$38% FH20M
2010410 H 16 [

N EREY D EH

Power System Protection and Control

Vol.38 No.20
Oct. 16,2010

E T U o I E MR R N T RS2 T

X m, B AL 2 !
(1.2 a A T424, #d 2hFE 422000; 2. M RKFRAb5EEIRFR, A K 410082)

WE: R8T —FFsidtia ittt (IDE) 5k £ R @554V 2 M 4 (BP) A8 4 669 TR BHIE 5B 7 ik, /BT MR
AR S H B RRE R, A RAABE N AT A6 T4, 1 IDE AR RSB ERS, AT LA
RAAE. I F A BOUSLIRE L BP AV P AR A BBk IR . B AN BB ME S H S, R T AR E ke IRk
AME, Wiz FE R TR BB, SFE AT k6 TR B SR AT oA, b7 A4 R RN Sk A ISk b
ST, EAEEZNRE.

KRR Mpdtil; AVER%; B ARRE; AEN; R E

Fault diagnosis of power transformer based on improved differential evolution-neural network
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Abstract: The proposed model combining improved differential evolution(IDE) algorithm with BP algorithm is applied to fault
diagnosis of power transformer. IDE algorithm adopts adaptive control parameters according to swarms’distribution condition and
dynamic monitoring changes in population fitness variance. It has a strong global searching capability and can quickly find the global
optimal point. The algorithm can effectively overcome defects of conventional BP algorithm, such as the slow convergence of weight
and threshold and easy to fall local minimum value. And it uses the advantages of two kinds of algorithms. It is applied in power
transformer fault diagnosis. Compared with other algorithms, simulation results show that the proposed method possesses the
advantages of fast convergence performance, good robustness and high classification accuracy.

Key words: differential evolution; neural network; power transformer; adaptive; chaos search

GRS TM711 SCERARIRAG: A WHEHT:  1674-3415(2010)20-0106-04

#Rainer StornfllKenneth Price H (R4 7 HEA4 By

0 315 (Differential Evolution, DE) 2 —F{sr$ gt 14>

)RR e ) KRG EE &, Hag Rt
W0 L R e A v FEISAT AR K. s
fift AR5 M1 (Dissolved Gas Analysis, DGA)F A H
HIX VR AR AR AT B i Wi i . RO TFB
2, EREMIRAEM . nAEHL R ILE D A v AR
PR, Bk ks ki RS, BT,
H,. CH,. C,H,. C,H, flC,H, TL R K25
FRE R S WS AR VIR, il i s
AR St P TR R IR SRR R B B R R
SRR H FE ) 78 s s A A7 A PR AR e

T AP SR AR He 2% W12 Wi A8 Y B T AN 2D 3
Reis W v, W N TP S L,
LR AGPE, CAIEAR Ik g s Wrid FE A
B BARPLE T, N LM NS AE A ISIGH
Bt S i BB AR 2 B N ey B B 55 S B
i) @, IR LGSR ) {5 H R TR S . 1995

JAALSE, EETF 2 S R IR T A
18 AR K L. PSOSVE . GARLVETERE.
DESVEAEJEE 28 Bl MM SHO Sk, IR
37N ﬁ?&kﬁ%ﬁﬂiﬂ%ﬁ%@ﬁﬁﬁx%? RSOV

SO CS3E 23 E AP A 28 X 29 ST AT
AR IR Ay B2 W, I 3 FHIDE X BP# 45 1 4%
(PR RN B BEA T AL o

1 BPEL

BP [ £ ) B 1 N 2 o ) 2 A L 2
Jlo BPRLESF S RE R Gy PR IE AR AN S fi
oo MIERARIER, 5NN RLE R IC R
Jatk ki Z . WERAER RS AN B B
W N S i A4, 38 B At S P22 ST I RUAEL AT
(1 P RRANWTIRAR, BRI BT 2R



X, A

BT OSBRI 3 BEAG O AR 28 19 £8% (1 HL T A% Hs 2 R 12 T - 107 -

BN SR AT M AT A R N 1]
X = (X, X, X, ) s BT S AN L MR
SRR Z = (2,2, 2.} » MR S B R
WA o, B4 BT B 0, :

M
Z,=fQ X —6) (1
i=l

Kb i=1,2M; =125

BT Z A N AN, R B e
Y={1.Y,, Y}, RERERTENBE Y, ,
R oTH B y, . W

Yt:f(ivﬁZj—;/t) (2)
K =12, N, f(*) NSigmoidifea%, K
S = e

1+e”

