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Application of Artificial Intelligence in Partial Discharge Detection
Part I: Denoising and Fault Location
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Abstract: Partial discharge would accelerate the ageing of power equipment insulation, which is an important
monitoring indicator for the condition assessment of power equipment. The research related to partial discharge
mainly include denoising of discharge signals, pattern recognition of defect types, equipment status assessment,
and fault location of discharge sources. The artificial intelligence can effectively solve the problems of non-linear
fitting and optimal solution in partial discharge detection. This paper introduces the detection methods of partial

discharge, summarizes the application of artificial intelligence in both denoising of discharge signals and fault
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location of discharge sources, and points out the shortcomings and solutions in the current research.
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Fig.11 Comparison of denoising results
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Fig.12 Laboratory measured PD signals denoising results
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Fig.13 Classification results based on the

fuzzy C-means clustering method

3.2 HMERIRAEE E L

JR3 8 TS ERL B4 9 5 6 A BT ARS8 BT R 1
BRI SR . fESEPRIZ AT R s S A a —
SE PR G 7R T, W 7 R A A 8 T 1 g e o
7P AE K A 22 5 DRI T 7 B s 7 T B R0, 75 22 et
DA S AT M AL B . B SR A SR s Oy S ik
% U S AT IR T I BRSO T
B s 62 SCHR[45]°R F 58 T 40 A % B 1 SRRk
FIEE T Wk 2 BE B9 1 K-means 58 38 54005 22 5 =) 305 5 e
SE L )3 B P T8 22 0N R SR R A ) R S
PUE e 75 TR IR B N AR 2 7 SCHR[46] AR R
HY K-means H 15X 2 Rl & 45 Ft AT 8L R R
HOOAE N TRIAE K R 2R 0 5 B e g5 IR 28
I BP #1200 2% s LB T UHF A5 5 18 53 3 i e o
B IE, B i B 3 42 2 FAR AL A 22 MBI /N o

T 10 000 2 4D A S 80 Pl B 0 o 2 O
HEL P R f 45 22 T R AL R HE R P . S
R [471R H R T BEAR AL 5920500 8 0 -1, B 20
Y7 DR IR ) 22 0 AN v T S A A R 2 I
3 3o A UL R K SRR S R TR AL R R T
JHCFEL IR S ) A T 5 B33 A7 8RR R e A, SCRiR[48]
52 ARG FEAE 30 em BAP o T4 A 5 AR IR
A J 0 TR W 5 A, TR (491K F 3R BT 35 B )
& O BE 7 ST 55 5 B I AR AR 1R [A] , K B
(] 22 87 FH 75 52 T PSO S92 1 e o 7 5 e K v 5%



BEHR 2021,54(5)

Wiz A4 N DR REAE R A LA 00 e RS2 )« 25 M b e s o fir 17

ZN17.2 cme.

X T 52 2 S R 1R H T VA TBCHL IR TR R S r
K F 2 A6 TR 2H A W) 5 SIS 0 T F T HE 8
BL, 3K A 1R A5 2EL R RS I 5 2 2L TR [ R ) 1)
SRR AE Gy B N R B i IR AS o B SR DL I
BT B RE S A A Bh T3k R B s RS
R4 R AR . SCBR[S01K A 38 A% 00 — ko
R SR AT DAk, 156 75 I SR i FE Bk H RS 3 e A IR
A, T S 3 e 8 A P R P R R HE R E AL . PSO B
T TRVRE S T #7078 T 85 TR 8 5 HE IR TR R 7
SEAN, SCHR[S1]48 H PSO Hy HA T & i ih
AR P PRI ST SR, 3 B 1 A 0 B vk IR L 1] PR PR 4
5 B P AR i S A R B R, e AR 2 B R
T B/ AR BEE B MRS FEAE 13~32 mm. Ayt
— R E MR L PERE, SCIR[52]5E T S
5K T H1 IR 8 A 5 (SQP-GAD i3 AT HL )
A A TR E A, 5 R R TR g s
B0 DA R AR Re 5 I SR RE 05 08 B 4 R S ik
Ao IR Sk AL Bk, SCER[S3R A & Tt A 5
TSI T 7R R R 1) HAL ) AR S R R
B, 78 A7 AL bR 73 12 1) 45 B R 25 R K AR 22 20 B 20N
168 mm A1 124 mm, ff T8 4% A PSO 5k . 45
A LA B, SCHR[S4]R A — 3 Dk 73 A A0 B
SEHLEE T UHF 15 5 19 PD YRR € 2. 7E47 E 41
(1) 6 PR e v, 2 60K FE 35/ F- 15 eme

