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Study of GIS insulation defect identification method using
LSTM-CNN feature fusion and BO-SVM

XIE Zuibing', MA Longtao', WANG Jili', ZENG Linping', NIU Haotian®, TIAN Yi’
(1. Northwest Branch of State Grid Corporation of China, Xi’an 710050, China; 2. Xi’” an Key Laboratory of Interconnected
Sensing and Intelligent Diagnosis for Electrical Equipment, Xi’ an Polytechnic University, Xi’ an 710048, China)

Abstract ; Multiple characteristic signals are generated when partial discharge is caused by internal insula-
tion defects in gas insulated switchgear ( GIS). However, field conditions are often complex, with signifi-
cant noise interference. In such challenging scenarios, collected signals are prone to noise interference,
increasing the difficulty of signal processing and fault diagnosis. To address these challenges, a GIS insu-
lation fault diagnosis method was proposed combining long short term memory (LSTM) with convolutional
neural network (CNN) and Bayesian optimization for support vector machines (BO-SVM). The original

ultrasonic and ultra-high-frequency signals generated by partial discharge were simultaneously fed into
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both the LSTM and CNN channels. Feature fingerprints extraction was performed from one-dimensional

temporal signals using LSTM and image signals converted from one-dimensional temporal signals to two-

dimensional signals using CNN, and the two types of feature values were fused in the fusion layer of CNN.

Finally, the executed results were input into the BO-SVM classification layer, and the kernel function y

and penalty parameter C of support vector machines (SVM) were iterated using BO to obtain the optimal

solution. Compared to traditional methods that extract features using a single channel, the proposed ap-

proach demonstrates significant advancements in terms of accuracy and robustness. The results show that

the LSTM-CNN feature fusion and BO-SVM model exhibit notable advantages in insulation recognition per-

formance, achieving an accuracy of 90.34% . This method provides a reliable solution for GIS insulation

fault identification based on ultrasonic and ultra-high-frequency signals in complex environments.

Keywords: gas insulated switchgear; insulation defects; partial discharge; feature fingerprint; aggrega-

tion models; defect classification
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Fig.12 Normalized grayscale image of insulation defect

ultrasonic signal

A SO 4 07 ¥ AL GE T R AT X L AR ¢
71 Ry JR R A AN 43 A ( phase resolved partial dis-
charge , PRPD) , Ho&—F 1 T 43 Mr ] 30 i FL {7 5 19
T3, B REE B W JR AR THCH A 5 e TR B N A A
BT ARTE L 21 TR R ) 4 % Bl s 2 5 B8R
RS T AL I AT A 22 5 . HT, A T ik
FEEHE T ey ik PR 3% i AT 4R A 4 BORT 43 A, CNN
RESHHE 2K B2 AL B S 1 PD {55 5 Bl 28 7R AH
SCIRFAEAR L, TS B X A3 AN [ S A0 1) 246 2% ol



190 BoHl 5 % 6l % R %29 %
ASCAE I 7 PR RS R E S K BEE N PRPD 4.3 ARA X TIRBIG R EE
K PE AL PRI B HEATXT L, IR FH I 9 14 =, Hems) ARSC LB ¥4 R ] PyTorch HEZR ) 7F — & L 7%

FERCR 52 4 AR ), B LSTM #E47 40 B | i — Bl 2% 1)
S CNN A7 B8 A B G PSR TR] DI 4745
S5 AT e, B 13 Sk 45 o 2 BB P AR 1
PRPD EI#E47 I B AL B S (4 s 5 A

(c) 2Bk [EPRPD &1

'q'l),'n e .

f.‘
4' /"

{/
ﬂi 401.".5

(e) VZERFEPRPDEE

B 13 AREELRMEESH PRPD K EE
Fig.13 PRPD grayscale images of different insulation

defect signals

NVIDIA RTX 4060 16 GB GPU Intel i7 — 11700 CPU
64 GB RAM [ITHRML_ BT, #5E, @B afE
4¢ PRPD J5 XA 7 J5 A4 L CNN g A2 19 5 =X
PEATXF L, (o FH TRV RE B9 LSTM-CNN 454 fili 45 #1 BO-
SVM #EATxF b, A3 B 25 R N3k 1 iR,

&1 PRPD 5HmEATREESEKERR

Table 1 Accuracy of grayscale image classification using

PRPD and new methods

ik e/ % WIKE/ % KUEE/ % H2EEE/ s
PRPD 100 92.4 93.1 2.91
o 100 97.3 97.5 1.48
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Table 2 Comparison of classification accuracy of diagnostic

models
WRES L/ % WXL/ % BAFSE/ % B E /s
LSTM-CNN-SVM 100 94.8 93.9 2.85
LSTM-BO-SVM 100 95.5 95.9 2.78
CNN-BO-SVM 100 94.9 95.2 2.82
LSTM-CNN-BO-SVM 100 97.3 97.5 2.88
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sing different SVM methods