2 WoHEEREMEHE
2.1 EARDEH %

2.1.1 Witk

DESLIE & — i s £ g ) (1) 55 T~ Fpore AL R AR
EE, R EAT R RS R i k.
'EHPSOJ R LT AT [ — ), BEPSOJs ik
AL AL, R AL R TE N — SRR, L
BB EPSOFE L A 4 &

WIAERIRE A2 B 25 78 1 TL 20 R A A
HHBENLE RS, TN SECE R A N, — K
oA KRB 4 B, WD
X, =(x,, %, ,,0x,,) » n RIS YER, WG
FIBEs = (X, X, X, ) X, e R MRS . —
AT X, ISR (3) 2L,

X =X e AN ¥ (X, 0 =X ) (3)
R 2,0 1 s X AR X, (05
AN EECLACR AN LR B
212 &5

DE 5 HA A Ak 58025 1 3 2 DOl 3 778 5 7 e
DEAZ I, XT28 k AR AT HE P BEA LG IG5 24
HAMARA RN BB AR AR L, 8 M, 42
sea e AR Ay, B

Vijg = xf],j +ﬂ(xf2,/ _xfs,/) 4
KHf: n,n,ne {1,2,, N} Hri#rm##r+#i, FJTUADE
FhBE £ U 0K T80 TAA R 2 2k . R
B<UNFEGI IS4, X F0R] BRI 2 31 5))
FEAEET AN J7 AT BLIRAG — AN FAT IR e Sl

JEIR B IE R R .
2,13 &X

S H A T RS om &2 1 26
Mo A TR R RAF R T A, 5 1T MA
x| BT IRAS, SRS, PR R MR RE MA 2,
I

v, randb(j) < CREEjZ(]j

Arfe i=12N,: j=L2n: g, &M (Ln) T
BEALIEEU) A EEL, (RAIE 2, B0 oy, PEES—A
Iy randb(j) & NS YR REBEN LB
HIZH, X T C e (0,1) NEESE, efh T
AR A AR T U R
2.1.4 HERE

DE ) i A5 5 0 A8 SR B s Ak 2, ok
ATIE N E TR, R VPO bR 25U (01 DRI B A
BOFTANA,  H

(5

Kz fz)< f(x)
X, :{xf, o (6)
DE 835 AN EHIZE: g, CHIN, . 23
BRIC, 5T 2R IR () P Rk e S
B, N, — R RS 4E K
2.2 DEERHIn#H
2218 IS H N2 JR #
TEREDESR LT, 28 B F C MR R 5
W& REMAR Ko 24 BB/, AT RE S Syt i
S BRI, Y BIKET, AIRE S EEE IS R
oo [RIRE, XFARAXHFME, C BAMESFIELE
ARG P R AR D, e HE A R R
AE 15 T C BRI, 1SR HEAS BRI AR RS
TR TRk Rse th. T RIA AR, ASoxt
EHIZSH A C R T BEN RS, B

A
ﬁ:ﬂmin-‘r(ﬂmax_ﬂmin)i (7)
A
CR = CRmin +(CRmax _CRmin)T (8)

K B~ B T HUEIEHISEL L1 I KAE R 5
IMEs Crne > Conn 9IRS XIREL C, B RABL N
BOME; A~ ARl RIE AR 2 i %
(M/¢ @
2.2.2 VRV R A
MDEMBHERE e RS, &N ES
(A, T 2 [0 S M S S A P R BE T,
ST AE AR T BE S R R FAAR o o] b B 2



-108 - HEREP D EH

BESRAME, FHA YT ES T, AR
B REEI—A T, RS A
WPE BEHLE RS A, ATRVEAL BTV
]z TR ) . AR SCR PP b AR 2y
AL, 6 SR R I B () AR TR DR A L 2
Ptk AR, VR EE B ks o [ A A AR i
HIEE G IR Rk, AR SR R AR B TR
PR R I AR R R

Logisticlth & — NN B |72 87 TR
P51, B

X, =px,(1-x,)  xe(0,1) (9

A, w A RE, HAUE B WU SO .
W =4 H x € (0,1) , I IEAR ] A2 e — M e BT vl
BRIPHN X, X0, X, o B PIEAE 5 51N
x =0, 01H1 x”=0. 02 IR I B Ik

! 9%
08 LA
,ﬁ 0.6 g
B Qg
204 i Lk
= PRy
02 N
.:D V&S } B
0 mﬁ oo T g™
0 5 10 15 20
AR