B — A B TR SR A R S RS B, £
Tl A A B592: 110 il e 08 0 38 25 3 R R0 SR B 4 S
AR . SCHR[SSTTERL T BEAL A SV M B Al o
BB k) B4R, T T4 s SR e )1, TE R T
5 JR3 S T PR P R A 2 R R T R R FRL T B
PRAGI 25 B o b R A A% SR 25 B 51 R 4R (1) PD 15
5, SCHR[S6]R 25 T g s AR BVl 15 5 i dh ik
RN T 08 B i ] 22 R AT SR A, HER AR B4
O AR R /R = R VG B 19 R DA B
g8 I LA 10 i 7 % 228 /N T B/ IRIVE I 45

HTEH IR T NE TS REZRNEE, A
[ W 2 B (Y R RS S AR E 2 7, R AR T 1 o —
Tolt 5 A7 % W A2 R AS [0 0 22 5 1 JR3 3 I FRL A 5
AT e, o AR A R ) 25 0L, B E
JR TS 5 R 5 8 ALAR S AR AR ) &, 0 g R R
PEBS R JR 0 S T B AR R, S I 4 SR IT
BC TR LB B o SCHR[S 7] AR R A DL G 50 F T
7178 5 4% PD &AL , 1% 5075 M TE AR IR 28 ge 41 B 1R

56 IR A5 I B 2k B 5 MR AR e 2 A A 4 A5
H IR — A AR AR AR AR % B AT B, AE AR SE Brig 4T
[ 110 kV G820 R4 T SR 2H K B2 5% 1 58 0K B
X T AN PD & A Az B R A, SCHR (58138 i
SVM SEHILAE & 25 5 PD VR [A] A AT [ A A1 (0 1 02, o8
RAG B2 1% 31 100% . 3 3 52 HGE 5 A5 5 g AE K]
o T AR DA S 2R A T R AR HUE R IE S B,
BR[591K F BP A T4 22 [ 2% 52 8 PD I %€ 47, ik 56
N IR BT A 95%. HL T & S PR is AT
AJ BEAFAE 2 AN TR U L AR A L, STHR [60] 38 i A5
FH K-means 5 35 J7 4 X6} i) 35k 0k 3115 () 2 (TDOA) 3k
ITRF TSI Z IR A UHF (5 5 10 5, 50 45
TR AR W% R SR B S A BE AR T A - R AR
W T AL TSP T AE 22 v S FoAth g Y v .l
I PD {5 5 ISR AE , SCHER[61]R F BEATL AR bR Sk
MET ELHBESHIPDEN, HEBEREHIL
(bootstrap aggregating method) Al [a] 544 1) 75 ¥ 14T
XPEE, 25 R 14 B . B 14 7T LUE i BEHL AR
MAEEE A 3 m WHT R I B AR BRI = 2 91%,
WY TR R O 70% O LA B o 95% B AR I [ 3%
B, BE AL AR PR DU /N (14 15 0 5 i 7 0S5
it

