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(long short-term memory network , LSTM ) "' 5l s
22 W %% ( convolutional neural network , CNN) M 14
XTI 4% ( generative adversarial network , GAN) '
SRR P 2 A BRI Tz T TR R A
GBS TR 4R X HUARIR 315 5 i 2y
SreMR AR T2 B R G RS I L S R BB SR
[14] R LA Leaky Rel.U i 75 pR 2L i) MobileNet-
V2 BRI T B2 2T 5 GIS JRyis e e 47
PR STk [ 15 ] 25 4 /N I 75 45 (wavelet transform,
WT) Fiife Wa7Bt A Xt M 2% ( semisupervised genera-
tive adversarial net, SSGAN ) {H 5| i€ 5 H1L Wik 5% , {5
HALSEI T e HUAL ) B — ke 12 W, X 25 T il o
() I AAAE A I L TC 292 Wi s SCHRL 16 ] Rpii o S A2 4
A PRAYME 2% A H Fitcecoe PRG3R ) L
(support vector machine, SVM ) 5 AlexNet 4 i 1Y
GIS BB 12 W W 26 vh, SEL T GIS AR Bt Y
A ROZ W, B AR AL AR [ PP — Tl B, 75 2
W R AR TS B0 ek . Slbidy 2K
A S A A AL, BB AT 1 GIS AR IR 3l
{55 5 2 KL b 4 3h AR 55 T m g w7, Soik
[20] 45 A2 d sl o BR T AFAE GIS Iz 47 I 7 A= A
SO IRAETEE TR AR 1B AT 2R I L S PR BT R T
WP, 2% GIS {5 5 1Y SR 4 7 A — i 52 Wil 5 SCHR
(21 [ tHAEXT GIS HEAT B S Jmy ORI i 25 52 B AL
BEAIR Bl A F, 2 R O 7 S MR BA ST T, 2



2 HEHEAR 38

R, X 8L GIS ¥R s 55 Bk = A 5 B
SRR TP L BR T B, HLAS [R5 b e B 202 1) 1 7
PR — 4R T

DNPETF GIS HUBRER BRI R T T-PURE T FfE e
PO, T 20 PR3 BT 7 AR 0 R 3 T PR BEAT 4 AR, S
i GIS Wy AL B AR 4 b S 12 fuh Bl b T 119
RS G 5, R TS AT A& 3R T4
A2 GIS MBI RS 5 5o R GAN 523 GIS 2
GiPRah{F S I 5 S TR BR, Rl Xt AN ]
I ) I AL FRARLL A CNN [ PEBE , 42 S5 8 GIS
AR B 7 IR

1 GISirEESRESHAE

1.1 GIS ¥ SMFHRNES HE

DRI SIS 2 A5 T Y GIS ALK 3h R, SC
RS T GIS PRI T &, WKl 1(a) Fi/R,
HorAFEE 500~6 000 A HLJE T ISR . & E5
AL UR R R SO AR R AR L GIS IR AU {4 | [ % 7E
GIS Fefk I (Il B AL I R BE R G . IR0
T P T SR Mo Sk Ak 43 0 15 kA i G IR AR
By Sl S AFAE S R RN VR AR AL 4 FiR B
Hibkpri g e 1(b) iR, R ANRERS
SRR 1 iR,

@éﬁf L LT L IR AN

(a) GISJERLPIAslalae T &

SRR L pamde it
‘ﬂ\ 0
i %j
-~ 7
PR
il ok RS
ARG Py Pl S e
]iJ
S A7 P24 R SRR A

(b) AT S 2R f figh 5k

B 1 GIS#ERE TS SEMRIRIEE
Fig.1 GIS physical experiment platform and
contact defect configuration
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Table 1 Parameters of vibration acquisition system
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Fig.2 Comparison of GIS time domain and frequency
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Fig.3 Time-frequency transform spectrogram of GIS vibration signals
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Fig.4 Anti-interference detection process framework
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Table 2 Architecture parameters of AlexNet
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Table 4 Performance comparison of field back-
ground noise reduce of different models

Tﬁﬂgﬁﬁ PMMD PHD
CycleGAN 0.956 0 62.09
QS-Attn 3.439 8 134.16

3.2 GIS #ZmEk i 21 REXTLE

A FLEAR R4 20 15 5 i 4h BEAR 1 1 CNIN &5 44
Xof B2 e B A 743 28 B M B, SCHR SR T S 43 e
W 4 FEMAE IR, Bl HER(P,) A EF(R,) .
WA (A, ) AT FL 230 80CF ) X BRI BEATPEAL . 2
SRR AR R , 0 B 43 SRR R R T

