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Application of fault diagnosis for district subnetworks based upon evolutionary Tabu Search algorithm

LI Wen-qging, LIU Qian-jin, JIJANG Wei
(South China University of Technology, Guangzhou 510641,China)

Abstract: Optimization algorithm for fault diagnosis of electrical power system is to describe fault diagnosis as optimization
problem and then solve that by optimization method. A new approach to fault diagnosis based upon developed Tabu Search algorithm
is proposed in the paper. Based on set covering theory, alarm processing problem is first expressed as O-1 integer programming
problem, a new criterion on describing alarm processing problem is proposed to ensure global optimal solution and extremely satisfy
the need of network celerity. Eventually, a typical 152 node systemic case is served to demonstrate probability of reliability and
celerity quality of computed results, the test results suggest that evolutionary TS based method is more efficient than existing
optimization algorithm.

Key words: fault diagnosis; set covering theory

evolutionary TS;

FESAE. TMT7I11 XEARIRG: A XEHS:  1003-4897(2008)01-0067-06

TER T MRS . KT RARMAL R R

0 3l

B RGN R B BB AT A R SEELE
BORBUT RIS REE, ROHERR b, kB MtHE, R
M Ee, BE. AFBTHEEFRY. HF
. BERALRUITBRNRANKERS, HETE
HEMITARTAMELENLENELR, EFELE
R £ A A AR B R A DU LB IR R
R B, SWHRFRREGZR.

HET, BEZMITENAT BN RE UL N,
ERRLED., MEmgl, BEeEYE, HhE
B AL T7 VL SO 2 7 T LSRR B 2 R
T KB ARG LA,

BT R, 8, 91F, CELRISEIER KA
RER) B ARER B FF A48 T B AR R BN B B LTI,
IR B 2 W ) R AL AR T SRR TE A R AR AR 7 55 )
BT RERB| TR ERAE, BIE AR B,

WE, BRESEFZHHE L, Rk, #ifE
BE(GA)PIEE, Horh 2t 2 R 8k TS(Tabu Search)
BRI RASEE, TEEEMR R LSS N

10
‘%‘:[ s

1 Tabu EEEN

HEBEARENNAREE. BRI, RERS
FEABNBRNEESHE, TS FEER TIZM
MY, EEERASEN ‘2327 FRABETIE
MR, FHEIHFEREN RS — LR R
R, BMRESHUE SRR EERAMIE
FOEA BAET st FERmIESE TS, reactive—TS
%, TS BB TRKMKRE.

HEMA TS P — LA RS

1) #3(move): FHEMIMUHNZLFLZR Xoor
AR, ERFINEE. FAEMBIFEERR


http://www.cqvip.com

-68 -

D 000 http://www.cqvip.com]

Hes

FAE L, —HBEX X T R ENESK
A X #)—A4B8k (neighborhood). — R R 4RI F
BH B —NKRDH Now BIFEAR, ENRIEMBE
(candidate). #HKBIHRAE:
a. B “Bz)” (Hm ERR):
mi(Xcur)zXcur+u,. (i=l,2,---,n)
b. ¥ “#zh” (H my; RIR) :
mij (Xcur): Xcur +ui _uj

WE, n REBRNFHBKE, uit nfimE,
X B INTTERO (D) B, w5 i MRS
FEC L (1D, HETER 0, Thm WNEEE ;
AR, m, RO REY i EE .

2) EMr R (evaluation): & HF MIREM %
B —4rgn — M AR, —&FH:

a. BAFERE: Feval(X)=Fobj(X)

b. HIFEREHIME: Feval(X) =Fobj(X)— Fobj
(Xcur)

3) Z#RE (Tabulist): HTFFRERNER (—
AT KIE BRI S, BRI RS HAK
IR, BEEXT RS SRR A IR BORR Ny 2L
B TL (Tabu length), HA/DNEBEFWMEIEK
HWEMBENTH. B3RAEIAA:

a. AU, BOFIHEHE B A, et gE
BEKEHLENTHKE.

b. ZHERAFL, BIN<ZE BN E, BERIRE,
BREHEZRE, RAZRSHRIERRE—1,
WS BN 0 I BTN BB, BRKEAHA
KHE.

