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Multi-source partial discharge detection method based on pulse current
method and ultraviolet pulse method

SU Zhixiong', SUN Kang', DING Hao?, ZHANG Zhousheng'

(1. College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. State Grid Yancheng Dafeng District Power Supply Company, Yancheng 224100, China)

Abstract: In this paper, a multi-source partial discharge diagnosis method based on joint detection of pulse current method
and ultraviolet pulse method was presented. A multi-source partial discharge experimental platform of switchgear was
constructed for four basic defect models. The characteristics of partial discharge information obtained by joint detection
were extracted and a database was constructed, and then the discharge types were identified by k-nearest neighbor (KNN)
algorithm and directed acyclic graph SVMs (DAG-SVMs) algorithm. The results show that the change of discharge number
and discharge quantity in discharge pattern measured by pulse current method are related to the defect type in model. The
existence of void and surface defects will increase the discharge quantity and pattern symmetry, and the existence of corona
defect will increase the discharge number. The discharge pulse number measured by ultraviolet pulse method is related to the
defect number in multisource discharge model and the ratio of ultraviolet to visible light. The higher the number of defects

and the ratio of ultraviolet to visible light, the larger the discharge pulse number. The recognition accuracy of the KNN

algorithm can reach up to 99.67%.

Key words: switchgear; multi-source discharge; KNN; DAG-SVMs; pulse current method; ultraviolet pulse method
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Fig.1 Multi-source partial discharge experiment platform
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Fig.2 Diagram of multi-source partial discharge platform
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Fig.3 Schematic diagram of basic defect models
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Fig.4 Change of discharge number with voltage under

different defects
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Fig.5 PRPS spectra of single-source partial discharge
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Fig.6 PRPS spectra of multi-source discharge
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Fig.8 Radar maps in multi-source partial discharge
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216 A BB R A RS R E DL G, R — ] At
AR o B TR B A T - B R B B
e o A1 R 52 I o 22 8] PR AR A 17 B A — 4 2 () F) 4%
SOAFAE R 0 5 2 X A, FLAt OB SR A (1 RR AL 17 B A
T A] R B BB ST, A ) B AE 4R AR
WA ARGS B 73 RE AT -

2.0,

151
1.01
0.51 \

0 \. ‘

T2

-0.57

O G i >
o1
10 $HEEEN 45 E

Fig.10 Two dimensional distribution diagram of vectors

TEARSCSEI 50T AN EUE B A 55 FE
FEL A WA 558 22 88 T30 H A U 5 S B | 22 YRR SRR
R ) B — s VR o 38 3 ik i e 37T R 48 4 ik
TR AE B Rl B 5 T R SRR AE 16 2 R, 2K
WA G BAT RUF IR R AL B8 1R & 23 MR RE T
3.3 ZiRMEBEFHEREENE

Xof AN 7] Gl o TS PR 2 B 5 SURE A AR 45, % TR 2R
RUREARKCE SN 100, 257 0 R A 304 B 3R 1
Fim

®1 EEEHERIERE
Tab.1 Partial discharge feature library

Pt FEAKH FEARTR
R 100 1
W 100 2
B 100 3
HL 100 4
AL 100 5
I - L 100 6
ABR-BTF 100 7
ATy SeE2 100 8
AR 100 9
W -2 - 100 10

4 HTF KNN F DAG-SVMs HEEZHZiRE
AR AR IR 7
4.1 KNNHMDAG-SVMs BEARSH#IEE
i F k-1 4% (k-nearest neighbor, KNND £ 7% Fll
A 17 6 3 B 32 FF 1A & AL (directed acyclic graph
SVMs, DAG-SVMs) 520t 22 Y5 s H 2 0 i3k A7 A =X
T2t fhk e L 9 92 R A ko B B A



WEEARL 2024,57(1)

T G MERS « JE T M R RIS SR ) 2 Y8R B RS T ik 107

TEAEL il A 10 A 20 R0 A B 34T 36 00E . 1 A Py-
thon 2.7 4 FE IR I XS P Fh BIE T2 4T -

