EIBEEYH
2013 £ 8 A

% 0 6 # & B

Electric Power Automation Equipment

Vol.33 No.8
Aug. 2013

— e TSI Ry L S B T ik

BooRl % AR R E
(mHXiE XY BATESR, Wil RA 610031)

WE. At AFA e T P2 FRENEFHRAZEFRARE TR BT AL THH G AIFHE
fE 5 Rk, BARRE A RE I LA T 650 L KGRI E R A E 88 Wiener 8 % |
* 23 R % IR IR 0945 5 BEAT N R T ek BRI S edE A 0y By R AR AT 5 ) 5 R R R BT AR I ik e Ik
BIE &k R R A RAT T RAA TR B it BRI h) - F AR AR T A E A B A T4

HE AP RR IR ATARAL T o0 ok BIE Ko oh k&

KB . B Y, UL, Wiener JBIK B, DIk B LR, &5, 542

hE SRS, TM 855 XEfARISAS . A

0 317

B R 7 ZR G AN W R | R S MR A
XoF Y U B 26 2 M RE BEOR tBOR By  JR T
TRCHRL 2 WV ol IR bR R DX SO W
K, A FEBEA GG, B I8 & N
AL A 4 SRy A R A S ARG | T EL B A A i
ZUB HLE Y0, SR R AR R AR i B A R v
X R ¥ TR A 5 A ARG 0 R BB AR R R
1 BIF S B IR P T R ) SR PR R AR B, e AR
HL e TR ) 24 G R W AT AR A R L

SRt B LS 5 4R IR EOR al 2 S Al Ji
R0 AR BELEL P RBEAL K oh 4L,
RGN BB AR RIS TG L ) 8 X
4 T T2l A S R e 5 % b S o DA M £
Y I i TP AR R AL 0 i e 2 A B
T 1A R T R R P S R A S T T Bk
T AN SO EA IR AR R AT L - P A A Al 0] Y
TR R B AR S AR P AR R

FI AT J= 30 L A5 32 O 7 AT /N R (i
FWERET HHT J736 0% AT R d O 5 5 1Y
b BEATRE IR B — & RRCR  (HE AR AEAS H AR
/N 22 53 B R AR RE R 15 5 A6 AN W) RO R 2R 4T
2203 WO AEL R /DN A F5 ) e o B ) JBORI B 2/

B .2012-02-15;fE HH.2013-05-10

HETB . BRAAMAFLALFTIHRB (51007074) ;4 F 3637
224 B A L H R B (NECT-08-0825) ; 3 7 46 F % &
FAHFFAA T 8RB (101060) ;w91 4 2 b FF K25 83
B (0720026-012) ; F & & 42 A AFHF 2k 4 % % 5% 4 5 81 3
B (SWJTU09ZT10)

Project supported by the National Natural Science Foundation of
China(51007074),Program for New Century Excellent Talents in
University of China(NECT-08-0825),Henry Fork Education Fund
of Ministry of Education(101060),Foundation for Distinguished
Young Scholars of Sichuan Province(0772Q026-012) and the
Fundamental Research Funds for the Central Universities

(SWJTU09ZT10)

DOI: 10.3969/j.issn.1006-6047.2013.08.016

W53 S22 B8 0 B R R AEAE [,y LAAS R PRk 5 FL 1 4
R . HHT J7 i n] L rdE 4tk AR FRmES
LA R Ry B am e (R R i 27 A AR A i
AEAE S s N AR AR TR S | HAS i Y SO &
AR

AR SCHR HORE S g SK (Spectral Kurtosis )2/}
D73 N B R ER AR 5 i SR Brh 3 0 B R T
Brge it e wh | 2 —> 4 B SRR S L RB IS T
A s B R RAEE S b AR E AR A AR S B
5 O HRBE A 2 SLAE AT R0 S AT
R AW SRR O S AE VU IR 2 R S iR 2
W, ANk R S B2 W)l R LB [ 12 T e ST A
BNz A IR TARGE GRS SO B R B
T U R AR LR T A I e P S D A, R )
AR T R AT IR, DA MR RS B D SR S LA
5 IR EAT 2~3 JR/NBCT I 20 DLk — 2D R R
AR SR AR A SR IBORS B2 38 o 47 LS5 20 BT 56 T
T ARSI L AT AT A A R
1 EEE
1.1 EIHENEX

U EE SR RS Y 4 B Rt MR — A2 Rk
& bR A e S R E A5 5 0 i I AR AR I O, Rt AN 3
Ao M PREE T AR A A I (R & Ay T A v AR
TN AR R Z AL Dwyer £ T35 B 77500

Z AR ARG 5 19 Wold-Cramer 73 , %€ X Y (¢)
FHAFES X ()R R GEma N, WY () AT LAZoR R0,

Y= | _eTH( )X () (1)
Horb JH (¢, ) 2 R GERIIN AL 1 385 pR R, mT gt B 15 5
Y ()TERR FAN A% FELPRREY H (G, f)
JeFEHLI AT 3RIR N H (2, jw) ,w 275 BB AS I 28 7
AIBEYLE &