Bl Logisticii¥ & %t 4840 M s B EITE
Fig.1 Motion locus of two neighboring points
in Logistic chaotic system

3 IDE-BPEXHISEIN

M (D) Q) AT 4H, BPAIZ M 2% ) i H 45 5
SZARUEAT AR S LE RO . SR, S8R Y H AR
TS 5 A IE IBUE A B . T ek ik o L
LA AR Rk, ASCH Sodk
Iy HEAL SRR AL BP A 25 X 45 B AN A1, A6 4
NI TR ZE GENEERED B F /N

1 M N -
d:MZZ(yi,j_yi,j) (10>

by, WS RSEERA ARy, A P2 BEAR
HrHE

K2 G IDEA AL BP A [ 2% i 3o F
R

(1) RN F A T WIUGE AR R, BRI
BUEFNEME; BCEFBERBI N, , S5 p R C, ik
TR IR IKEL A, -

(2) 4% (7)) W BRI C, [ FT{H,
HEX PR R M (4 R (5 JEATAR
SERIAE X AEAE, THEMARRE N B 4% (6) HHT
LR E R TP A A

» HRAOD IR

(3) AW A PR B O, X B
BIIAAE LU I REA I RE P 250 (9) BEAT IR
S, RANEMAEER, Il SR R

(4) WA AL L2, I Y S e FRIA
EHAMEE; SUBEEDER (2)

| BB A IR B |

XTRRET R PR AT A
Sk
v
I
v
| AEA RIS

<l

E2 |IDEf{XBPHILE M L& BT 72

Fig.2 Process of IDE optimizing BP neural network
4 HBAOTERWEIDH

4.1 SERER RS

FL 778 s s v RO AR SR AT RO A — e R
& bR WS, i DAASSCR T L ) AR e i
S4AH,. CH,. C,H,. CH,FlCH, KB/ HH
73 BRI 5 W 7 s s R AR (P R R R, B )
2 AN IR O RER AU TR AR RN B A L
P ) 28 1B o O TR, RE R T, L R
T, GRE <700 C)  Fildid#oT,
(t>700 C)  fREEE L T, M REE L T, -
FLHIRRE B LR R R LA A 59 (1) KA TR,
RS O R RIUR EL s 2 g kA e Y
AL T SR SEI0 b g B, L2374
A S Wb SO UAR ISR Ee 5%, P 113414 il
GRFEAS, BAMAANENIRIEFEA . SEB T, ot
IDESHCh: MR N, =100 ELpI %L g A48 XA
$ C, BEIEARIKEAEX ] (0.4, 1.2) F1 (04, 0.9
A I ROEARI A, =200 225 [ LA
Je i e BPAHER I 2 (R R 7 B2 BT AN 12

A GA-BP. PSO-BP. DE-BPHIIDE-BP%} 5l
WXV GFEABATINZRNR CanEB3HTR) o 4
GA-BP. PSO-BP. DE-BPFIIDE-BPEH A AH[m] ) M
28 NFI R i R I, HIFERARIRE LA K TR 2 T
A ZENZH. GA-BPHIPSO-BPIEACEH:— kAL
Ja ¥R ZEAAN S e A2 A% 4k 1T DE-BPATIDE-BP 13
J7 VR ZEAEBEAN IEAC L FE P #R & Fr s ok, H
IDE-BP 134 7 i 2208/ M B e n] W, AN TE

of




X, A

BET ORI BEA A IR ZE I 265 1) P 3 A8 s 2 W 2 T

- 109 -

PERE BRI % R [, IDE-BPAL T GA-BP.
PSO-BPAIDE-BP, {7~ H A A b 70 25 g

0.8
0.6
H
iﬁ 0.4 aa
& PSO o IpE
) My 1’ 1/
02 / /
0 " " "
0 50 100 150 200
e AN7¢ 4

3 GA-BP. PSO-BP. DE-BP#NIDE-BPJ77iR % 4k
Fig.3 Mean error curves of GA-BP, PSO-BP, DE-BP and
IDE-BP

4.2 HIEID W R LB

A SR HT 124 1 B R AS SR 6 Ik Y 4%,
BPNN. GA-BP. PSO-BP. DE-BPHIIDE-BPiX i F}
AT B2 W LRSI 4 R (R D o X5
43R Y], IDE-BPFIZ KRG L i T ILAR DU A5k o
%1 BPNN. GA-BP. PSO-BP. DE-BPFIIDE-BPiZ U4 R tLik
Tab.1 Comparison of diagnostic results among BPNN, GA-BP,

