e
PR | FL e AR Bl P s P AL S e 4 S
Gl A A o S B AR R R R LR
WA 1) SRy Bl MR S i JR P VR PE5iR  5E
[EIPSECEE W IS R a2 Wt LR S T aibke AR
Lo o i PR SIS A b g% A A 6 L PR AN )
THE R LAYy 3 R . ER IR e DI B IR
RN OB e IV U N 2 (D 7 e
PRI B AR T AR T A R R R S PR R

- 137 -



2024 4F55 3 1

EWILRES AE P RvIE N

Fa5%

% B RE % X I B Y e ORI X e BIR R AT RS
TR, (HAE R I0E L oIk B & A B, Pl T LB R R Y
WL FEUGWIS WSS STk R R B, S R
KA o PRI, WIFFE A R E R R BICAC AN 7 v , R
it ER IR FE ST 328 B 2 A o b B

] A 71 P SIS R R £1%) 7 2 B AR I LA
R S SR AT, H 266 R 3t 1% R SIS B k)
AT BT 0 DI B i o, TR okt — MR
CERTTRI SIS N N Wi i el P & 11 B~ S =2
TV ) HR G R SIS AR ) 7 3k 2 B8 AT 43 SRy B Bl s
RIS A0 35 P A 0 7, SCRR[S - 712 H T B 1)
A SAREAE , 43S0 ) P R 3 P e {8 A | A 218 H 3t )
04 1] 79 2 SR BRI AS 5 18 R e 2 8 X il i
SRHEAT RN . B3 4 B SRR I ) T B I, S
AR AR e 2E, H 2 E T, 0 Tl RRT
B AE YA I, SCHR[8— 10735 T F i I 10 A i s
AIE, 43 30 1) FH E 9 v O I A 3 L R R A i
TSI 25 43 A E G BRE o AR ik ) B S
(1o )RRl N N et PR (ER M EN L et g e B | R A )
S T TR PR, ZA0 T R i Ao
P R — ] R, SCRRT 11— 13125 T T D T A s At
FEPE R /Nt A 3 BES EA T R SRR 12 A HR
I AR 1 L AR A SR R S S T
T AN 2, B3 A % L U A B AN B DU 2 B 0 A
B AH/ N AR AT AE G R () IR, UK EE /N
FHO A TR 2 A 2 I L R o

PR , B3R AIE T DA ST R BB e e R B
HESWT, WA — IR, SCHR] 14 hR A BRI L I
e ) 27 S | B A AN R A TR R
H DI BURRAE B AU e 4 R X 2 AR 23 (R A
O3 A KR BT, FF R G BP #2828 ST
FR DG FL A B A E AR 2 B . SCHR[15 ]38 T 42 B
Fourier 2248 . Mel SR EECE A/ INEARAIE EE S 22405
TIE A P22 P48 3% , REAS B 4 1 U] F IR e A 7
L. SCHR 16 BEBCRARR ] B R AR BRI
WHE AL HE R IVE GBI R RO AR
TABE L RV BT E A U R 28 I 45 s A
SRV IR, SCHR(17 e —Fh i3t oA 5
BEAILARARSS B B2 Unl 5 % s oA Tl b Ua)

PRI | AR SCOXT i s ST 56 5090 A 4R 4 7 B Jale 43 4
B AT, S T 2R ER A L . TR 25de
T, 3T SVM Bt Al IR H PSO ik k42
AR A HER R

1 EBREXAEINEELLE

1.1 HEREERE
T UL1699 Frife A AH KL RE , AR SCHE 2l e B
- 138 -

BB F SR SE 867 5 F T R oIS, F I e S 5 r
5% 1 DL T 1, JH o e IS 3 e A A R — A AR [ A
F— 20 S il 8 21 1, 25090 R 4 R I R A AT 3 R
10 kHz, .75k 220 V 50 Hz FY3S T HL o

L] [+]