KNN HE U SR R 4L I LB 7:3. KA
CRLELVEAE RREAR 43 2875 v, B P R BR AR
5, Bk EE N3,

DAG-SVMs H %Il Zh e 56 11E £ AR 42 (1) Eb
N6 1130 43228 45440 ST AT 10 ANy
UL R, 5E R IRy R TR 9 AN A . il Platt
SMO Sy ARG SR A, 38 A% ) 22 o B0 R % o
BLESEUE CH oy 1101,

42 FPMERER SRR

PR R B I B 2B AT 45 RN ER 2 B, R H
ik e LI 9 A BB 2R R TR, B TR A R R
B H T 100%; 76 2 Y5 &4 T, KNN 5 3% Al
DAG-SVMs 52 1) 15 51 #E 7 8 43 51 4 91.33% Al
85.00%. Gl NK Ak )G, £ 2 HIRHEEH T,
A i B AR S HE 2R R 99.67% F199.00% » 43 ]
P T 8.34% 1 14.00%. Ut B 51 N ARk ihik )5
T R AR Rl T B, X 22 R0 TR B R 45 B

TR

R2 MMERERIELLR

Tab.2 Comparison of accuracy between two algorithms

FRLYFT E2LV/ G
A SRR AL 2/% SRR BIER /% -A7R i)
H.—PCM Hi—PCM PCM 11 UPM Bt & 6 31 IR 8]/ TEAT I 8] /ms
KNN 100.00 91.33 99.67 — 66.16
DAG-SVMs 99.00 85.00 99.00 47 530.00

TE MR R AT 5 R0 4 R R 858 Hp , o 7 b SRV 1)
BT T e BT, Horh KNN SR A TR 2
17 I 45, AR IE 47 B 18] 24 66.16 ms, DAG-SVMs 5
EBIN RIS 18] 47 s, DARIE 17 18] 4 530 ms.

o R ol BV A M AT DA . OB IR 40
ANBEA )RR AE AR 3R AT 18 o I ok b B, SR 5 25 7 3t
FTEVE R . Hodr , KNN B35 R AR AR A
$N 9, DAG-SVMs S iR AAS R I FEAR BN 0.
B DAG-SVMs 51 1 8 4 M AL T KNN B3, T %
SEBR TAE RS i B 15 00, v] DA S P PR3
) DAG-SVMs i HE 4T 43 22U

i 25 % BV 0 B 8] 52 4% 5 RN 2 () 52 4 A
K O ek 3 AT X EL A3 HT 2 n NN FEAR S d
FEAEHL, s R SCHRe A & B, b N FEARFI AL ko
KNN H LI A0 H . Sk 5 24 B 43 #t i %
3Fn. MEIATLLE W, 2RI 8] B 24 FE /N B K
HEFFE 23 i 9 KNN S | — 532 4 1] 5 57 . DAG-
SVMs 5y, TN 1] 52 2% B M /IS 21K HE 7 533l
KNN 57 \DAG-SVMs By . —H P R 7 5k,
1B AT 2 B A% FE /N B R HEFF 43 00 o — 38 48 [
955 . DAG-SVMs 9% . KNN 52,

KINN 535 1 B 18] 52 2% B I, 508 FE Rk, (5
IR R R . JE Rk = O Sk AT Sk, T BA

xR3 BAEERESH
Tab.3 Algorithmic complexity analysis
/UL T = A O L1 = S e rnd T =

RAPRIES e . e
KNN o) O((n+k)xd) O(nxd)
DAG-SVMs ob*»n’) O(bxsxd) O(b*xs)
—1fi logistic [7] )1 O((dxn)) O(d) o(d)

B 5 1 O(n) B 24 1 B £ O(log(n)) » 3t — 25 J /b B
LRI E . DAG-SVMs 515 [ i 8] 5 4% B A 2% [a)
5k AR JE T R IR K, B ASHIE 7T A i BE A
U E e, E SR E R S A B AR AR
AR TR B ] 4 o
43 BXNHAEIR