0 5 10 15 20
X#h/m
14 HEEERLERXTEE

Fig.14 Comparison of fault location results

2 B3 R BT W e R A7 BB 55 I o TR R AT A
i 22 B o0 25 PN 4% 5 A FH T W0 2 6 1 iR ZE A TR
SCHR[62]2K FH RBF 52 3L 2% - UHF J&) 350 5 H B ZE 1
JRCH 58 A 1R ZEAB I, B0 45 AR, 2 A iR 22 v
HITE 0.5 m LN, J7 A M iR ZE I TE 6° LA o SCiik
[63]45 & ki T B 505 AT BPNN S2 3 T UHF (5 S 1
e 0 TR B 5 7, AE IR R B o, P 2 E A iR
90484 m. 5 eI IT R SR w4 00 28 42 4 R Y
W& AN, SCHR[64]°K H 2 |2 RBF #il 48 [ 45 73 42 S
UMb e A, W 15 Fros . AWK 15 7] LA HY, RBF,



18 Fili s 445 N TR BEAE R 080 AT e 80 2 D « 5 g B i e g £

iR 2021,54(5)

FF I 4E % %2 5 IF , RBF, H T PD i & % 2 #f 1F .
P37 AE B RBF A RBF, HL A 40 &% 25 43 Aii (1 g
71, &3 R 2R IE M AME J5  PD R BS € £ 1% 2
3miR/NE0.5 m BLR, 77 )M R ZE N 12° /N F 5°
PAR, B AR[R] 26 78 1) PD A5 AL 304 R A7 f 3 4
HAT B &R

IS 2 ;‘j ZR “7_
N | A
¥ W

RBF,{  RBF,{ RBF,f

LT NTT
O A B C D E F G T
12m 15m 18m

Om2m 4m 6m 8m
E 15 REEMREZM LA THEENL
Fig.15 Fault location based on radial basis function

neural network

4 TR7EIE)RR R MR SRR

N L ERFEER R T s 5 1 5 8K
P AN R SRS B (HL 32 PR T I 2Rl 2 A T
FENL R 2 1k S AT S AFAE A 2 o AEERIB ARG
{1 ] P A0 SCR B il L, B BT ST A 2 Ak 4R
H R AT (10 g R SR

(D Id 7€ &% J& #00F S 7 e R S 57 BT IR 1
TN T LR B REE, fELREThH T
TR YA BB D AN [ R R 1) 2 S A TS VR A R
JELT P 0 5 45 P S 56 S SR AR ARIT 9 RRR HE DL L
T TR 58 ardad g 57 7 ) [ 5K 84T bk
b AE S R AN [R] R A I S8 A R R R DR
T

(20 N T8 RE B335 K L FH A A8 25 Rl it o SRS
A T S s T e =2 0o JEE B A, n R FH AR SR B2 T/
e 25 MR AN R T L 58 46 1 2R VL e 18] RO % B )
Wk gt R A A ) S (R (K R Rl o), it — b iR
EIZACTEBE -

(3) B LA Hh WLy W # 7T REAF 12 2 Ab TR HE
P, L2 2 R SRR R RO IR, SR T 22 A TR P i
SE L AR TR D o X T 2 PR R e AL, Se il i

Uit 2 8RN B 4 SR SR I TR YR I RR R S & (L
B PR R G A0 R BUAR O R RFAED , T 4y 1S &
VEAE 5, PR AN [R50 R VR R4 5 J8 A% B 35 B 471 T
FS PR 77 R 2HL 23 1) 25 SRR T L R ) A

(4) % T GIS 8 GIL H 1) J=) FB 18, , SF E T8
RE T2 950 I D0 T K R AR i o R TR — R R
(1 JR3 S TBCHS , 23 P 0 2 KA 7 i T R 2 20 9 1
B 7% (8] 4 Ak, a3 T B SO IR AR B g 2 A
AR TR TR RS T A B DA RS I BT (1] 22, BT 44
T E B SR AR IR 7 FRAH L R AR AR SRV g T SR HLU O AR
B AAR . 65 R W AT 1 FH ' 5 UG 48 H 30 ) B
V) 22 A0 3¢t B 25 SR A 1 7 R 2L, b >R Ak iR
BRI AR A B

SE Mk

[11 EBKBRB A . B B3& MR I 5 52 B M.
BB R W R, 2006.

