> o oo o
62 i 61]:0090-0096 ﬁ; ® @ & Vol.62,No.6:0090-0096
202646 F1 16 H High Voltage Apparatus Jun. 16, 2026

DOI:10.13296/j.1001-1609.hva.2026.06.011

E T SDAE-SVM IS /EE S F/ERA B L ARSI

oM, &R, & KR, BIE
(1. FE M4 s A PR AR P 224 A 7, P22 7100325 2. A RS S S T TR AR s TR S R E 5
T, R 430074)

FEE: R — AP A TR LR A %A% (SDAE-SVM) 8RS 3 7 ik, A T & E B YR B L% 81 5
AL (PD)E 5 9 XARA . BARE S BRI P13 S AP LA A T BB IEAT PD X, 54233 50022 PD
BEEPBROP AT 34APHRAE A, LR, A3 T SDAE-SVM 69 R Ae M L6 R Ay . RIS A R PR ARAR AL I
R R B BefE KA 69 PDAZ 5, 3RAF T 93.56% 89 iR R A B, 44 AL t 4 A FEALAR 228 N\ (1-SNE) 2 SDAE-
SVM i# 24 th 34T T TAL, WL T IR A0 2 M 4 SDAE-SVM 32 B AL KR, e, WPty ik 5 Rty
AP 22 M 2% (BPNN) | L @ ZHL(SVM) Fedfe Ak L2k B % 45 25 (SDAE) # 47 T af )b, 25 R £ 9, 48 1L BPNN,
SVM #= SDAE SDAE-SVM #9 B AR 2 A A E 5 A4 3 T 7.46%.6.70%.1.37% , B &4 3 09 TA2 5 A,
K HEBY; FawE; BEXRA; REFT; AL RAHDE

Partial Discharge Pattern Recognition of High Voltage Cables Based on SDAE-SVM
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Abstract: A deep learning method based on an improved stacked denoising autoencoder (SDAE-SVM) is proposed
for pattern recognization of partial discharge (PD) signals generated by different insulation defects in high-voltage
cables. First, PD tests are conducted on five types of artificial defects in a high-voltage laboratory, and 3 500 sets of
PD instantaneous pulses are extracted to construct 34 types of characteristic parameters. Then, the principles and
network architecture of SDAE-SVM are introduced in detail. After that, the proposed model is used to recognize the
PD signals of different types of defects and the pattern recognition accuracy of 93.56% is obtained. Moreover, the
the layer-wise outputs of the SDAE-SVM are visualized using t-distributed stochastic neighbor embedding (t-SNE ) ,
illustrating the essence of layer-wise optimization of the deep neural network SDAE-SVM. Finally, the proposed
method is compared with back propagation neural network (BPNN ) , support vector machine (SVM) and stacked de-
noising autoencoders (SDAE). The results show that compared with BPNN,SVM, and SDAE, the overall recognition
accuracy of SDAE-SVM has increased by 7.46% ,6.70% , and 1.37%, respectively, demonstraing high engineering
application value .

Key words: high voltage cables; partial discharge; pattern recognition; deep learning; stacked denoising autoencoder
N B,

0 3I% FERBC D) M R T L SR 5

EER SRR N kS AR T R R A [ 4 G 5 A Y

FER, RS X R ERAN BN RGN L2 SR PDAG SRS R 2] 5 PD {55 T LAX 73

AR B HA:2025-11-07;  f&[E B #7:2026-01-25
EEUH : HE A RPIARE I H (51541705)0
Project Supported by National Natural Science Foundation of China(51541705).



WETE L

T WL, B B, B R, 25 SET SDAE-SVM B i A4S R s r 2 1) + 91 -

BRpE 2R, TR F Bi e IR S5 SRV £ 4
SRR 22 SRR /N, S BUR 2L PD {5 AU
A R TME L X 53

Xt PD AR R [ B8, 4 AT TS W gt A7 T
WF5T , e 3245 ) R HL(S VM) 5 Sz ] 454 o 248 1 2%
(BPNN) 1 T H AL 5 0k RE A5 21 T 480 )32 14
o SC8IEE G /NI 4 e 5 M A SVM i 7L ) R 48
PD (RGN 553 o SCIO1 3 /)N i ik 2 i
{5 B I FH SVM #4776 4E PD 55 19 X 43 3¢
[10]38 &2 fl 5 PRPD £ X F1 TRPD A =X F 19 9 4>
BPNN #5578 > 48 25 X5 AN [6] PD B4R 510K . ki,
SVM F1 BPNN 45X AL G i S L 2 21 Jrids th T3
FRIESREUAE 11 L AOAS I 20T PD AR CRUIRG B I
AR AR

UTAER TR 24 ) BR TR ZI ) T N T4 e
K. BRI 22 S R AE Tl A 7= 5 N AR
2GR R T KT N L 7 PD R B Sk 5 |
B TWFFE N G2 R, SC[14)ff A B
2 25 U 1 i L BN R) 48 2 B 28 A0 F 98 T AN
[7] PR 28 X RO BCR R 52 A o SCILS 1 1 3 vy i A
AL I R A M 4% AT L R 2R 1 Ry
T RS TR o SCI 161 /NI A0 i A3 ke s
IR Jy 5 5P A SRR (R R, SR FH LSTM
B SB35 U SRy A LA 5 P U S A I

SDAE J& ¥4 B 2% > B3k vh i — i LY 25 4 i
i, 2L H gR i 8% (DAE)HES I L, 72214
BASE] Tz Y SDAE HLA TR JZE UK ) 2%
SEH, RERS TR A5 G0 1% )2 A5 A0 Te k24 ) B 4l
SRR A S A5 B S R R IE SRR N
P 4 PD A IR (0] S Sk T BT 2L, SR,
FESERR I FH Y AB GETR B 2 2 B3 H H {8 H Softmax
O RER LI IEAREREA PR o AR X TRURG B R 4%
o BB R AR B TE L, A SVM 43 28 45 B
4% 5t SDAE i J5 — JZ B Softmax 73 25 28 1] LA %K
TR W25 i e Az AL RE 1. XN
SVM 73 S 28 S 7 2 4 25 18] i 16 43 287 TR X 43
AR IR, BRI AT AT 3 SRS B

SCH R — 3T SDAE-SVM A4 i T HL 45 )5
B S AR TR B, R A SE B BARIE B T
A FIA R L . BRI SR =
BT 0 5 P SR da Sk kBRI T Kt PD il A
T 34F AT PNNRIES I, 85 NHAT
SDAE-SVM f #2% J H R 45 288 . SR )5 0%
SDAE-SVM H T AN Al Bk A2 71 PD {55 138000, T X
SDAE-SVM W32 24 th it 47 Tl digk . &5, M

TEB R4 7 R A R, SO SDAE-SVM TR 114K
5 SDAE DL B AL Se 1138 )2 43 2545 SVM A1 BPNN i
77 8., 455261, SDAE-SVM HA H 0 il 4
PECRN 5y 2508 7, ZE B B AR F SDAE DL K A%
St BPNN A1 SVM #0051, B AHRURE PD
FAN BB E A

1 FEEBA R S HFIE

1.1 SRIEHBLE5HEMLE
SCE B 11 kV Z TR (EPR) HL 45 45 74 DL
B 1, Ry 5 sl g 2 Bl DR 2 .31,

EEENIN

WS HE
EPRZE

PO BN
B il
R

PVCHE

345

1 EPREZHRETE
Fig.1 The dimensions and layers of the EPR cable sample
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Fig.4 The principle of the PD testing system
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Fig. 7 2D visualization of the original PD feature
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Table 3 Comparison of recognition accuracy of

different methods
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