c. BTN ERR: RIFELSHE HIHIMR
RFFEBHHEEZKE, reactive—TS AR TIX

4) FHAHEN (aspiration criterion): H|Wrf%i%
RERIUAZZESIREIFFN, BRREFEE
R RN R, B RRERNFEBER, &
msEm e /i, & H A

a. TV REUERHER . SixE g NTEm{E
MF BN, AFEMENNBIIES, BT
LUREE (BN T IRIEARH 4 RT#E)

b, ETHE/AEIRIMEN: FiREBEFTAH
MNEHEES CBFEREEZKELKFBO, X H
AT BRRREHTE, NN ERRON S
%L,

c. FT W SRR R R KRS B bR
ERZEANE CGEEHE—MERHIEE, F—E

(i,§=12,-n i#j)

R ERETEE), WREREWIRKETEEHESR,
NARZE,

5) #1E#M (terminate criterion): TS & —F
EAENE, LRI TR & Rk R K.
HH T 5L

a. BRIEASEUEN]. B4 E—MBKIIE,
LIERRBUEBIAE, WL, XHENE 8,
{EL3E DLORUE AR BRI

b. BARMEMEL], BIEE— ML, SE M
HtrE MR I X AN e B, EREIE.

c. BVMEIREFEREHN . BIAeTH5 H bRk 51
kP 7, A8 ERESHTANRESED
FRENMEENHN & IEHEE,

FEA TS pyBEL: BERSRIMCET
HERZIPIRABE), HEFRERERIRER
GAFHXER S, R T AR EREREREN
K&

TS EHERHMHL 7 EES A XM kR
FEFE N YFE Xewo 2J5, FH—HEXH
B3I Move Xf X, BATHAE, 74— “IRiEMEE”
VXeano TEFAERIFTEIRERBT, PN ERE Feval O
B E HA N 3) Step AEEERZE TR vIabu 2.5
IRRBUELE A T — AR ZHTRE, FHIEB R
R EBHNBHEBRRUBG IEEIAREER. L7
AN TN RECI LB, KAV &3
TAE/NIBIIEN T — IR R T H, (RIFBHL
FEREEEREREARFMX A, H2RESkH R
BAUHIRED . 24 H gk A B i S AR HE N Fasp()
B, NEHAANBIEBRHER, HIIEEENT
— 4R, MNMREAREE ELHAE .

HZEA TS KA R B min f(X) (X A n
KEER) WRELA L

HATS BHEME, HEE - BHEERNE
R, THE-SERENRE, EANaH
MARRBEA B R FBREASZFTT 2 REMR
i, eExiEA TS X, WTABZHET KE
fRF ST A, HanscER (1113244 Reactive
—tabu search, XM T #R#E B ir R FE A sh& A%
BIBRANFE: LB ER HIMEREZR,
ELFARBERRNOX B DERR. FIEILEH
HHLE], BREMABREIRN, NEETHRATE Y
FEHLEW R R EA T —HERA.

HT XL TS KB RIEE RS 2,
RAREE EEN Tt Sk, MHRELEX
R, MBS T RE KT BT EL,
Xof T8 o 5 R AR 17 BT SR S


http://www.cqvip.com

D 000 http://www.cqvip.com]

FICHE, % U Tabu RALSLIRAENE X B K M2 W - 69 -

FIRAL IR R T 5 SRA XM TR SEAE R,
2 SCAR B b X HL B — Rk H bR bR B SERRE
Xt TS AT T A KBES, RRIEH, BBUSH TS
e RIE R TEN AR RNE, HEEHH
HERIEXK.,

WA E SR KE TL 2 TS L lrﬂi‘ﬁj
m%njw\mw AR AMBRAER, Ra

B S BO EHUTHRIB S ARINIg R 5), X3t
mﬂ%@ﬁﬁ%ﬁ?oimUH%m,gﬁ%%A
KN REVIER, BER TDR/2-1. R T K& TL
X2 KA Rese i RN, EWERREN
Mg . ACH R WP I REEH, & TL
FERK—E, H L RERK, ReBAREEERT MM
B, MRRARSBIHTAGENRERE, 4
TD=NE (VAL EHREIKE), H0 6 HIRE
RENNBHEHEESHE M. CFEHlH, Y
TD>=2N B, BESFARNES).) X S FiE
fREPRAMBBRITRMEREN, WTF—X4aiEm A qe
MEIEAREF IR, LR RRETH,

BEBH HBRKETen, REHIHN., xﬁﬁiaﬁ&.
PR %’e‘éﬁ\/rbu i35 SN

PR HLAIE LB
UITHREE X, é =Feval(Xorx)
T vXapush(X)

29 R 45 R
K=0

m&mzmm:me
% Tabu.pish(
Iﬁ#ﬁﬁiﬁ 451“

1% Tabwpsh(-s)