[2] 2% T L PR M A L H AR TR O O H A I AR S VT
[7]. 4% AR, 2015,41(8):2583-2601.

[3] FEEE EREE A iR RO R AR R 2R
R[T]. B E R, 2017,43(7):2263-2277.

[4] Z=iE2, £ R YL RS . I A8 He 25 il 4R 26 2 ) 0 i H %
i 43 A REPERIE S LR 1], 1 B R HE R ,2020,46(8):209-223.

[51 25255, i LR ZS 2 W ) 0 TS vl o 75 A - PO ) R T Ak 2
[9]. P42 A8 38 K 22 25 411,2006,40(8):964-968.

[6] #5280, A 7o, 55 . A2 & Jay fls 0 e ) v ) /N 08 25 e 75 7%
[I]. TR 4R (H AR FF21),2004,27(10):67-70.

(71 XUz 87 P28 R A6 . T 2 — /NI 2 A T 2 4T 11 SR T
W] SEERIAR,2004,30(2):29-31.

[8] DONOHO D L. Ideal spatial via wavelet shrinkage[J]. Biometri-
ca,1994,81(3),425-455.

[97 DONOHO D L, JOHNSTONE I M. Adapting to unknown
smoothness via wavelet shrinkage[J]. Journal of the American
Stacistical Association,1995,432(90):1200-1224.

[10] DONOHO D L. De-noising by soft-thresholding[J]. IEEE Trans-

actions on Information Theory,1995,41(3):613-627.

[11] s8R A2 25 o 4% JR 0 O R IR 45 Ao DU AR AR A AL A 5 WP
Wi R [D]. 5K KK 2%,2014.

[12]  SHI XA R, . R 5 TR AN SRR 1 s WL R A 52
G LA R R BRI ], H R ,2011,35(3):135-139.

[13] PB4, 5 &, VE AT, 55 BT S AR AR ] — 4 3 e 43 43 AT 11
SRR O A 2R [T]. BLPROK 2% 41,2013,36(5):56-63.

[14]  FJ5 B 0R, £ T 455 R T i B A 22 03 6 G 1)
WL GIS Ja 6 s e A 20 1R [1]. o T R 2 4, 2015,30(6):
225-231.

[15] HAO L, LEWIN P L. Partial discharge source discrimination us-
ing a support vector machine[J]. IEEE Transactions on Dielec-
trics and Electrical Insulation,2010,17(1):189-197.

[16] SALAMA M M A, BARTNIKAS R. Fuzzy logic applied to PD



@estrRl 2021,54(5)

Wiz A4 N DR REAE R A LA 00 e RS2 )« 25 M b e s o fir 19

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

pattern classification[J]. IEEE Transactions on Dielectrics and
Electrical Insulation,2000,7(1):118-123.

B KV SV A 8 5 . GIS Jw) Bl ISR ke 7 2R R IE SR MU
E[I]. LA EAR,2016,31(9):181-188.

JB B < W O Y PO A5 TR I H T B R T Y
AR 22 AR G 2 B (3], b B R HL D2 2 4%, 2006,26
(14):114-119.

WRAR AR BT, v 2 55 L Il AR 4 2 SR BORRFAE A5 L 3R A 3L
R[] B TR AR,2011,26(4):7-12.

MORETTE N, DITCHI T, OUSSAR Y. Partial discharges mea-
surements and analysis as an evaluation tool for the reliability of
polymeric-insulated cables used under HVDC conditions[C]//
2018 IEEE 2nd International Conference on Dieletrics. Buda-
pest: IEEE,2018:1-4.

TANG J, JIN M, ZENG F P, et al. Assessment of PD severity in
gas-insulated switchgear with an SSAE[J]. Institution of Engi-
neering and Technology,2017,11(4):423-430.

BARTNIKAS R. Partial discharges. Their mechanism, detection
and measurement[J]. IEEE Transactions on Dielectrics and Elec-
trical Insulation,2002,9(5):763-808.