FH #6000 48 40 Bk v /1) EPD-01 3= HLCARM 22440
LA i F R N ) ) BE R, 2 A R T DG AE FEL SR
A2 I S, e I e b A A B A H R R AR, W]
AR 488 A ST 77 325 [R] B 52 Bk v B 70 R 48 4 ik ol
5 R (5 5 R A R, 2 7 38 vk AT R R
DAG-SVMs 53270 548 WAL & 17 S8 B re 2801
WA SR AT DLEAT 2 IR, e 2 T B
PR BRI o R AR B K LR R
B R, AT DA EEAS A R ok v R ¥ (BRI S 4EARRAIE
) &) HEAT KNN BRI, 2R N By A 3
1 R S A R

X SR EAT & B 0, AT DL AR iR N R &
(ARM+FPGA ZE 44 ) w1 H 40 B A 501 25 28 i 1
FEAE W) BN 7E RAM b, @ it LTU 4511 5 ook
AT VTSR Bt A L () R 500 48 SR8, T AR K 448 4 T
KA SR BT I W AR -

5 %518

L4 ARG IE R T 2R T G,
25 B Ik o R AT I M AR DN SR 3 25 5 B 0% bR T 7
M50 2 PSR AT A AR A D R TR R A Y i
25 R FL R M TN i I — R A U v, AR B
A48

CID kst FL ALV R 5K A K b i 32 AT 28 1) R



108 Ti R HESE ¢ T R R RN ER S 1) 22 U8R BSR4 W ik

iRl 2024,57(1)

JBCHRARRAE , 72 TR IS B v B A AN F I B . ik
T L V2 0T B YRR ) 43 e 7 5 T X 22 U TR
(1) 53 HERE J1E 55 , SR AN Rt 2 Y5 A B 1Y
I3 HERE D1 AN BEAE 250 VR R, R R A R
GRS/ RER N ==y GERTT ]

(2)5%F 10 s H 6 b % 2K 2 100 ZH ¥4, Jd ik
F2 53 o BT A B 45 A REAE R 1 DTk S HE 44 R L
W56 — BB Z DUBR R IR AR AR 4R T T T AL
N NP 1H BRI A R 4E IS IR AR AE — 41 1
AR BRI

(3) % Fl KNN Fll DAG-SVMs 53 #E 4T 73 2517
il s SRR A HE T 26 53 ) 0 99.67% F1199.00% , & &
& PR T 10 2, MRS AT B 1E] 43 5310 66.16 ms
H1530 ms. =L BRAE A 78 B8 FEFE AR 2 H B
LT AREA LD O EAR TAE RS 4E L, o 1 4R
4y 50T DU KNN 59, 42354 5 R H DAG-
SVMs & .

S HR:

(1] 2750, 0 0 55 | A Ja Fs A I B ARG VLT,
T LR R ,2015,41(8):2583-2601.

(2] FRBEE, 1 SRR R, A5 . T Mokt v YA B0 v Hs DA R 8T
LR 2R I3 B D). "0 ) RGO 5 4% 11,2019,47(9):145-149.

[3] RSB, 25 0 A5 L A A ) 3 A 2GR F A 2
IR[J]. 7 H R R ,2017,43(7):2263-2277.

[4] Vi Bl 2 4, W RO A5 N TR B AE Jd 0 T8 v A T v £ 2 P
O IRAS VA [T]. 28 2661 81,2021,54(7):10-24.

[5] MA H, CHAN J C, SAHA T K, et al. Pattern recognition tech-
niques and their applications for automatic classification of artifi-
cial partial discharge sources[J]. IEEE Transactions on Dielectrics
and Electrical Insulation,2013,20(2):468-478.

[6] “EHL AT T AL T LDA FI RBF #0122 [0 45 1) FF AR =) 5
AL T IR FE )], B I R 2021,44(14):148-152.

(7] BRIKHI,VF AT, 28, 55 . 5 T I 3000 B 5 20 TR BEAR 1 GIS J& 3
T HE A 3R R AE 32 BT VR (0], L R 2021, 47(1):
287-295.

(8] GKIL A AKAM . EIE L5 B35 A 00 2% A1 45 A 1O Jm) 2 T8 A R
HIJTE]. P AL T RE 2% 9,2021,41(18):6472-6481.

[9] SURESH D. Feature extraction for multi source partial discharge
pattern recognition[C]//2005 Annual IEEE India Conference.
Chennai, India:IEEE,2005.