% 8

BRI, A 0 T 0 R 1Y ) R AR S BRI Oy R @

Sou (¢, ) 4 2n BRI 2 A 245 i 1Y) B 2
TEH
San(t f)=Et ‘H(t,f)dX(f) ‘”‘w%/df:‘[-](t,f) ‘ZHSM (2)
SN = o 11 W 4 e e
_Cy(f) _Suw(f)
MO=g =g 2
C4Y(f) :Sw(f) —ngy(f) (3)
1.2 EIEE SR
TEI AR ZER T ARSCEEZH LT 24
P,
PER 1 — AR FRGE R Y () BRI A .
Ky(f)=-1 f#0 4)
B b — A4l AR S I R Y () RO TEIN A 0,
T2 — DR AEFRBEILE R Z(0) =Y (1) +
N@) ,N@)ZRWMPAESES E5 Y @) MBS,
N(t) UG A
_ Ky(f)
&u»ﬁq%§7f¥o (5)
Ho p(f)=Sw(f) /Suw(f), NMEAE L, RAE(5) AT
DI p (f) A 30 B (B 42250 1 0, 1 p (f)
JIN T AR LA T Ky (), R A A B ek i 17
2% AT LA 3 U R B R B A

2 ETEIEENEBBEEXREX

AR SCHRYE SR LA 5 O RRAIE | £ — 335
Wi B 7 R B T AT S R IO B A O A
S SR I S R R PO AR BT U B AR S AR A
TR BT F A5 N A 38 Wiener U8 A%, B IEFT /N
A PRI R AR
2.1 fEitigIEE

R Al 155 0 B ) A S A SR P R R L o I
(STFT) i 75 125 52 B B2 3 1 A 11080 an =X (6) s

Yu’(u’f): izic Y(m)w(u—m)e‘j“mf (6)

Hrp Y (m) B —DFEVLEFE jw (m) R T PR AL, HK
FEH N,
7E XL Y, (u,f)H 2n B i A

Su(F) = Yuuf) 12, (7)
R (Y, R BRIt 4RSI 1R
2 W T STRET M35 I B (A THE

k(=33 2 | fomod(1/2) >N (8)
$3(/)
22 BERRREERESRT
Wiener U8 % #5321 5., PERE L ER | (H 2 H S 4L
SEF A, SRR 2 f g
e R REAT SE 00 IR (A SRR 3 0

SERGE XSGR | BB B AR BERT R AR R A
1 FH Wiener JE 3 7 5 AN BE L B & L IE D . Wiener
U8 I A% N R R,

_ 1
W) _W 9)

FRAE 1.2 755 H A0 3 0 B 1 3T 2, Wiener 98 3 4% 1T

VA3 35 SR R L A5 5 B4 i g 5 ke Sz 8t | B

W=y Rl (10)
Hor kSRS, HAR BT DL R — A s/
PEAC A (10), ¥ Wiener U8 I 45 , Ff & 2K
SEAR R (e 8 I 2 U R S AR N i A S i A (RT
F MATLAB A 7 9 Ui B A2 3 SR B0 ) 59 d5e KM, AT
e S B kS,

JR TR 5 R 8 A 30T R T — & A R
AR IESZAG 53R TR BENL T T B VR 2 s
FEAE 1.2 1 v i 3 e B 1, BRI b 78 A R
BTN B E N — 1 SRR BEAL 4 35 0 S 0, [H
ST STFT J7 ik Ak vh b 0 15 i BE (B A 2 B B
-1 34 o, MR TTIMERs), RRHEX (10)%
Tt R (A8 I 5 2 & HE ATl i s R e AR SR
B o ok PR ik e B B E AR HE SEBR N o T
wE N,

0 =10% Ky (f ) (11)

P Ry () o IS S0 BE (0 SR 500 /N T
BIAE o AT LATA A 2 75 45 JEL 301 410 0 11 e A5 S A
BEVF U D PSR B R L ARy B
I U 8 A 5 4 B IR B 1 3 T I D 5 R
TR 1355 1 512 0 0 S R 0 A T e DI D
23 INEEEEER

2o ot UE U 3 T (5 ST SR A7 AE 15 R 3 i ol A R
T S 30T (M 5 £ 5, U — 253 5 23 J2 A/
W PP M 8T L 8 Sy A 14 ) S e
==

2% S 38 5 R R L A5 D S DG R 1 b8
NP HEAT A2 % 2t 3 Y A Wiener 7 i JE
W B TR 1R RO B AT 23 J2 /NI AR SR TG
100 9K 5 3 2 1 1 105 3 T o 30 i ol £ 5 2 B
ok

g 1 TR A SR A R T U 4 SR S e A
BARBUE A E B 1 FTR,

3 fRERIE

SCBREL B T R AR B R R R S 4
W R IR B R 7 2 R e B S A
HAT LR LAR 2 B A iR R 6 7R JRy i FL 15 5
H B 209



(6] 2 0 8 & LK

8335

EL RGeS

H4E STFT fiiit
TEUEEE K (f)

