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Transformer fault diagnosis based on probability output of
LSSVM and DS evidence theory

ZHU Kedong, ZHENG Jianyong, MEI Jun, MEI Fei
( College of Electrical Engineering, Southeast University, Nanjing 210096, China)

Abstract; For accurate estimation of the main types of transformer faults with relatively fewer fault information
samples, this paper presents an approach to transformer fault diagnosis based on the probability output of the least
squares support vector machine ( LSSVM ) and DS evidence theory according to the ideas of intelligence
complementarity and information fusion. This diagnosis method has the following features: it integrates multiple
feature information of the operating state of the power transformer, outputs the probabilities of various transformer
faults, and provides more available information for the maintenance and repair of the power transformer. This gives
full play to the strong generalization ability of the LSSVM in the case of small samples. In case studies, the
diagnosis accuracy of the proposed method reached 91. 1% , which was higher than that of the three-ratio method
(with an accuracy of 75. 6% ) and that of the LSSVM method ( with an accuracy of 82.2% ). The proposed method

effectively reduces the risk of misdiagnosis of transformer faults.
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FIFH % 58 Z2 G0 FASORI 4 B 45 R S8 iU T 2RIk n] i 241 5 A BB W7, (0 HAIE S AR AR 22 (o A Aff e
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LSSVM & 37 [ 8 HL (support vector machine, SVM) B! (4 &, B4 88 SVM 124k A J138 /INFEA Bk |
SRR A A T LI R IR e, 285 500 B o, B ZE sl /SRR P AR B 2 . I LSSVM A
i A LSSVM. A 1 1 73 S AL R AR e M 43 28 TEOR BRI LSSVM A 34 Bty B M uE s 1442 41k BPA
BT FR% R EH T LSSVM R4 S BRI fl & i R W7 i il A 24 LSSVM R
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1.1 LSSVM

LSSVM fAbFE bR -5 30, 3 A R AR SVM AN U2 30 b R A0 1 02 £ SRy v
SRAfE AR TR RS2 A0k bR TR ARIEE . TSSVM I3 SRR3R s KCH

y() = sgn [ Z ' (x)@(x) +1 ) (1)

A sy——H s 5 Sy — 3 Fr B ALE 5 o — PRSI H - T 50, ox——FTA; @ ( =) E|EES R
s b——1 B WAL

7E X K(x, ;)= D'(x,) D(x;) A% PREL LSSVM B3k BE #5445 ] L PR AN ( radial basis function, RBF) 4% b
e Bp K(x;,%)=exp(= [l x;—; || 20%) ,Hih o 5 RBF 92451,
1.2 LSSVM it

LSSVM J&— A i pLas 2= 21 Ik o B TR 8e[n] @ FEACR BE A 0H y H 28 HBe DL —E %
BB R TR, B, My e [ -1, 1 RRBIG MR 2805 2. i 11k LSSVM FRIRFEA YA E 1,
HLTE LSSVM HAT Hcki i PR RE

ARICHEA Plaw 7 sigmoid PREUSHURAL HBAUS IR SR bRt LSSVM % {8 £ it

SOARERME p(y=1 /) B

1

ply=1 ‘f) “1 + exp(Af + B) (2)
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F(A,B)zmin{— Z[tilgpi-‘-(l_ti)lg(l_pi>1} (3)
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a=0

2 LWERSGHHE R1 REBKIEEWELBSIT
Table 1 Statistics of fault types of
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Fig. 1 Transformer diagnosis model
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2.4 HEWALE

IR A Bt B0 S (0 AR R 28 01 K IR 5 B, IR WL 28 o 50 /0 1) B (P AN UK
SN EREE R . WIS R R TP R B T B R R A B AT AL B, CO L CO, BdnfE
Ja SCUA A Ty s AT A B, AR B AR AN R o (C,H,) = G H/ (G +Cy) 0 (Hy) = Hy/(C +Cy +H,y),
¢(C,H,)=C,H,/(C,+C,) ,@(CH,)=CH,/(C,+C,) ,@(C,Hy )= C,Hy/(C +C,) o Hrp C,+C, RELBES &
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(B, T L, C +C+H, fRERFRE S # (C,H, H, .C,H, .CH, \C,H, FEZ M), o ) RELFILM
I,

AV AR /N R FEASOR) S Ja BE b AT AL B S S pRBCE B Y DL T B A T A ke ik, 2 R B
P, KB R B E N .

| 2 =1000
uy =10.5 + 0. 5sin TE=99) 10 <. < 1000 (5)
990
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2.5 BHETENX

TEAR FRAR RS W U | — BB 0 Hp SRS #2307 (dissolved gas analysis, DGA) (Wi i i EAA A
HAC SRS A RELE A 2R B AME , TOERKS A B T2 Wi R 4 5 . S50 1 BB IE R A IR R
I o(CH,) @ (H,) .@(CH,) @ (CH,) @ (C,H,) ; ZHHE 2 R 578 12 (Roger) M (AL L ¢ (CH, )/
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2.6 ETF LSSVM #iXiH #5120

