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Abstract: To achieve fault diagnosis of gas-insulated
switchgear ( GIS) and improve diagnostic accuracy, this
paper proposed a GIS discharge fault diagnosis method based
on wavelet packet singular spectrum entropy and whale
optimization algorithm optimized support vector machine
(WOA-SVM). First, the wavelet packet singular spectrum
entropy of the ultra-high frequency signals during GIS
discharge was extracted as feature vectors. Then, WOA was
used to find the optimal parameters for SVM, establishing an
accurate classification model. Finally, experiments simulating
typical GIS discharge faults were conducted, and three
algorithms-SVM  with grid search parameters, SVM with
particle swarm optimization, and the proposed WOA-SVM-
were applied to identify GIS discharge fault types. The results
showed that the proposed WOA-SVM algorithm achieved
higher fault identification accuracy, better fitness, and faster
convergence.
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Fig.2 GIS discharge fault simulation test set
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Fig.3 High voltage test circuit connection diagram
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Fig.4 Schematic diagram of experimental test
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Fig.5 Simulation experiment diagram of circular

metal particle discharge
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Fig. 6 Simulation experiment diagram of linear metal
spike discharge
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Fig.7 Simulation experiment diagram of basin-type

insulator surface flashover discharge
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Fig. 8 Ultra-high frequency signal of single pulse
discharge in GIS

HIE S0 7y 57 (8 4R & HEAT AN 0 JEE 40
B, LUE BE RS 5 SR 2R T R S i e i
BB HAE R N AT Sl BN 2R R 5 1
E S AR VAN R 4 N S
LR/ IN AL A A BEAR S 1 AT SR AR O
MEREA TR 2 . X T8 TR AR v R B A i
RLE S, /N AT 5 3 I T DUAR B B i 205 51
PP A2 1] PP RS AR AR S BE B B 0 A 1 20, B2 BBUIE 77
A LIL RIS | R 5 T FURE i e 2
A 2510 TR LIS F) AR ves B 5 A T/ N B o
fife A 2 45 2 0 R AG S 09 A3 S IR AE, 9
N

9 GIS IFRETHRESIESTRILHE
Fig.9 Singular spectrum entropy of ultra-high

frequency signals in four states of GIS
K9t AR bR 4 PR B/ N6 A S 3%
WRAEL A A s ok 1O 35 0 I R, 1~ 8 XoF 4 43t
BE Nz 1 R,

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRRI, 5 514, %59

Electric Machines & Control Application, Vol. 51, No.9, 2024

65

F1 MNEESBINBEEFSMHEXER
Tab.1 Correspondence between wavelet packet

decomposition frequency bands and serial numbers
MHz

v
Jo

X I A5 A4
0~62.5
62.5~125
187.5~250
125~187.5
437.5~500
375~437.5
250~372.5
312.5~375

(oI e Y S

&L 8 AL R HUIRAS TS, &0 Be i/
WA (e kA B E ARk, 5IE® B 174
Lt , 5 ~ 8 X Az ) e A 5 B Y BT S 3 e i )l 1
Jin, 7£0~62.5 MHz Al 375 MHz ~437.5 MHz 4§
B, =R A R IR S Y AT S 22 R ROR TE
0~62.5 MHz #1 Bt , 4 I¥ 4 Jm Al ik i 5 FLA IR 285
AR AR 0 2 DO, A R R R, A
R FEL I B s e B S B A S i (R K, IRt
LR AR RHIE 2 TR W a3 25
3.4 WOA-SVM 412 i

FIFHIRIT- 5 B30 GIS 1Y 4 FeR A, 20
B IBAT KIE S R A, | U 2 i T i
ML RDE &R R i . R ReIR S T 2 415
9 S B B oA BORE AR 80 41, BRI AL MF
SO IE B 8 AT B I AT S A R B A AR
320x8 RUNFMEHERE , BEARASEEER 60% 11 R I 25
£ 40% JIREE 15 3 GIS 1Y 4 PR /24,
N3 2 i, HEUEASCTHE WOA-SVM H LY
Pt K 5 SVM kA PSO-SVM vk k17
X g E 10~ 12 s,

