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Abstract: Power cables serve as critical hubs for electrical energy transmission, and their insulation performance directly
affects the safety and stability of power systems. Regular partial discharge (PD) diagnosis effectively assesses insulation
conditions and identifies early-stage defects, making it key to improving power supply reliability. This paper focuses on
artificial intelligence (Al)-based diagnostic methods for partial discharge (PD) in power cables and systematically reviews
recent research progress in this field. First, the fundamental detection methods for cable PD, including electrical, ultra-
sonic, and infrared techniques, are introduced, and their advantages and disadvantages are discussed. Next, the paper
highlights the application of Al algorithms in cable PD pattern recognition, with a detailed analysis of traditional machine
learning and deep learning approaches, covering their evolution, strengths, limitations, and applicability. Finally, the chal-
lenges in PD diagnosis are summarized, and future research directions are discussed from three key aspects: data
acquisition, algorithm design, and the development of cable monitoring systems.
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Table 1 Power cable partial discharge detection technology
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Fig.1 Basic process of artificial intelligence applied to PD

diagnosis
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HIRRME, I & AR B E IE B SR

Rt —B 4t CNN 75 4375 T B AEmf 1
AaTsENE, BEiE =TT 0. 3 —, CNN
MAAELL . il CNN XT3 & R IA R
(X 4 B A B 3 Y. Piklu Das 25 A\ i FH 72 il i 4%
A CNN 347 Jm 3 R ), IR [A) 8¢
ResNet50. MobileNet /b0, 5=, JIZH
WAt . Sun 2 ACK 1D-CNN W4 B T i if 3h 42
A Fp 2 2 i I JR AR RS SRR A, FEXT LT
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i
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Fig.6  Structure of convolutional neural network
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) ) |01, 5=, FET CNN B A BA ¥ it. Yin
2 NA%EH] Hausdorff-like P28 592 F FH 48454k it
ARSI, 8 Mok CNN $2H PRPD R4 E I
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S5, Sian ARG MR A ML, FIH
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312 FETFRAMTTE

EIA LN 45 (recurrent neural network, RNN)
I BINERIGERE PRI SRS, TR A B
FIEARIRE ). HAZDRHIEAE T RIS it 12 4%
i, RVERZE IR g s BRI A AT . SR,
RNN {776 B 1A BOH P55 3 2R 1 R, Mk DA 0 A
R Z IR OC RO, SR oX — )@, K5
112 M 4% (long short-term memory, LSTM)i#id 5| A
1N RGIORAS, BRI T K A i
MIEEIEE /7. Nguyen %6 ¥ LSTM R AT GIS J&)
ORI, SCEL T PRPD 13 S E SIS
B, RAEERIL 96.74%0000, ik — R i
JPEERERE /), Bi-LSTM 5] N T Bl i 3 AR AL i,
FCA S 0 T8 FR K B 4 A B AR E SR AL . Rakesh
Das % \f# A Bi-LSTM 437 Jai il il B ik v e 71, ]
RIRIEE R T B BT RT I A M S, FokE
FE BE LT LSTMLOL,

Rt — DR A SRR, TSR R RO
SIER, MIAREHZE T CNN 5 RNN [IBES B
%o Ang Li FFH CNN $EHUmH0 25 AREIE, R il
& LSTM Al GRU 2 5E & RNN #4215 5 i



M B, AT, B oAk, . NTEBNT i B8R a2 W ke st e 875

KA PEN 2, Yeo %5 A#% CNN, LSTM. CRNN,
BILSTM 2% HEAT B, [ ) A P28 5 o 7 1
XTPHER I 28 1R 3 R SZ AT O, A RO | B —
ZMLgiRZE, P 1 HLE RO A RS R, ]
729 Yeo S5 NAT I 3& A2 AR A
3.1.3 BT HBhg%E A

El 3% 5 25 (autoencoder, AE)f&— Pl T4
A28 I T B B 2 IR, RO IR R N TR 4
RYERR TR, PR I SR H A 340 5 R 2 B R A i
ARV, PREEZE S EY R T H 3hgmid4s i he
2 FBCR 2 NS5 K 3578 4y H 9 #5 (variational
autoencoder, VAE). i H % i #% (sparse autoen-
coder, SAE). &b H %% 25 (stacked sparse
autoencoder, SSAE)%:, |8 8 &y AE FI SSAE (451
K, Hox AEMSE, hBRERIZES | ME
TG, BTN -1 ANBEIRZ RIS | MR, b
TR VRN E, w R 125 HAHME 2 8%
FERIREZEL, 0 A m 53 NAEFE S 4T