PSO-BP, DE-BP and IDE-BP

ik BPNN GA-BP PSO-BP DE-BP IDE-BP
Hi A E 24 17 14 9 6
BWIRSE/%  80.65 86.29 88.71 92.74 95.16
A
5 g

WS S BP AL Gas T
g iilgirt, sillk T BP SIABUEAEAE 5 b
VNG R L1E5 GlkirS SRSy N EEIE L i RPRE NG
I AR, Sk oy EA RE S 2 BUACOL () BP
FRZE I 2R BIE . TTRFE T VA T R ) A
WS, 2SR, 0Tk R AR 2
RIRE, il A2 HL )28 Hs s Wb i T AR 2K
B3k
[1] Lin CE, Ling J M, Huang C L. An expert system for

transformer fault diagnosis using dissolved gas

analysis[J]. IEEE Trans on Power Delivery, 1993, 8(1):

231-238.

[2] SUQ,Lai LL, Austin P. A fuzzy dissolved gas analysis
method for the diagnosis of multiple incipient faults in a
transformer[J]. IEEE Trans on Power Systems, 2000,
15(2): 593-598.

(3] T2, 4301, ™EE. BP W& i A8 i B
b e R R T (9] e HUS R, 2005, 31(7): 12-14.
WANG Xue-mei, LI Wen-shen,YAN Zhang. Application
study of BP network used in the fault diagnosis of power
transformer[J]. High Voltage Engineering, 2005, 31(7):

4

12-14.

(4] e, Wik, XIRR, 5 FE TR TR SRR

EHLAS LA H S ], i EER, 2009, 35(3):
509-513.
FEI Sheng-wei, MIAO Yu-bin, LIU Cheng-liang, et al.
Fault diagnosis of transformer based on particle swarm
optimization-based support vector machine[J]. High
Voltage Engineering, 2009, 35(3): 509-513.

(6] RELAE, fha) K. AR SRS L KRG AN

JE BT AN A R RE SR 7T 0], T AL TR R,
2002, 22(2): 31-35.
SHU Hong-chun, SUN Xiang-fei. A RS approach to
founding and maintaining ES knowledge base for fault
diagnosis of power transfermer[J]. Proceedings of the
CSEE, 2002, 22(2): 31-35.

(6] Vo3, JfEL. BTt A A IR ) B At B A0 0
R, VLT RS R ,2005,41(12):74-75.

FENG Qi, ZHOU De-yun. Time optimal path planning
based on diferential evolution algorithm[J]. Computer
Engineering and Application , 2005,41(12):74-75.

[7] Rainer Storn. Designing nonstandard filters with
differential evolution[J]. IEEE Signal Processing
Magazine, 2005, 22(1):103-106.

[8] Chen Chong-wei, Chen De-zhao, Cao Guang-zhi. An
improved differential evolution algorithm in training an
encoding prior knowledge into feedforward networks
with application in chemistry[J]. Chemometrics and
Intelligent Laboratory Systems, 2002, 64(1): 27-43.

[9] Sandra Paterlini, Thiemo Krink. Differential evolution
and particle optimisation in  partitional
clustering[J]. Computational Statistics & Data Analysis,
2006, 50(5): 1220-1247.

[10] i, Mg TREN M) TR FPOREHR

swarm

#, 1995,
[11] ¥oAl. A THEME M. Jbat: SS8E R
#, 2001.

[12] B, Phkom. Phg M4 it 5 MATLAB R2007 5
BiMY. Jbxt: A Tk RAEE, 2007

(13] EWlE, PhAHr, BEds. R Ras (ank sl v i) BPNN
H bR 2 Wik (0], R AL TR AR 4R ,1997, 17( 5) -
322-325.
WANG Cai-sheng, , SUN Cai-xin, LIAO Rui-jin.
Monitoring transformer chromatography with BPNN
fault diagnosis method[J]. Proceedings of the CSEE,1997,
17(5) :322-325.

Yk HHEA: 2009-08-28; 1&E BHA: 2010-07-17
fEE BN

3 m (1984-) , %, Aid, TBMER I
& 9%, E-mail: 1iuli470929@126.com

BoA&(1975-), 5%, HE, a3k, ZEAFR)
RGP B BT o B AME T @ 0 R

X 2 (1985-) , B, MEHRA, TEHMEFTEH
SERY, FRALFELN,



