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Fig.1 The structure of insulation fault models
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Fig.2 Schematic diagram of PD experiment
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Fig.3 UHF PD signals of the four
typical insulation defects
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Fig.4 Curves of CWT-EE decomposition scale
under different experimental voltages

&l 4 " LA 4 Fhibg T B9 UHF PD (55
Wit 5 43 i 2B B BE A, CWT-EE 15 52 B4 e K



B S T R -RE I RFIEXT 10 RF im 93m v OB B s ¥ 155

POERAS H IR i 2 R B 22 Rk, WE 4
(a) Fi7R, 76 N BBE T, R #GR , CWT-EE #ok, H
SHRIZECH 6 JZ I, CWT-EE JF 46 & T Fil, UHF
PD 55 A A5 BB i@ pr g &, R 4(b)
AT, FERCE L TR, CWT-EE /NS Akl 2k
SEAKHIR] o Bl HL P3G 0, 550 R 3 8 in 5, CWT-EE
AR 2 AR, S PR G K - K-
B - s, tE 4 (e) T, FE HL B /N
CWT-EE B/t 2503, B K8 0 F- 2%, ik
HUE R 11.6 kV B 250250k 1—6 2B R i3y
KI5 6 22 )5 CWT-EE T, 4687
HLEZ] 15.4 kV B, CWT-EE Fifi 43 )2 %8 K il 48
EIST L, HAESS 6—8 J2 CWT-EE 2 3 ) Z13%
K, IAE5 8 )25, CWT-EE g4k a Fiafn, mE 4
(d) AT %1, G BB T UHF PD {55 CWT-EE {1722 {k,
A LA R A, #0 S B D -  -
P K1 7 S I FLCR HE R X CWT-EE 43
AR
3.2 CWT SP-EE $EX#{E 5 7

CWT £ ]R3 i 1) By B 3% ¥ UHF PD {5
5 (R B B S AR R AT 40 . AN TR RUBE R 115
SO AR AL (55 B8 R AEAS [R AU 45 [ 1) 4y
fiio B4 POREREER] CWT-EE 22 B Ry 36 fin /3 i 2
Hor ok mfE B, vTAL EARR S RET A
(] S5 o3 LA % [] A e g 76 A ] ik i ¥ 9 UHF PD
G R AN R] , AH AR 2 i RUBE T R 0 25 (A7
TR . SC I CWT-EE (EHEF K 3 g
TR B O B RUBE, # dt SP-EE RfAIE Xf 2 4,
SP-EE FRAEXT R B T CWT B {5 2 A RS
o 5 SRR 3 41 SP-EE BRAE X RUE S A
B, Ho PrekiE B ok 3 A BE R R AE 7R
TRV RUBE T H B A5 R B, B oA SP-EE FEAiE
Xof 4 RUBE T RE R AUE o A

t & 5w, Rk G T R 3 4> CWT-EE
R/NBUEA ), Ho 7 ) RO AT . N 2850 FE T
CWT-EE 5 K 3 N il RO EE R 55 1.2.4 R
JE 5P 2RERIG EE TS 1.2.3 RO M S &
BEOMAGAESS 1.2.6 RUE ;G JhfE FEAARAE 1.2,
6 R, Sutlles, AR &R~ CWT-EE £ K11 3
Ao RS R - A RHE WA [ N P F G 2
BT RO RFIE M R B L E b . N BB G LA 87.
17% IR MAESS 1.2 .4 RJE; P BB LL 89%
MIRER A 7SS 1.2.3 RUE ;G BB L 82.17% 1
MERAARAESS 1.2.6 RUEE ;1 M ZEERBA T RO FRIE
() SN R4 85, LA 68% MR R /M AR 155 1.2.6

031 183 g8 7200
b4
g A152 T 160
0.2 %
= § g {120 ¥
o I
= : <
Foat 8 1 5
I i 55 &
g é ] # § {40
. % § a2
0.0 —s . % . 1y
1 2 3 4 5
IV IRIE
(a) NRRE
020r 199 x
* 1200
0.16 f \175
\A160 1160
=
= 0.12 1 =y
e 11208
93 = L] =
@ (0.08F # =3
o 80
]
0.04 [
27 40
0,00 L . . . A./T”
: 1 2 3 4 5 6
IR
(b) PHLRH
4160
4120
180 =
=
k.ﬁ]:g'
. 140
0
0.3 qoy 1200
AI81
% 1150
02} =
g X
i {1100 3