[10] JANANI H, KORDI B, JOZANI M J. Classification of simulta-
neous multiple partial discharge sources based on probabilistic
interpretation using a two-step logistic regression algorithm[J].
IEEE Transactions on Dielectrics and Electrical Insulation,2017,
24(1):54-65.

(1] XUZE R 77 A 3k T IG5 A AUnd A A 10 22 Y ) 38 L v
155 EITEDT L] BT 1R, 2021,44(17):101-104.

[12] R/ 5R I 5 T4 By 73 2 - 300 J7 1 4 A e o0 0 D 5% 1) J 7

TR B 1 5 5 2 DR F R (0], b [ AL DR A 4R,2021,41
(14):5044-5053.

[13] B, 258 B8 E 2 T ki i /9 10k V T SRAE J&) 5
P D002 B PR E R[], 1l 76 FE 7,2020(3):23-26.

[14] S0P, B AEE, &5 7 R IE Ja) 30 50 H 5 B D7 9 1
FL[T]. HL AR 244],1990,8(3):51-55.

[15] CHANG W Y, YANG H T. Partial discharge pattern recognition
of molded type transformers using self organizing map[C]//2006
IEEE 8th International Conference on Properties & applications
of Dielectric Materials. Bali, Indonesia:IEEE,2007.

[16] AR . T35 kV i I SGHE 10 255 R 30U W B R [T,
BEREMEHEEAR,2019(21):48-51.

[17] s ydhade . S 7Y )= 38 0 e WOl R 07 B0 5 ke 5 5 23 i [D). E
i LA @R ,2019.

[18] B RMG, T 2 W, TT B, 55 . SF, S A 4 G5 T 5% U 4% P A 4 B e s
A JR0 8 HRL R S AR A2 W D i 0], R 54 3%,2017,54
(8):114-122.

[19] Ik, M b, 0 1, 55 . I 4 246 25 Rk P 8 BT Jd 0 T8 P 4
BERIREA[T]. 4244 K1,2015,48(12):6-11.

[20]  EAFTE DLAEAR KM . F 3 T G AR v 2 i v 1R 58 AN IR TR A 2
K FEI]. H LR ,2020(14):67-70.

[21] ZHOU J, REN M, HUANG W G, et al. Partial discharge multi-
spectral detection in air with a SiPM-based sensor[C]//2018 12th
International Conference on the Properties and Applications of
Dielectric Materials. Xi'an, China:IEEE,2018.

[22] (R U, ) R A A A B KNIN BV 1 P f 22 4 R R
RG] LA E HK,2020,29(2):51-56.

[23] BT Ry e R B P DG I R 2R BT A S SE LD,
JRCHR: H TR R 52,2020

[24] TR RICIH, AR . HET DAG-SVMS [ FE A 2 617 1 51
IR PR N ,2021,47(10):107-112.

[25] T, o5 e, RIS 0T A T K A R A R ARSI T S AR
Je 8 T H SR TR A YR (D). R R R 4R, 2022,48(11):4527-
4539.

[26] VIEIRA J, DUARTE R P, NETO H C. KNN-STUFF: KNN
streaming unit for fpgas[J]. IEEE Access, 2019, 7: 170864-
170877.

271w/ JE SO0 B KGR . — Al S B RN SURRAIE 18 5 500k ST
PRI 5 R 224 CH AR A0, 2022,50(2):153-159.

[28] MALILJ, XU D, LI H, et al. Implementing a SoC-FPGA based ac-
celeration system for on-board SVM training for robotic transtib-
ial prostheses[C]//2018 IEEE International Conference on Real-
time Computing and Robotics. Kandima, Maldives:IEEE,2018.

[29]  FALETVEFE, 445,55 GIS BRI Ja) s ik ri 1 75 Ik 0 37 A6 )
AN [I]. 16 E £7,2015,39(10):5-8,14.

r#m HER:2023-02-08 ; f& B HH#A: 2023-03-23.
VEBREN: 5 EH(1998-), F (k) T HRSLA L B4, 2 &
M By SR o 8 FE A L R AL AT A BB
SR RE(1969-) , B (L k), #b B A, #IK, THMF L A
EAERE KM G BT W 8 DR EA L R R s s
VI JEUE SN R P o