X FRABIEE
FERTR e 115 S0 2 A S8 Bk Xcor=Xiomp

iﬂﬁwﬂ%k*%%
EHFKFRE: Flevel

ﬁ
B

Biz: KMENS, BREBCHEMBE, RFIAREEA, X
FIRM BRAEGFAER, RXBRFEYE, BHRMFEARTH
BESAREM, FIAERRERPRAT —MRA vh AR

B 1 EXTS MitHRER

Fig.1 Flow chart for basic TS

Ak, ASCRFAT - AMRRKBEE SRS
Jrig: B SRIERE A AR AE B SR R U LR %
RS N B AR, WEF AT
BERE, HBETERER. KA 1 KRERIEES
B A B RIRR S S I 2 BT R

MR B AR K AN HRERRE, I SRR i
Vhean =Move (X,) Vhany=Feval (vhoo ) i

¥ AR, N
VA2 Empty

T L L
i i R REREE RIS 3

HEE Eﬁ vTabu. clear ‘‘‘‘‘

v
THEBHR: Step (X, X.,,) j

K++ [

2 HEREI TS KT
Fig.2 Amendment of basal TS

B RIRFE B, KM AR IKEI 22
s, e tuE e, ﬁﬁﬁ&&%&$i*%
WS WAL (7 B R AT

2 BT Tabu EXHAKER

WIS P2 Hhh, FERET IR AR B2 Wit 5,
FATRH B MR E HATSE oy, B X TS
Trif TS, ERMHEIEERZNRREA, &1
AL TR I B AR5 AR, ARYERS (A
HISRRTT . 2RI L 3,

<

ﬁ‘&d&% 22

_ ic
! RelatedDevice | [{| M fact
KAWL lL
l Xkﬂl&ﬁ%n(’f&‘]*ﬁ*ﬁ#’ﬁﬁﬁ%%ﬁ
RelatedD evice=GetStaticDataE. IDE type )

Wb JT{F A & E=E<ID.type,status>

[ Bftﬂliﬁ){zﬁﬁﬁ‘]*ﬁ%}t&:
M_fact=GetRealData(RelatedDe vice)
AT R 1T B
opt=TS (X, Fobj (X) ,min)
X =Estaus
Fobj(X) =Fobj( M_exp(X,RelatedDevice, M_fact), M_fact )

R T T I5E Tstatus=ORI LT
I

L et e

3 HALISERRREE

Fig.3 Module of diagnosis basic optimization

R FR AR B, A UK IR B 4L R
HWEEA MR E, METEATHRES (EID),
JeFER (Etype) FITCHEIRA (E.status) 4AL.
E.status & Fl THBOTHEREIRE, 0 RnIEHPE,
1 RRHRE, gmASE AT TR E R 0.



http://www.cqvip.com

D 000 http://www.cqvip.com]

-70- ReR
L2 A L3IA
D19 D29 D33
N25 D3 D34
K9 K10

D28Qp3 1@ D32QD35Q) D36

StaB

L16

e L K37 D13:
K36 D125 i K38 Kig
D123 DI126@) D127€0 D128QDI1300 D133@ D134
i) 124 "~ - .
B18 g
—y

AWy 8 :
B19}  @D160 ADI6L

k47

D162

D139 DI
K4l K45
D155 @
szcﬁ mss§
823 i l
Li2v G4 (63 4

4 A B M
Fig.4 Simplified network for test

ETXMINFRERRENEXMAZSIER EEATRHHEERTREERBIENRS, M
S5, SHEERERILTHRMAREERR  F2NFTERE. S TFARRTHES, HHXE


http://www.cqvip.com

D 000 http://www.cqvip.com]

ZRAFN, BT 2 MR AN E SR T I
HEEABEBIHRER. X THREN—NITHE
&, TWHEHRSHEESREEP WML, HitHE
HARRE TR R RRRHER, FTUERAL
LB ET, ATLAET GetStaticData % 57 B £
MNESHEERSTHERRETFRMEXRE
RelatedDevice #iE 7 BArki+ M MAMER,

ZUNE, & HUH Tabu AL ELAEHLIX B R AR 12 T I N -71-
THRR, BWUABERKISKSR, WAL
R BRI R
F1 WEHR
Tab.1 Fault simulation
HAEE R iz W | W
#R
1 348 T2 BB T2m2 | T2 &% | R shs, Mo iFmEy R
FE, K29, K30 Bk Rat W BRI ERANE, BHTER

it GetRealData f¥ 7 bR M BH SR IR 548
K& B .