50
0.0 L L 4574 .10 L L 0
1 2 3 4 5 6 7
I3 g R
(d) GHRRf

B 5 SP-EE #H{ESHE

Fig.5 Numerical distributions map of SP-EE
R,

AR, AR BFE R B UHF PD {55 2 A R RUE
I e, CWT-EE B R/ NI o3 A IX 8] 98 Bt A ]
XFF N JEBREE, 7E26 2 4 M RUEE T CWT-EE J3Afi
DX 18] 5 B8 B R TFAESR 1 20 RO CWT-EE 734
X FERE . X T P BB, CWT-EE 73 A [X 8] 5E JE



156 & AH) ALK

TE55 1—3 RET 2B s, Hig g
Wb . M 288G T~ CWT-EE 73 Ai X[ 725 1.2
RPE AT AR5 6.7 RIE /T30 . G REFG
T CWT-EE J3 A7 IX[AIFESS 1.2 RE A FHAT %
TER 6 KRB P AL vE . RIS, AN [F Bkfs ~ UHF PD
{5914 RET CWT-EE J/MIATE] N SEBE T,
TE55 2 RUET CWT-EE AHXTACR P 2RERFE T , 7026
1 REETR CWT-EE AR M 2RERFETESS 6 FI% 7
RET CWT-EE MY R G JBREETES 6 RET
CWT-EE XK . M2, il #y5E SP-EE FREXT,
(7] ) £ P e A AR X 107 194 R AR AE , AT AT &L
FRAEA R LA TR E
3.3 ERPEEBPHA

FZHim AL (support vector machine, SVM ) J& 7
SLTE T T8 TE-F 70 22 78 # ( Vapnik-Chervonenkis,
VC) 4EFE 5 A1 45 ¥ XU RS £ /ME (structure risk mini-
mization, SRM) JF U LAt A pLgs 2~ > BE  iE FHTF
KA = AE AR LA O0 T A5 24 2 A (8] 9 By 5
[ SCHP R — X —" SVM X 4 Fof L7 e s
UHF PD {55 #17HH SE 842 10 JEA% R 4K (radial
basis function, RBF) /-8 SVM #J#% s %, RBF R %X
KR GEBINE ., FEAIL A A 2 foke B 1) 5 0E J22 v
200 HAEASEL G AT 25, 400 ZHAE AR A,
PONZE RN 2 Fros .

%2 UHF PDES5iRAI&ER
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N 95.00 89.75
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Pattern recognition of ultra-high frequency partial discharge by using scale

parameters-energy entropy characteristic pairs
LUO Sha', TIAN Yu', LI Binbin', HU Yong®, LI Qingmin’

(1. State Grid Anhui Electric Power Co., Ltd.,Hefei 230022, China;

2. Shanghai Global Technology Co.,Ltd.,Shanghai 201210, China;

3. North China Electric Power University, School of Electrical&Electronic Engineering, Beijing 102206, China)
Abstract ; Early insulation defects and hidden dangers in gas insulated switchgear ( GIS) can be found by partial discharge
(PD) detection of GIS, and then the insulation accidents can be prevented. In this paper, the complex wavelet transform
(CWT) is used to process the ultra-high frequency partial discharge (UHF PD) signal in GIS at different scales. The trend
curves of CWT energy entropy (CWT-EE) under different decomposition scales are analyzed, and it is found that the PD
feature information mainly distributed in the scales, in which the gradient of CWT-EE are big. Besides, The CWT-EE
characteristics and their scales are extracted to the structure characteristic pairs for PD type identification, which contained not
only the PD signals energy feature information, but also the wavelet scale information of UHF PD signals. Finally, the support
vector machine (SVM) method is used to classify four typical defects UHF PD signals in GIS. The recognition results show that
the characteristic pair can effectively identify four typical defects in GIS and obviously reduce the decomposition scales of UHF
PD and the feature dimension.

Keywords : partial discharge; ultra-high frequency; complex wavelet transform energy entropy; characteristic pairs; patte-

rn recognition
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