1 LSSVM HEZRALHrf AR SCRFH 1.2 1 P32 58 B 195 TC X AR 2R 31 22 SR (1 2% A, By R A UEFE 4 (R RV
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PRIAFIH AN B o (H, ) = 308 wl/L, @ (CO) = 326 wl/L, ¢ (CO,) = 1401 pl/L, ¢ (CH,) = 159 pL/L,
¢(C,Hy)=326.2 nl/L,p(C,H,)=23. 2 pI/L,9(C,H,)=592.2 pL/L,
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3 ANIESE R AL A AR B A IRIRAE £, Benl W Y3047 52 A MR B2 Wi i, 1 B THURRAE 5 1 TE 5 1A % il

JSYSHUEM NN i




555 1 REER,AE SET LSSVM MR 5 e A BSR4 T Rl a2 Wi 469

BEIEA TS WA B e M R T A BEARAI , 3 I TE Ik v i IR A 2R A . 2 ARRAF B A Bl b 75 Pl ARG -3k
T, A B THERR I R
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Table 2 Results of fault diagnosis in various cases
e TR

B N
i IR 7 7 I 7 /i /s 7 2 /s g, o

1 LSSVM1 0.0821 0.0907 0.0881 0.0465 0.1514 0.1688 0.0647 0.2388 0.0503 0.0187 —
2 LSSVM2 0.0782 0.0680 0.1164 0.1817 0.0333 0.1072 0.0794 0.1051 0.1264 0.1044 —
3 LSSVM3 0.0239 0.1070 0.2250 0.0735 0.1212 0.0215 0.0639 0.1387 0.1200 0.1053 —
4 LSSVM1-2  0.0691 0.0663 0.1103 0.0909 0.0542 0.1946 0.0553 0.2699 0.0684 0.0210 —
5
6
7

LSSVM1-3  0.0192 0.0950 0.1941 0.0335 0.1796 0.0355 0.0405 0.3243 0.0591 0.0193 fa
LSSVM2-3  0.0185 0.0722 0.2597 0.1324 0.0400 0.0229 0.0503 0.1446 0.1504 0.1090 f
LSSVM1-2-3 0.0161 0.0693 0.2424 0.0652 0.0642 0.0409 0.0345 0.3657 0.0801 0.0216 fa
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ZWIZE R 5ol R = HE RN LSSVM 73 2L 2 W 25 SR i A7 b s, 5 SR a2 3 T ekt B = B2 W i 1E H0 %k
34, RGIR R 75, 6% ; BT LSSVM 4322 Wi il IEHIE0Ch 38, BiRBIFN 82. 2% ; I F A SIS M REL 11
IEFECH 41, BHGIPRIRE] 91. 1% RS B3 & @k ki v] LA 56T LSSVM A8k 4 th 112
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c. 3~ LSSVM VI ZAS A (g Ak 5 i 30 aed DE 8 B EA T Rl B II A | 4 T Ml S ik & RS .l
S AT B T BT R B R | T AR R R | A R A R 2 W e A e

S Xk

[ 1] BEehe, TAJ5 MRS B A IEC-60599 = FU RSB i2 Wy e SRR v i J82 FH [0 ). vl P H L T 27241, 2005, 25 (1) -
134-139. ( CAI Jinding, WANG Shaofang. Application of decision rules for IEC-60599 three-ratio fault diagnosis based on rough
set theory[ J|. Proceeding of the CSEE,2005,25(11) :134-139. (in Chinese) )

(2] %08, £5 0 45 LT R4 B il )78 FE A SR Wiy ik [ U], o B UL T AR 2412, 2004, 24 (7) :162-167. (MO
Juan, WANG Xue,DONG Ming, et al. Diagnostic model of insulation faults in power equipment based on rough set theory[ J].
Proceeding of the CSEE,2004 ,24(7) :162-167. (in Chinese) )

[3] BTz, B B, 45 STl R @ S8 /A A0S TE RS BB B0 [ 1], A [ f AL T RE 22417, 2004 ,24 (10) : 121-126.
(LYU Ganyun,CHENG Haozhong,ZHAI Haibao, et al. Fault diagnosis of power transformer based on improved grey relation
analysis[ J ]. Proceeding of the CSEE,2004,24(10) ;:121-126. (in Chinese) )

[ 4] 2280, %% JA, 2. AL RARS e Wb SR HOR MR [) . SRR ,2007,33(3) : 144-146. (PENG Jian, LUO
An,ZHOU Ke,et al. Application of information fusion technique to transformer fault diagnosis[ J]. High Voltage Engineering,
2007,33(3) :144-146. (in Chinese) )