KB T R B I status 43 EAE MR E LR
FE X (WEERD, EERHEEES, RF X
RERT. £t EFERE, LK H B RE
BN Xopt. &g REHIE Xopr fEY, W
status=1 [ O xE 7 R TT A

3 Hf

CLFE 4 B0 BRI A i, X — 6 g Y g
BEAT T PR, B0AE T B BT R T RB R .
3.1 {FEMIX B M5 AR

ZHEME=ZTHEERS, RENTEELER
B E BN L, REITHARIEZEZR
BT -

a) AH A: HI3NMEERSRANK, mPEF
FIX R 5 sk, (RACRAN L, B
EIiZ4T 7 A H BT, RN B &5 BIEqT,
&R #8217 (B8 1F18),

b) REJ B: H2 MNHEEZKHAL, BEXH
W S5 LR, R RF W EBHELR, WRERTHE
T AR A EFH1ET .

¢ KHJ C: HH3NHEERAK HFRHAX
B S ERERLR, MERTEAR EMIETT 77 oA EEH
5)iz4T, PHRAERSBIEIT. AC RuE L13.
L14 fHi%, AB it L15 AHi&E, BC #id L16 AHi%.
R BERT L14 15813 .

3.2 (HEItH

e 2 R R AT T O BT E AR b,
BATVEIR T — Lo e 3G AR i e 241 R 1 B 1%
EWIHEREEAITH. R 1 iR

ENR LIRS, FRIAXRZEFRLEFFE T
HHE R, EHHWREXIZESERRSE, R
eI AL BT, BTl R S i iR g
BB TR R B MRS B & (R BT
B BIFTB W ERE T
3.3 Hilath

DL 43 il %ot B P o e A R B R, TR AR
FRYIES), LRIRENEERHME B E KRB RHIT

&,

BT R ER, E &
R TR ERBE, 2
BEREHE,

2. HE A BIZRREE L2 ARG | L2 &
ZEHRY Lof1 EhiE, MRk | RE
28 K9 Bkim

T MRy EREIE, H
WiBR s E3), BIRKRR R 5

3. T AMZRER L4 MR | L4 &
—BRY Lam2, BB | K&

Laf. ZBARY L4s ik, {35 M7 B2 35 IE A Bh 1,
2k BT MRREH BTmal LHEREHE,

e, BrBkas K11, K13, K17

Bk il

4. W BMIBE LT AR | L7 8| SETHA R ANERSIE

BishfE, AR AR IR
3. sHERAHE.

i Lml e, SBELI6 K | B
ik ¢ MEKEE—BREY
Li6aml {R7301E, WiEk#s
K22, K36 Bk

B T B AR B B R
EBBIE, B8 — R E
BZR. BHEREHE.

5. HiAC KSR LI3FE | L13#K
B—B Li3aml 3h1E, Bigg | B
2 K2, K31 Bk,

4 NG

AN R R R EE BT
HT# AL, SR T E& AR HER B AR
RBMBERBREE, HNEEDRT T, £
HEBEAE MR ESR T HRARSAL T
SRR S TR RO AR 3, I RERMT
BOEERWUFR SR, &5, ©—1
A XS MR RY M BEAT IR . MRS RE P ATT
ERAEKH.

Sk

[1] &8, SBoEETESEERMN Tabu FERTEN
BAOREEMRBELEDN BN RKEAEF
1£.,1997,21(2):18-23.

WEN Fu-shuan, HAN Zhen-xiang. A New Approach to

Alarm Processing in Power Systems Based upon the Set

Covering Theory and Tabu Search Method[J].

Automation of Electric Power Systems, 1997,21(2):

18-23.

[2] Fukui C, Kawakami J. An Expert System for Fault
Section Estimation Using Information from Protective
Relays and Circuit Breakers[J]. IEEE Trans on
PWRD,1986,1(4): 83-90.

[3] Tanaka H, Matsuda S, Izui Y, et al. Design and



http://www.cqvip.com

-72 -

D 000 http://www.cqvip.com]

Hen

(4]

(5]

(6]

(7]

(8]

[9]

Evaluation of Neural Network for Fault Diagnosis[A]. In:
Proceedings of Second Symposium on Expert System
Application to Power Systems (ESAP'89)[C]. Seattle:
1989.378-384.