TP
Pr(‘ = (l])
T+ F,
TP
R, = (12)
T, + Fy
T, +F,
A, = x 100% (13)
T, + Ty + Fp + Fy
F 2P R 14
-y (14)

i Ty Ry 43 28 TE A I 5 R AR B8 ol o R A iR
PR LGB T R 43 2R IE 1 1) 1 RSB Fy ol
AT ISEER N IR H EUSEL

5 AR fib R o AR 1Y) 4 FHPEAT R bR
S50, FES AT, FEF Mel S 4 1) T A AR
B R AE R 0 B8 J 0 T STFT A1 CWT; R H]
ResNet18 16kt i 73 2585 7Y 1) 12 W 45 SR A0 TR
AlexNet 1 JBRpe 7 2SR 12 Wi 28 3L ; 76 ) Fh 4328
B rh , Mel-ResNet18 6t [ 73 BB XF GIS 7
SRR 2 (B A S UERR R ) AT 1k 99.43% , A HL T3
fiiL 5 FRAELTY , Mel-ResNet18 747 ik 5 1] Fl 5k [ 12 Wt
FIMER R A BT

R T BERR 5 HOAS R fil R 43 FE A



LR 42

F5 FEEMMERPE S EERIEREXTLL
Table 5 Performance comparison between
different contact fault classification models

B A R P, R, A,/ % F,

Mel-ResNet18 0.992 50  1.000 00 99.43 0.996 24
STFT-ResNet18  0.908 75  0.996 57 92.80 0.950 64
CWT-ResNetl8  0.761 25 0.930 48 77.41 0.837 40

Mel-AlexNet 0.979 99  1.000 00 98.48 0.989 89
STFT-AlexNet 0.895 63  1.000 00 92.44 0.944 93
CWT-AlexNet 0.746 16 0.923 90 75.81 0.825 57

AR BRI BE T, SR ¢ S0 AR R REATL 3R A (2-dlis-
tributed stochastic neighbor embedding,-SNE ) X} 4% 5})
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Fig.6 t+SNE visualization of classification
results of different models
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Fig.7 Confusion matrix results of different models
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GIS vibration signal denoising and mechanical defect identification

based on CycleGAN and CNN
LIAO Jingwen', GUAN Xiangyu', LIN Jiangang', LIU Jiang’, ZHAO Junyi'
(1. College of Electrical Engineering and Automation , Fuzhou University , Fuzhou 350108, China;

2. State Grid Ganzhou Power Supply Company of Jiangxi Electric Power Co.,Ltd.,Ganzhou 341000, China)
Abstract:To overcome the influence of background noise interference on vibration detection efficiency, an anti-interference
framework based on generation adversarial networks and convolutional neural networks ( CNNs) is proposed to realize the
contact defect detection for field gas insulated switchgear ( GIS). Firstly,by current-carrying tests on prototype GIS platform,
vibration waveforms of GIS with four artificial designed contact defects ( missing finger, loosening bolt, with decomposed
products and insufficient conductor insert depth) are acquired. Vibration waveforms on field GIS which contain background
noise interference are also collected as a reference. Dataset for background noise interference removal and contact fault
classification is built through spectrogram transform. Secondly, a cycle-consistent generative adversarial network ( CycleGAN)
with field vibration spectrogram as input is adopted to remove background noise interference on GIS. Then,two classical CNN
architectures ( AlexNet,ResNet18) are empirically designed to extract defeat features hidden in vibration spectrograms. Finally,
the contact faults are identified via fully connected classifier. Influence of different time-frequency transformation algorithms on
fault classification results are also compared. The results show that the proposed model can obtain maximum mean discrepancy
(MMD) with 0.956 0 and Fréchet inception distance (FID) with 62.09 on field dataset,and the Mel-ResNet18 model could
obtain 99.43% contact defect classification accuracy on test dataset. The proposed method in this paper can bring sound
application value on improving the effectiveness of vibration detection and contact defect diagnosis results of field GIS.

Keywords : gas insulated switchgear ( GIS) ;contact defect;mechanical vibration ;cycle-consistent generative adversarial network

(CycleGAN) ; AlexNet ; ResNet18
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