VAE 5| N T #EZ 53 A7 FNAR 43 HEWT I JEAR, JEAR
AR TH R N AT A A RS, amad 5 N B
ER e PR B B GE A 8], @ i e A ()
PR R AR S ARFE . Ryad Zemouri £5 AN F H &
FRAR 73 B b 2 0T =3 350 0 FL ) s AR AR [ = 04T T
RN, B E RN TR R IR A 43
A4, SAE B TMmi e AR, SRRz B s
IR, (TS B FEAT B I (8] R Re g > &
HIBS R T . bk A gmidas AE, SAE B HAR &
FENAG B0 B — AN EL N B = gE ) 25 a) 3
BB Z P/ INRHAIE . Duan 558 N & Ja ] 32 1 0t
STV TALFE SRR TR HR B, SRS R SAE X
HARFFIEEAT B 3L IRES), SAE 7EHRER #B
HLAE 5 TR A ORI I B B0, (R B
AT RS F RS B . SSAE HHZ )2 SAE ML,
2B ML SAE BH 7252, BERHHAEN
TERIN, AT EGR 2 5 2 B2 A S
IXFPEE T A O AR JE ik 1B 20 FR B v 2 IR PR
TERA RN 5 2], B AP m AR BRI 14 BE . Tang
S5 NFIFH SSAE X PRPD BEISEHL T I &5 s A
) P Z FEURFEN ], SSAE NIITE S 44 Je s F RS
B, ERTHE RSN, IZRAERE IR T .
3.1.4 FETITRY T

iT#% % > (transfer learning, TL)FJA% 0o PR3 & M

FR

Eiafsd
THE Ik
it B2

BILSTM

B 7 BIERNAE PSSR R G
Fig.7  Adaptive NN ensemble system!*?!
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B S DURFIESR AL, 45 E W], DenseNet201 7E
PRPD i 4b P - 14 fE 58k 107) . Raymond %5 A\ H
T 25 DeepLoc CNN i H4%ERZ, AT
SRR ) —{H PRPD [d] 5 N EIEI8], if
TSR] LLAE JR 30 8 FR R A B A 15 0 2 A5 28
RO, AHE SR UEIBORT B AR 18] (1) s 40 A1 R AH
AR R, 0] RS EMITH .
3.1.5 TR 5

TR E(S 2 M 2% (deep belief network, DBN)Z—
F i 2 )2 %2 IR 37 H-2% 2 Ml (restricted Boltzmann ma-
chine, RBM)H#EE: 1 Al 1948 oA Y, s & )2 76
BT ZRANE I B R, sets B sh B e 2ds b
PEHL i JZUUREAE, 10 2y DBN W48 254 . 78 )R
JCH RS, DBN 0] DL T AL % ) A% Sk s s vh
FEHUE FHMRHE, BAEmME AR T R AR E
Bt o

Karimi £ A58 &3 DBN 1] LA T H 312 HL
JRIFRIS A ) X A HEREAE,  JF H. DBN fERE S
NS T AL G 7k 000-100 g —30Hh, Li
& NFFE 7 5T ADAM 4L 1) DBN(ADAM-DBN)
T B XLPE HL40 1) i i s =GR . B 7T
FIFH Canny Sy FRAL 3 R 555 FRK %, R H
DBN #4743 250991, i e DBN £ 5 447 5t (13
F, Qin S ARJEE 1 N B85 70 A1 RS FLAL Y,
FHFH DBN HEMHEHUE T HIRHE, SCERMELEL
i A zh o201,

YRR IS AT W] S RS B s A
AN R B R T R B AR A SR AP INE, AT LS
N A KT BT 2% (generative  adversarial network ,
GAN)RIG BRI 2 . M TR G s 1
BRJTVE, GAN @I XTI R 7 204 s o &
A, AR AN A A R, HLrR AR s 1 BT AARE
HURE P o AR B 5 SR AR B A, T ) 3t 25 U
T X5 ELSEREARI A A . il AW A 4t
TR, AR RENE B D 5 ) BE I LS A A, AR
FSFEAS B RFAIE S DD e J Sl A 5 0120, [ 11 Je
N T GAN R H S RS B .