Dy Liacco T E, Kraynak T J. Processing by Logic
Programming of Circuit-Breaker and Protective-Relaying
Information[J]. IEEE Trans on PAS, 1969, 88(2):171-
175.

AR R K Y, B bR, RIRIMT R S5 B s I R
GBI RRBEAEFED. B LIREARFER, 1994,
11(2):58-64.

WEN Fu-shuan, HAN Zhen-xiang, et al. A Refined
Genetic Algorithm for Fault Section Estimation Using
Information from Circuit Breakers[J]. Journal of Electric
Machines and Power Systems, 1994, 11(2):58-64.

Wen Fushuan, Han Zhenxiang. Fault Section Estima-
tionin Power Systems Using a Genetic Algorithm[J].
Journal of Electric Power Systems Research, 1995,34(3):
165-172.

Wen Fushuan, Chang C S. A New Approach to Fault
Diagnosis in Electrical Distribution Networks Using a
Genetic Algorithm[J]. Journal of Artificial Intelligence in
Engineering, 1998, 12(1): 69-80.

SR YU, B TR IR B R DN
RIS T E— 8 8o WA ST R
R R A5 #1]R,1998,10(3):1-18.

WEN Fu-shuan, HAN Zhen-xiang, et al. An Analytic
Model and Genetic Algorithm Based Method for Fault
Diagnosis in Power Systems(1)[J].Proceedings of the
EPSA, 1998,10(3):1-18.

ICHEEE BV SR TR IER L RN
MR RL Sy i—— 3 8 AR HIL R R
gt K3 A EhbEM, 1998, 10(3):1-18.

WEN Fu-shuan, HAN Zhen-xiang, et al. An Analytic

Model and Genetic Algorithm Based Method for Fault
Diagnosis in Power Systems(2)[J]. Proceedings of the
EPSA, 1998, 10(3):1-18.

B, BRUEE SCHEE. T ENISMNR A Tabu 18
RINERR N RAHBSET]. FERFERERR
h5),1999, 39(3):56-60.

HAN Zhen-xiang, QIAN Yuan-ping, WEN Fu-shuan.
Tabu Search Approach to Fault Diagnosis in Power
Systems Using Fuzzy Abductive Inference[J]. J Tsinghua
Univ (Sci&Tech), 1999, 39(3):56-60.

Yogendra Kumar, Biswarup Das , Jaydev Sharma.
Multi-objective Reactive Tabu Search for Service
Restoration in Distribution System[J]. IEE Proc.
Generation, Transmission & Distribution.

[12] Glover F, Memillan C, Novick B. Interactive Decision
Software and Computer Graphics for Architerctural and
Space Planning[J]. Annals of Operations Research, 1985:
557-573.

Glover F, Kelly J, Laguna M. Genetic Algorithms and
Tabu Search: Hybrids for Opimization[D]. Boulder
University of Colorado, 1992.

Battiti. The Reactive Tabu Search[J]. ORSA Journal on
Computing, 1994, 6(2):126-140.

[10]

[11]

[13]

[14]

KisA#I: 2007-09-07
fEHB:
ALFE (1982-), %, MLEHRA, L E2HMEFASE

# &Yk B4R, E-mail:liwgstudent@163.com
XA (1967-), F, S1#K, T EHMAFTASELAE
Sk WIRY R J R RAT AT,
£ 4 (1982-), B, AiEHRA, IEHRFOHL
EY X

(E#FZSIA

(4]

(5]

continued from page 51 )

HAREESE. A AT ECR RN AM]. dbs: B
STk HiAR, 1998.

NIU Dong-xiao, et al. Study and Application on Load
forecasting[M].Beijing: Electric Power Industry Press,
1998.

Wit B, BRSO VR R PR 2 4T B B T A R
L0 MR, 2004, 28(3): 59-64

YANG Hong-ming, DUAN Xian-zhong. Research on
Chaotic Characteristics of Electricity Price and Its
Forecasting Model[J]Power System Technology,

2004,28(3):59-64.

[6] Han J, Kamber M. Data Mining Concepts and
Techniques[M].Beijing: China Machine Press, 2001.

ks A #A: 2007-05-21; {£EA#Y: 2007-08-08

EAEM e
T k1983, &, MEHRA, NELHTIHEE

Fo - TR 7 & 649 5F A ; E-mail:05121630@bjtu.edu.cn
B & (1955-), %, ik, AERHTYE, o
ol AV RFF BHHR,;
HEH (1983-), F, MEHMRA, NELH T HKM
B BRBNK R RF KGR


http://www.cqvip.com