[ 57 w85, EARIL, 8 45 e TF B R G 0 KAL) 78 e i Rei2 i [0 ]. b B B HL T2 2741 ,2002,22(7)  115-118.
(SHANG Yong, YAN Chunjiang, YAN Zhang, et al. Synthetic insulation fault diagnostic model of oil-immersed power
transformers utilizing information fusion[ J ]. Proceeding of the CSEE,2002,22(7) :115-118. (in Chinese) )

[ 6] Bl BEH WA, 5% 202 M4 SIS A 8 & SRR G 2 Wk mrse ()], P E BT R 2R,
2006,26(3) :119-124. (LIAO Ruijin, LTAO Yuxiang, YANG Lijun, et al. Study on synthetic diagnosis method of transformer
fault using multi-neural network and evidence theory[ J ]. Proceeding of the CSEE,2006,26(3) :119-124. (in Chinese) )



470 R NEIE - SN S a2 %

[ 7] BLE & 5%k, MR 45, JET UG PSO-BP #2461 D-S UEHE HIE 1 KA R as i sr iz B[ J]. I RS A 8
1£,2006,30(7) :46-50. ( WEI Xing,SHU Naiqiu, CUI Pengcheng, et al. Power transformer fault integrated diagnosis based on
improved PSO-BP neural networks and DS evidential reasoning[ J]. Automation of electric power systems,2006,30(7) :46-50.
(in Chinese) )

[ 8 ] VAPNIK V N. The nature of statistical learning theory[ M ]. New York, USA ; Springer-Veerlag, 1999 :138-145.

(9] IBEHER: BRSO, 58 i b BT o/ Z 3RS Rp ) BEALAY R B AP ARG AL AL [ 1] b E AL T AR 2441, 2010,30(17) :91-97.
(GU Yanping, ZHAO Wenjie, WU Zhansong. Combustion optimization for utility boiler based on least square-support vector
machine[ J]. Proceeding of the CSEE,2010,30(17) :91-97. (in Chinese) )

(107 Zlk, FEifE 30, w5 3 TG fre /D 3R SCHF i ALAY L BE BRI 3 70 26 [ 1], WL TR 2441, 2012,27(8) :209-
214. (Qin Ye, Yuan Haiwen, Yuan Haibin,et al. Classification of power quality disturbances based on optimized least squares
support vector machine[ J ]. Transaction of China Electrotechnical Society,2012,27(8) ;:209-214. (in Chinese) )

(107 X080 X0 FF8s | AL, 55, BT LSSVM 172 e ds e R 4E 4 BN 5T [ 0], s R AL T RE2%4)k ,2012,32(22) :94-103. (LIU
Jian,LIU Kaipei,ZHOU Shijie, et al. Research on optimal transformer maintenance scheme based on LS-SVM[ J]. Proceeding of
the CSEE,2012,32(22) :94-103. (in Chinese) )

12 000, EAE 5 TG, 55, I8 T AU 26 D 11 9 e/~ 2035 0 BB IR G N v ). o LB T PR,
2011,31(34) :93-99. (ZENG Ming, LYU Chunquan, TIAN Kou,et al. Least squares-support vector machine load forecasting
approach optimized by bacterial colony chemotaxis method[ J]. Proceeding of the CSEE,2011,31(34) :93-99. (in Chinese) )

[13] HSUAN-TIEN L, CHIH-JEN L, RUBY C W. A note on platt’ s probabilistic outputs for support vector machines [ J]. Machine
Learning, 2007, 68(3) ;267-276.

[14] WU Tingfan, LIN Chijen, RUBY C W. Probability Estimates for multi-class classification by pairwise coupling[ J]. Journal of
Machine Learning Research,2004,5(4) :975-1005.

[15] AT, s il AP U E L I S S 2 BT H R [ M) JEst b2 e, 2003 :1-89.

- T -

LERKI R R 24P AIES
BRI K F R B LAHT B

AT RFMR L3 RER BEKE, BB, DR FRER, BFERKERFFLR
B F A RS A E R AR R AR LK F G IR R P E A, o E RSB LR
FHERXARELALLE TEMNFRELABZIRNE R AR A TR ZBEEHEIN” AL 00D
T AU I K F 4 LR 5 R AR F A #F it 2 % T 2014 £ 11 A 8—9 H A& W )Il 4
# AT,

SWEMOARREEENE, FHRBELTE, 2N EENACHE (a) MR BEK
SCH K FE R 5 (b) N K - A R 2 W -l R F T LR 5 () /N K S
JUR R TEAE 5 (d) ANFRB K ST TR 3 7 76 B0 5 FOAR (e) /N 3K U TR F & 7
5 (F) /N U i K 82

S VU F X IE R % B 3k www. meeting. edu. en( P EF RS PEL) .

(AT 4 3530445 )