SAHOO N C, SALAMA M M A, BARTNIKAS R. Trends in
partial discharge pattern classification: A survey[J]. IEEE Transac-
tions on Dielectrics and Electrical Insulation,2005,12(2):248-264.
International Electrotechnical Commission. Partial discharge
measurements: IEC 60270: 2000[S]. Geneva, Switzerland: IEC,
2000.

e [ e VR X AR R 4 5 I 5 A AL FOR 2 DR 2% . JR) I
L& :GB/T 7354—2003[S]. b5t R 5 AL, 2003.
BEM . GIS Jai s F f0 75 F I A 0 7 3 B S T BIE 92 [D]. R
FERAER,2018.

RAEEE . GIS Jaj Fl J5CHS 75 WA I 3R 48 BE T 5 58 A 45 R AT 5
[D]. dbmt:AE L L )R 2,2014.

VFUR L AR R VT, 55 . GIS 260 %1 oy 3l JC Pl e R B0 5 7
Je ], v AL R 2441, 2020,40(5):1703-1713.

2 5, 2 0, AR A L B TR R A 1 GIS Ja) A i i S
ST 51 [T]. 7 K HEL2%,2013,49(1):63-68.

FAC M E R, 2O, A BTN I i R R e R R
1) GIS Jai 6 OB B T A0S 5 T RE /N 25 e 0], F DR 2
12,2012, 27(5):84-91.

SR AR AW, 28 phi s GIS JR) 8RR AGL I 7 VR Rk
LUAFF 7E[0]. 482541 81,2017,50(12):64-71.

Wk B b BRI, XL, 55 . SF TS 23 P 2H 73 23 e B 2 FH F)
FEIURE R LI]. o AL A2 £ 4%,2015,35(9):2318-2332.
TR, Wk, 55 . ST i A AL 0 (R IR AN
JE[T]. B E TR ,2008,34(4):664-669.

ABDULLAHI M, RICARDO A, JORGE A R, et al. Artificial
neural network application for partial discharge recognition: Sur-
vey and future directions[J]. Energies,2016,9(8):574.
OB VLR AR AR VA T R i /N
B 23 M ], 1 B R HER,2009,35(9):2114-2119.

LI J, CHENG C K, JIANG TYY, et al. Wavelet de-noising of par-

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

tial discharge signals based on genetic adaptive threshold estima-
tion[J]. IEEE Transactions on Dielectrics and Electrical Insula-
tion,2012,19(2):543-549.

Rl Y= R o (O RF L I RS R RN 4 = P A
FRE 25 R[], R 4 R,2009,35(9):2114-2119.

LR ARSI AR AF Ry BRI A N B & MR ETE T R
TR )], A TR 4 41%,2012,27(5):77-83.

R YN INCT I R b hANRY & /o S V) 3 E By VAR (=R
TS KT R A s R e 0], HUS FR 2017,43(5):1485-
1492.

K, AT R T SO ORI A R A Y )R
JBUE T BT ]. TR 41%,2015,30(12):320-329.

XIE J, WANG Y Q, LV F C, et al. Denoising of partial discharge
signal using rapid sparse decomposition[J]. International Trans-
actions on Electrical Energy Systems,2016,26(11):2494-2512.
TRER, AT 2R ZE PR A BT K-Means (945 v 43 ) 350 50 H o2 A
2R IE[T]. S A 3016,2017,39(5):106-108.

LIUY S, ZHOU W J, LI P F, et al. An ultrahigh frequency par-
tial discharge signal de-noising method based on a generalized s-
transform and module time-frequency matrix[J]. Sensors,2016,
16(6):941.

MOTA H, ROCHA L, SALLES T, et al. Partial discharge signal
denoising with spatially adaptive wavelet thresholding and sup-
port vector machines[J]. Electric Power Systems Research,2011,
81(2):644-659.

F 5 YRR . T TS T IR e R P H S L 1R L
IE[C]/2017 25 R HEL I K R i 2 . Ab5T,2017.
WRASCE, i R TN, % MR 55 . 3T BIP 001 8 %) 0% 1005 vt 3 ) 0 T
L iR ZE AL IE[T]. i BR FE R ,2018,44(6):2040-2047.