N E:
R

AC

) 3 A

~ H

Wl R R E —
E1 EREXANEESE L FE B E
Fig. 1 Experimental circuit diagram of series arc fault
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Fig.2 Load normal current and fault current waveforms
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Fig. 8 Wavelet coefficients of four layers decomposition through wavelet transform in computer
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Fig. 9 Flowchart of PSO-SVM
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Fig. 10 Classification results for SVM
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Fig. 11 Classification results of BP neural networks
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Fig. 13 Classification results for PSO-SVM
42 MBEEMIERR
A RE AN 48 A5 A HER K (Accuracy) (£AF
4% (Recall) LA S A8 #fEZE (Precision ) , Al L VR IE A
MER A SCTHIR AR 2 o TRIAAE MR MM 8 W 5R 2, B
w3 AR A0

, _ TP+IN
Aceuracy = N F P+ TP (16)
__ TP
Recall—iTP_'_FP (17)
i _ TP
Precision TP+ FN (18)

R2 RiEEKE

Table 2 Confusion matrix

T2
BLAK
0(HLlE) 1GER) PR
TP FP 0(iHk)
FN TN 1GE®)

N T B M R AR SC PSO-SVM i AR AR I %6k 44
F AW A A R ECR 2 514145
BRAE KA B ISR IS Y AR 4% 50 41 (— 3k
900 41 ) R4 , If 51448 SVM 1% (BP #li &
W 2% AT Eb B, Hod, SVM (1942 R RBF RIS,
TETIHF C A 1, RS H g M 0.1; BP #iZ:
W2 24 2] 5k 0.01, Y ZRRECH 500, % 3 0 I
B 3 o ISR 25 1 AR TR R, 3% 4 O 3 By
FAEIRINS 25 T A A 2, 3R 5 08 3 Fh 4 BRI
H AN A AR N B 3 kR AT AL ML S
SVM DL J BP #i& (2% , ASCffi ) PSO-SVM A
AT TR X 45 1 AR AR A AP A R A R D A

BP #1254 , PSO-SVM 557 [ 1 i % 5

MR RS B A oG H IR L I B EA T2 WU
3 IMHLWERE AR ERE

Table 3 Accuracy rate of three classification models for

each load

Uik fEGESVM/% BP RRZEMZ5/% PSO-SVM/%
25 95 100 100
i<ic} 96 97 99
WAL T 500 W 83 9] 96
F ki 99 99 100
WL 99 98 98
LKA 96 99 98
DI 10W 97 97 99
PENKT 20 W 90 91 99
HA MR 94 97 99

R4 IMHRBRBMNERHHEEE

Table 4 Recall rate of the three classification models for

each load

Pik=9 fEGESVM/% BP RIZEMZ/% PSO-SVM/%
751 98 100 100
VKFE 96 96 100
WAAL 1 500 W 80 84 94
Fa Mk 98 98 100
AT 100 98 98
ek A 96 100 100
DT 10W 100 98 100
TOLIT 20 W 82 88 100
FLAS R 100 98 100

RS IMARBRBNEHBHEER

Table 5 Precision rate of three classification models for

each load
i 55 SVM/% BP 2 M 25/% PSO-SVM/%
23] 92.45 100.00 100.00
UKAH 96.00 97.96 98.04
WAL 1 500 W 85.11 97.67 97.92
FAL A 100.00 100.00 100.00
WOEAT 98.04 98.00 98.00
oK 96.00 98.04 96.15
YT 10 W 94.34 96.08 98.04
DK 20 W 97.62 93.62 98.04
FLES 2% 89.29 96.08 98.04

FIAN AT BUEAR SC 5 R A 1 67 48 HA B L IR
HBE B2 BRI RE 1, BEICR 2 S5 AR 2 1) WXL
ML 800 W FIZENGAT 45 W & A= e I I i i 1) B 37T

TS A 100 AR RS | LA S HER 25000 R
8290F 83.5% , I HLBifi % T Z2 AN W) £ #2102 S 55
PN, e R i — 4w . B, AR SO
XA B BA — 2 2 W il fg
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