Zhou Z5 N\ AR FEfEST Wasserstein 25 A HT Y
2% (Wasserstein gan with gradient penalty, WGAN-
GP). IREGIA T P 45 (deep convo lutional
GAN, DCGAN). i 5t 551 A o470 4 4% (boundary
equilibrium GAN, BEGAN)F] T4 7 %548 o 45 K iy
SR R E B B s3], Wang 45 A\l Wasserstein
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Fig.9 Architecture of pre-trained neural network!!%”]
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Fig.11 Structure of basic GAN and its improved models
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ST % (auxiliary classifier GAN, ACGAN) 5k
Jiik, G5E R R b N A B E SR IO F =)
BUE, R T GIS JR i ANFE A FIAN -1 4% 1)
M, B 1o KUk,
3.1.6  EETHEINSIM T

VE & J7HLH (attention mechanism, AM)HJA%C»
SARR R T4 AN B A A RCE, i g R AT
BHEEREL, MM RER D @R 1, IF
HAE S A RIGRFE S ) e g & R = . Xi
& NBER IHLE S BILSTM FESE &, 28 A ks
fiE, AFAS Y AE o) 5B A FE A I Hp R B AR e ST, Li
2 NBERE IV S CNN-LSTM fRAFHZE &, Xt
LSTM BajsCtRASR 7 A RIBCGE, s8R SRR, ik
by s AE BARRIO, Fu S8 N A & IO RE
3L 7 HGEMNAE, 5 CNN-BILSTM #E7AH
gEA, T N 5] N\ AS A)E B J1 i e (spatial  cor-
relation attention , SCA) F1 F| 7] %5 11F 5 > £ Hh
(discriminative feature learning, DFL)>K 155 CNN [£]
FREFRE S 4y 2R 51181, 4, Roy S ANRH T —
Fh 56 T A8 0T D0 3 i 1 R S H R ) AE 42
IVP-PDNet, filié it ) 54 RvE & b,
T TAMEXT EORE . 55450 BUE B R Bl v 20100,

[FIIS R ML A 22 A5 Jr 0 T8 R s A 2
FRAGH IR R TT % . Jose T8 NKGES LA VE = 0L
RS TR FF33 S L T 2 55 JRy 0 . e 1)
FHIERLE, 51 ARMRRSSWEEEZ T, ik 7 A
()AL ) PR B 3 A8 L ) 1200, 2 Skeye i J Ll A m]
REZIIANTURERE, EIFERE, BSOS
TR —E Pk
3.7 TR 2% I T

25 [ 4% (graph neural network, GNN)/& %73
T B G5 A PR IR B A S 2%, SCHRRAERR LA
25E Hod T/ MEARTE L. Lin S8 A3 H— ik
TP H 0 E ) GNN Jiik, didmaErES,
EE B EHF B 1458 )Z (graph self-attention convo-
lution layer, GAT) A1 & H JE & /77t4k, /2 (self-attention
graph pooling layer, SAG)X} %1 4 FiL 45 2 i =) S5 TS HL
HAT L2, Cao 6 NTH T —Fh H & RIS 25 1]
PR I, T80 4 B 0 2 v I A ZOIRASVTA
27 B R FE S Jensen-Shannon #§E #4 2 I
JPEZER, i GAT 5 GRU $#HUR#H HFCT
5T I REAE, I MR BN T 4a i A 2
e, dE NI R R0,
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i, SEEIL T AN [RI A SR TR ) B A SR 024,

Fo T B AR R 77 1K PRPD 45 4 K]
ARG, H B AN [ T8 LR 72 AR R T8 FL A
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PRPD i I Al 12s), 75 B S S5 A Deformable
DETR #RIR FH T I AT 55, J8ad 5] N 22311 2540 D1
AL, BEERTE T 2R PD AL RIS 2 AN
WA 2, I8 T 7E LS I H ALt e 12 M (1260

N TR Z IR S N FEARA BRI E &
B, WA R GAN BEATE0E 1 om AR L 2
> o AR ACRIEE N3 H 8 T4 Bh 43 2810 5P Al A e X
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I G N B AT 55, SEIL T o S I A ke
A GFAAER, IS B A Tk o),
AL £ SRR A AT E 2 IS A027, Basharan
LNFEH T 456 Transformer 544 5% B4 842 ik
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EAOCEIE K BRI EIR TG, B
BT 7 RERAE B S 205 PD IR 55 BT
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AR 5 B N AERFAE S A0 4 B 5 . o Chen 55 A4
T AR B B S 50 A R R 2 SR A
BRI F B[] B A 22 [ 20 e 4 A e R IR A5 v 20 2R 1)
A, i Transformer Zmfid 2855 1 S5 i) ARUREAE
5o e IR e A B TR . SR Re
(] B 2 ) TCHR 1) PR CEAREALE A 1 B 428 7 SR 1) 52
TR R 3 7 7 22 Y8 PD P50 R A 252 01290,
FESEBR TR, SREUITA AT RE ) 2 IR 2H & s
B RAIN . FRX— O ME, TR
22 Y 38 5 i R 7 N o Wang 55 A
FHEREAZE S K2 GIS £ JE PD, HAEAY