FEHE, PR, AR T A L — Rl 2 RS B SR A R E
WAL JTE]. T HAR4],2016,31(10):119-126.

BN ARG A E W] JE T 2 A% R 03 T A R e )
U AL TR L] 2244 8,2013,46(2):53-56.

MIRZAEI H R, AKBARI A, GOCKENBACH E, et al. A novel
method for ultra-high-frequency partial discharge localization in
power transformers using the particle swarm optimization algo-
rithm[J]. IEEE Electrical Insulation Magazine,2013,29(2):26-39.
KA WD R 41 ) - 388 A B e FLAE AR T 4 SR
PR 7 6 A R B (3], F AR, 2015,39(1):130-137.

TANG L J, LUO R C, DENG M, et al. Study of partial discharge
localization using ultrasonics in power transformer based on par-
ticle swarm optimization[J]. IEEE Transactions on Dielectrics
and Electrical Insulation,2008,15(2):492-495.

LIU H L, LIU H D. Partial discharge localization in power trans-
formers based on the sequential quadratic programming-genetic
algorithm adopting acoustic emission techniques[J]. The Europe-
an Physical,2014,68(1):10801.

LIU H L. Acoustic partial discharge localization methodology in
power transformers employing the quantum genetic algorithm
[J]. Applied Acoustics,2016,102:71-78.

NOBREGA LA M M, COSTA E G, SERRES A, et al. UHF par-



20

Fili s 445 N TR BEAE R 080 AT e 80 2 D « 5 g B i e g £

iR 2021,54(5)

[55]

[56]

[57]

[58]

[59]

tial discharge location in power transformers via solution of the
maxwell equations in a computational environment[J]. Sensors,
2019,19(15):3435.

IR, 2R AR5 . SA-APSO B Je 7R s 4 il v )
P8 TR PR P E PR SE (D). 7 LS HEL,2018,54(12):155-161.
ZEVR, T B DI . 25T TDOA R TS-PSO 1975 [ 43 1o 4t
Jrd 5 T8 HL 2% 8] 5E A7 U5 R (T]. v L R 240, 2019,39(6):
1834-1842.

WANG Z D, CROSSLEY P A, CORNICK K J, et al. Partial dis-
charge location in power transformers[J]. IEE Proceedings-Sci-
ence Measurement and Technology,2000,147(5):249-255.

LI X, WANG X H, YANG A J, et al. Partial discharge source lo-
calization in GIS based on image edge detection and support
vector machine[J]. IEEE Transactions on Power Delivery,2019,
34(4):1795-1802.

W AR — AT 45 . R T 2 AR AR R vh R OB 7R ELE
PR B FE[I]. b E L TR 241,2014,34(3):478-485.

[60]

[61]

[62]

[63]

[64]

ZHU M X, DENG J B, HE W L, et al. Localization of multiple
partial discharge sources in air-insulated substation using proba-
bility-based algorithm[J]. IEEE Transactions on Dielectrics and
Electrical Insulation,2017,24(1):157-166.

IORKYASE E T, TACHTATZIS C, LAZARIDIS, et al. Improv-
ing RF-based partial discharge localization via machine learning
ensemble method[J]. IEEE Transactions on Power Delivery,
2019,34(4):1478-1489.

JE T, B MR, e R T, A L T 2 2 N % 1 R R OB A
IR} S 5E A7 18 22 18 1E FEVL (D). v L K, 2018,44(11):3641-
3648.

BB M R A 5 . T RSSTHR S0 Ry o AU 0 508 58
RLVE[T]. w5 R HR 2018,44(6):2033-2039.

ZHOU N, LUO L G, CHEN J D, et al. Error correction method
based on multiple neural networks for UHF partial discharge lo-
calization[J]. IEEE Transactions on Dielectrics and Electrical In-

sulation,2017,24(6):3730-3738.