I AT 14 AT LR, SR 0L 340 Ak i
SVM 7SR infEmf , X2 KA SVM FEAS H Y 2o 2
S EON LS S AR K il ik DLk fie Ak, mT
DL Shik #538 f i 280, 76 DAt #2

Bl oy DU e AL iy AL S50, TS 31 SVM #
S5, K15 bR A e T e
B H PR RS U (Kernel Scale) ” 2 “HEZ 5
(Box Constraint) " A A R ZCE BL & N, H A5 R EUE
Wiz RS, ST 0 e e R
i ok P P R 3K TR A S B 2 50 [B) SR A e %
SERA T T 2 4 S 80 [ R e 42 Ak Ta)
A RE R 16 DAL OSSR a] WL BE
PR 0 38, B B R SISk B/ (AR S
B A By H AR 10 9758 SCH TR A 458 2K R0 o
AR L], FEAH R B B 42 8, R4S B9 SVM
FEARZAAR I SVM Zr S ERf B 5

I N

ok BERLBUNATAT A

fili i B AR e E
SOOO0000000
=N WW A AN

SUNOSNONOUNOWNO

¢

2

2 10°
10 1007 1100 ;1010
100, 5 100
BR B 10'2 10—3 10—3 10'2 ﬁ%ﬁ

15 DAtHEr itk B HLE 12

Fig.15 Bayesian optimization objective function process

0.30
- —an— SREEN F AR
—e— fHEME/NEIRME
025
o L
& 020
g
~ 0.15F
iy .\_
o10F '\_
—A—R=a=3"12 0|
0.05, 5 10 15
B u =RV €4

El16 SVM ERREEBIRRHXR
Fig.16 Relationship between SVM iteration times and

objective function

TRVA R RE G J (XS AR BE 1933 B 20 AT,
AR A PRI R R 1% 73 ST 1, AR SO A
TRVE R PR Al 2 SRLER G, 7EX AR A
PTG A3 B AR 2, d i RVA R, A
SCAT LA ELWLHS 1 A AR AN ] 2 2 4 732K vfe
BT R AR A A AR i 2 s I o 26, i A A e 7
IAEEREA I H AR, N HIN LSTM-CNN H§ ik



192 oAl 5 # # %

%29 &

filif BO-SVM FEAY ) AT SE M | AR SOR H 5 H Al AsE Y
AT O, AR SRR JE R an & 17 PR

I TR R 17 (a) (B 17 (b) , KWL
1R BO #EATALAL A SVM A R 44k 9 SVM
I R IO B KAIE T e T SVM /2K
AN BO HEAFHRAL A 2LrE, @it 5] A BO itk
AL E T SVM ARG PERE , i HAE 0 AT 45
HUAS T A A (R 25 5

E 4

Bpfr [N9279%) 0.00%

H
B amx 9678%
®

HL% T

96:35%)

BEHEA fE TR SRR A%T AmSR
mEE Y SBR R

St
(a) LSTM—CNNFIBO-SVMAS U IR ¥ 45 [

x 100%

#
21 [ 10
B 1961398 0.00% 3.61% | 0.00% | 0.00% |%

%mﬁ%%% 0.00% 1009 0.00% | 0.00% | 0.00%

=
.
ﬁ,( ELES 0.00% 0.00% [N95'87%) 3.32% | 0.81%

e 0.00% | 3.29% 2.92% [93%9%3 0.00%

A %‘%E 3.91% 3.89% 0.92% | 0.00% [891-28%,

BEHL LER TR SRR 4% T AmSR
mEE Y KBR SoORL

B
(b) LSTM-CNNFISVMAR R ¥ 6 4

x 100%

;,'ﬁ 1.0

BIFHAL H96'82%) 3.18% | 0.00% | 0.00% |%

B S

P 1002, 0.00% | 0.00%

BRE
4

95102%,

FpRIR

%ﬁﬁg 0.00% 3.52%

H %‘EE 2.98% 3.67%

BIFEA SR TR SRR 4%T HHLR
mEE Y KB SoORL

HIA A
(c) LSTMFAIBO-SV MR ¥ 46 [

x 100%

pil
B J97A13%8 0.00% 2.87% | 0.00% | 0.00% |

0.8
BRTR 0.00% 100%, 0.00% | 0.00% | 0.00%

B 0.6

=
s
5 ﬁﬂﬁﬂﬁ 0.00% 0.00% [H96!65%) 3.35% | 0.00%

0.4

2 .12 d 4192 5
p 0.00% | 3.12% 1.96% 89419294 0.00% o2

3.50% 4.48% 0.00% | 0.00% [892!02%)

B GETE SRE  HET HHLR
[IXCZ: L] BR TORL

T2 7
(d) CNNFIBO-SV M ZI B V5 46 [

17 REFEHRBEREER

Fig.17 Confusion matrix results for different methods
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