I > YR PD AR R HAE A, BAER ]
HUZRAR AAR HLIE 1) 22 P2 5 2R 0301, Wang 25 A
BETH AT 55 2 U B G L R 28 RERE R S ok B 24
N[ S 6 2 B 0 R R, A RO R T SR T
FFRETR AP AR R iR, 3% 4 B85 TN
B e SR AE L R BT TR ARSI PR B

4 Eig

RS S T Gk A T o T R 25
THE T ARF FEE B, ASCESN TR R HIEAE
R R B BRI W TR R, X AR GEbL a2 2] Tk

R4 NI BERYRETR 7 FR BT

Table 4 Artificial intelligence cable partial discharge classification and identification method

R IR e g8 FSERIY ik BRI R
. i BSHUNE A BRI S TR, SRAEA ARt
g BN AR SVW HEH 5 B 99% SREIE  [47)
SVW REMCRA SOOI BOMIRIUER S B AR G AORHAE SVM IR RIA KUEHIk 96% SR [63]
HFCT ARSI A EAS SRR B IRIOUR PO ASE,  SGHER SO-SVM 16y REE  [67]
s i A, IR T 96% PR
. e 1 s FUFNBAS S, il SHURIUSAE, BPNN (Egastedisk
isz BPNN SRR R AR it M O SIS A [68]
T;i_ RECBA EESEEEE RS IRIE R SR RE I TEERA R 42 il [72)
g)
RF WAL GO R A R — e . SHEEMIES N RE BT E6H%, 3F
HFCT G+ N S 2 VI 74
RIS DA (61 SVM {4 2S5 AR B AR AR TRENE (4]
DBSCAN UWB K2k s A3 DBSCAN 5254301 Bt FL 25 Ja3 350 5 ERL P i A3 SEIGEME [79]
JET RLC Hifs 2ELPRPD ({40 A4S AR ARFAE, DT AR B sEsn, b 4tk
DT Gt E NAFAE S 2 80
Rtz oA U F WA R AR SRR 180]
X SRR LA CNIN X A ) LI A 45335 AT PR 4 4 R AT 21 5, .
LS +CNN HET % 97.44% RS (87
BTN E R, CNN 78 EM A R S T A se Tl
= Y SN AR i S = P E
- R T LA NS R 05,1891 97 33961 AT SR [88]
o L2 B R Y . IR L T AR R
B PCALCNN PCAXTEﬂdbiﬁ}%Bmﬁ)ﬁ*m)\jiczésgiyﬁn%ﬁﬁ CNN, FEM P % AR (96
cA= N4 o 2K, M 2%
HFCT DWT+SDP DWT Wi {£/ SDP ﬁﬁg;;;i{iiﬁﬁy@w AR, RRpAAE SEIGEGIE [97]
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. RN T p—— A2 [VAE RN;‘a Zzﬁiﬂi ;a}/mm, JR I AR T
Fik he
e SAE AR ERIEAE SHATRAESL, Softmax BENAM AR, B&
AE UHF+HLHR Sk SAE T T B 99.7% SEEE [105]
Canny %KW KBRS, DBN ESTMATRIES ], ADAM
BN HECT ADAM-DBN Bofle, e Softmax J2{E S5 TRENE (109]
N {57 28 GAN B R E S i 2 Jo i B R, Rl
GAN JEyER LAY GAN PSP SEEGEMIE [113]
5 P R R SR L A S R, - T E SIS I
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Manba B RSSC +Mamba+ RS UGS MR, 15 GRS AR 2k PEWUH (1) KSMNet %%,  S2i 5+ 123]
TKAN S IR R SRR R G/
o PRPD/PCPRA+ %+ Transformer 224 (¥R #E/H. Deformable DETR H b A% 5246 % il &+
Transformer  J X Transformer R, TR B R 2 U B e T
N SR E BN R TR ERL AR ER. 7 SREHE
DAN UHE PRPDSCLMSDAN A E U m@rgm%mfﬂxnﬁﬁﬁzmmn%ﬁf,. a5 gmu‘y (131
DA S5 ) 502828 SR s
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