Fz2 GISH4MESITRESLE

Tab.2 Classification sets for four operational states

of GIS
BITRE YIgRpEA  MAkEA bR
IEH BT 48 32 1
RIY & Jm A 48 32 2
F A A G U TR 48 32 3
[ 4 JR ASUR i H 48 32 4

SVM Bk M AR R RIE AT SRS, 1k
WESTHF ¢=3.62 S48 £=0.25,SVM S5
DA 2R aNE 10 iR,

E 10 SVM S¥IMMHGLER
Fig. 10 SVM parameter optimization and

classification results

H1 & 10 A] 21, 4 K gl s A ik R T A% 42
RINSE c g, Bk SVM 4325 (1912 W7 IE g
A 81.T7% o LWHIE# R A m ) E BN EZ
ROk FEAE 1 ARG, it — IS L
P IR

KM WOA 5 PSO PIFRGE 2% SVM FILH ¢
Y5 g HATOUAL , SR E AT TN 3 FioR

&3 WOA 1 PSO BH I LERE
Tab.3 WOA and PSO parameter optimization ranges

Bk wRIE /R PTy—- %ﬁc
E2 R B FLEnEEl
BN ¢ 0~100
WOA 100 40 BB ¢ 0-100
. 100 0 EOIHT ¢,  0~100
i BBH g 0~100

FIH E3R D5 % SVM B0k i S 803 5 T
THEIE RS H A E I B 2504 T SVM i

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



P B, 5 FE TN LT SRR WOA-SVM (1 GIS Jift i i B2 It
66 ZANG Xu, et al; GIS Discharge Fault Diagnosis Based on Wavelet Packet Singular Spectral Entropy and WOA-SVM

w328 155 PSO-SVM Al WOA-SVM 43215 45
WA 11 M 4 s,

B 11 PSO-SVM #1 WOA-SVM BN L ER
Fig. 11 Classification results of PSO-SVM and
WOA-SVM algorithms
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According to existing statistics, more than 60%
of insulation faults in gas-insulated switchgear ( GIS)
Typical GIS

insulation defects include tip discharge, free metal

are caused by partial discharges.

particle discharge, and surface discharge. The most
widely used method for detecting and locating GIS
insulation discharge faults is based on the ultra-high
frequency signals generated during the discharge
process, ranging from 3 MHz to 3 GHz. This method
has strong anti-interference properties and high
sensitivity. However, the results of discharge source
localization do not include ultra-high frequency
amplitude or discharge quantity information, which
makes it difficult to assess the severity of the

discharge defect and to identify the type of discharge

fault. Moreover, the ultra-high frequency time-
difference method requires high precision in
synchronous  sampling  devices, limiting its

application in online monitoring.

In this paper, wavelet packet singular spectrum
entropy was used to extract the features of ultra-high
frequency discharge signals for different types of
By

decomposition with singular spectrum entropy, the

discharges. combining  wavelet  packet
signal was decomposed and reconstructed into time-
domain signals across multiple frequency bands. This
yielded a coefficient matrix of the decomposed multi-
frequency time-domain signals and their singular
values, forming a singular value set. The information
entropy of the singular value set was calculated to

quantitatively reflect the complexity of the signal.

S7

Simple signals exhibited fewer, more concentrated
energy patterns, resulting in lower wavelet singular
spectrum entropy,, whereas complex signals displayed
more dispersed energy patterns, leading to higher
entropy. Therefore, the singular spectrum entropy of
the wavelet packet-transformed signals in each
frequency band can serve as a feature for fault
classification.

Support vector machine (SVM) is well-suited
for multi-mode classification problems with small
but
depends on the selection of the penalty factor (¢)
The whale

optimization algorithm ( WOA ) offers advantages

sample sizes, their classification accuracy

and kernel function parameter (g ).

such as ease of implementation, fewer parameters to
convergence. To
this  paper

optimizing SVM using WOA , with the wavelet packet

adjust, and faster improve

classification  accuracy, proposed
singular spectrum entropy of ultra-high frequency
signals under different discharge fault conditions
serving as input for fault identification.

Through experiments simulating typical GIS
discharge faults, three algorithms—SVM with grid
SVM  with particle

optimization, and the proposed WOA-SVM—were

search parameters, swarm
used to identify the types of GIS discharge faults.
The results showed that the proposed WOA-SVM

algorithm achieved higher fault identification

accuracy, better fitness, and faster convergence than

the other methods.
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