W) =\ RALL (kB i

- T
WA et
Wt (55

Y
i BN 5 5
| 2~3 J2 0/ T W U b |
BRI

B EERE
Fig.1 Principle of algorithm

FRRHCE IR AL (K 2(a))

Yi(t)=A,e""sin(2 TTf, 1) (12)
XA BOE AR 7 (K 2(b))
Yy(1)=A, (e =—e3 " )sin(2 T fit) (13)

Hob A Ay AR SRR 7, 10 1y WIRIR B, R

=
<
@ 0
=
-1 . . . .
0 50 100 150 200
(a) AR BOE AR5
0.6

i /mV
=)

i

0 SIO l(I)O 15I0 2(I)O
(b) MHRHOE IR
E2 2MEHMHBERFS
Fig.2 Two kinds of partial discharge signals

TEfi Erb f, # O 1 MHz, 7,7, 75 23520 2 ps
2 ws 4 ps, A A, BN 1 mV RS R 10 MHe,
3.1 M FRBENES

SRS HLIGE A AT T e R AL B AR R R
55 W 3(a), A I ({51 H-2.029 0 dB) J&
O fE 5 W 3(b) Fs

AR SCHE T STFT J7 34 5K BUE W A5 5 1 35 0 22
R PR X 6 2 A A 7 PR RSO A E IO AR 0 T, 7 PR KK
F 28 B (DU 9B T A ) X 3 i R B A T {E R

T

fH/mV
=

&

0 400 800 1200 1600
RPE
(a) BHAEJR B AL 15 5

TEAE / mV

0 200 800 1200 1600

(b) W Jay ik LA 5

E3 BEHHMEHEES

Fig.3 Simulateive partial discharge signals
M) A8 A 5 {EL T B K0 288 R0 7 I T R 10 B X SR
JBCHS R A 3 BE S0 LUK IX 2 R STFT AR 5 bk
SE 1, 7 R AR AN BB PR AIE I [R] 73 98 67 R BOK K
ANRERUES A I3 A< | I BEAE IR 1) 23 B A< R 3 93 B
RZAYr P AL B B LAAS SO 18 2 R B R A 5 A
Ef HARARAE | S HE ) B pR B S BN DU T, 7 eRi
BORE R A% B — B A, WIS B R R S 4
25,4585 125 , 2RI W Jog T30 HL A3 Y 8 2 1 £
SV 4 R

0 1 2 3 4 5
4% / MHz
(a) N,=25

i g

0 1 2 3 4 5
452K / MHz
(b) N,=45

i
~

0 1 2 3 4 5
AR / MHz
(¢) N,=85

i g

3 4 5
4% / MHz
(d) N,=125

0 1 2

B4 AEERBKENILHEE
Fig.4 Spectral kurtosis for different window
function lengths



% 8

BRI, A 0 T 0 R 1Y ) R AR S BRI Oy R @

T BREC N 25 B U BE TR BRI
PR N 125 B 35 U 5 000 3 43 H Rk B ok (H
PSR Z M )y T BRBCK Sl 45 FT 85 BT
ARy BE AR IR BN LR A B RS A A
X 25 e SR ik L A 5, BEUHT PRBICIC Bl 45~ 85,
AR SRR PRBC SR I B B RE 3h 1 R
S RRECC S Ry 55 SR TS FE Qi 5 s,

U
ENES

0 1 2 3 4 5
Hi# / MHz
5 EIEE (BREKENR SS)
Fig.5 Spectral kurtosis(window
function length is 55)

PR Je 350 5 HLAT o A 1 i R AR SR R LA
SR T ELIA B RS S B LS 0, A
AR T LA 368 ok 358 P 175 - R P 1 35 U 8 /N ok
BB P A

5 (10) L (11) AT LA Wiener S 647 38 38
Ve, Gk il kAR 5 A5 5 0 O de R i i
5 4 D B AR K, DT AT A R 0 3 i A
El 6 Frn i8IS s ik 7 s,

1.0
=
Z 05
£
0
1 2 3 4 5
$5i 3% / MHz

B 6 BIER Wiener it il 25
Fig.6 Designed adaptive Wiener filter

0 4(;0 8(;0 1‘200 16‘00
B 7 BKENES

Fig.7 Signal after filtering
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Partial discharge signals extraction based on spectral kurtosis

CHEN Gang,LIU Zhigang,ZHANG Qiaoge
(School of Electric Engineering,Southwest Jiaotong University , Chengdu 610031, China)

Abstract: To remove the smooth random interferences and narrow-band periodic interferences in partial

discharge signals,a method of partial discharge signal extraction based on spectral kurtosis is proposed. The

spectral kurtosis of partial discharge signals containing noises is calculated and the corresponding adaptive

band-pass Wiener filter is designed,by which,the narrow-band periodic interferences and white noises are

filtered from the partial discharge signals. The wavelet smooth denoising is then carried out to extract the

more accurate partial discharge signals. Test results show that,compared with the wavelet threshold

denoising method,the proposed method,with superior performance indexes,suppresses the smooth random

interferences and narrow-band period interferences much better.

Key words: partial discharge; spectral kurtosis; Wiener filter; wavelet threshold denoising; noise; signal

processing
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