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Fig.1 Information movement process of fault diagnosis
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channel for fault diagnosis

LRI 55 W it i B SRS Y
2 ETFEEERAHEISEHERE

2.1 ERER%

AR B EA AN EER BT AT ek &
# AT RE 5| R AF B P e A5 S 4 R I SR R X
PR B E R, fEfEBEIe T Rk
Kol R E B EBUR /N NE B R S ol w4y,
X TR T 0 N o R P eIt f A A BT
2.1.1 fERIZESH L

S NINIE SR R kSRR =SS i
K I(a,,bjle) A7 — & WY RIME AT 51 AKHXHF B2k
KAEATUR , X FAEIE 1 WA M X, 752 LR
BRI RS @y M BETE, XFE  TEDR R R )
Wr X =a, B A5 IR 5 Bk 0ol

losi=1(a,) - 1(a,) =10gz[p (ay)/p(a;) ] (1)
o 1) A T RE SR AL 5 B p (- ) W AH
MR IER k=12, - K,K A1 RE M) & il b
HEHE .,

XFAHIE 2 A E Y, RS R S R
BEBRAN G A B4 1 H5FE 1 i Am
X OGN AMHE BRI R T DI
Fofr ELAA 1) £ 47 R8T 6 25 AR by S B ME HI BT Y = b,
B (A5 A B e

]m.sﬂk:](bj)—l(bo) =10gz[p (bo|ao>/P (b_f‘ak) J (2)
o p (| ) HARR FAF R SRR k=12, K=
1,2, -, ], ] 3l Ge i £ 30 F0 7 % 45 RS 41 &
H,

212 fFEAZEITH L

P L2 AT 1) i Z IR T T 2 A )

HY,M5EHE 18 ARE X K5,z
TARATA C X MR, IR M Fit Z=e,,
X=a, WHFEEE BB A 0;Y=b; B AMFHEF L
AU,
Ilosstl:I<b0;el) —](b_,';ez) Zl(bo,bj;el) Zlogz(Pb(,z|le) (3)
Hod 1+ YN FMZRGEFRBM (-, - )%
G B s py AR B W WER  p,, MR b, 1
SR =12, J;1=1,2,-- L, L HHE
Hu AT RE AR ARG B A EH

o B AR X A XEIE 1 (s B Rk i
P JFARELRIEE 1| PRERES A= AEE
EPR R R E(EIE 2 AR E Y I
AL B A5 TR B R e i Fe o it & TARGE 1 s
UNEE®. €052 TSN SEe LY W7 =S O =51 W OF =P
EMRMEZITE
22 EFEREERARNNHESHER

VA HL XS N g A0S T HC A 4k L PR 3



® ® 0 8 & iR B

F34 %

BEEA n, A HRE R AR BT S 05 L DX A A T 1Y
Wi 28 LA 0, AN H RS T B 2 S AR i S A
71 DRI 66 25— — X6F 0L | A L A9 £ 0 R UK B 8% 0 1 1
BARAB BA n, B n,,
PIE B 5 5% B/ Ry B AR 8 SRR 12 1 A A A
CEY
L=minI(H|[R",C']) (4)
H H=[D,R,CIHMEMRY ;D=[d,d,, - ,d,]
A5 L DRI ) B A RS T d=1 AT =0 43 3R
WA D, A TSR RE FORES  R=[r,ry, - ,r, ] I
FKAEP SRS W =1 =0 20 BRI R R,
BER K SNE ;C=[c,ca, -+ ,c, ) FHH 5 W7 I 25 Bk 1]
RAEM & e,=1 F e, =0 70 B R W5 ¢, Bk i F1
KBEIF R =[r},rh, - ,ri N5 R KR 9 S PR 4 (5
B C = el ch, el 1S € AHIL Y 52 BR & iz
FEmE ;D [R,CIM[R",C" 5 M XF I g B A7 T8 A
R R AL I XY R Z,
FRAE 2.1 1 i B a2 e S K B (B
PR oy fif AR IR NG 18 15 B E L AT g,
Io=lsi+ howso+ Lo (5)
Horr 1 O SE S R A I A A RS R Lo
Sha B T AR AR T 6 SR 2 I A A RS R L
S fFIE 2 M B,
DA A 15 4% TG B L BT A 47 R I 865 25 G s 1
PE RT3 B R i S F A IR — ki &
S MBI R RO 2 1) S ] W 2 =2 ) PR
TP 6 2% =22 1) %) . 30 AR sh 1k | DL RO [l 25 4 2
V1) ) Vs 5 18 4 2 1 S AR Lk S (070 T g
PR T Z R BRIV AT B AR
AR/ I R RN B R S R W E BBk R
KA R E BRI (6)—(8) i,

Lsi= ; I lossSLD; (6 )
ls2= _Zl 1 loss S2.R:(C:) (7)
]luss(l = _Z( Iluss.(j,r,'(c,’) (8 )
Iloss‘SLD,:I(XL:di)_I(XLZO) (9)

]lnss.SZ.H,(C,):I[Yi:ri(ci)| X:D*,
Yi=ri(er), = Ya=ra(ea)]-
1(Y;=0X=0,Y,=0,---,Y.,=0) (10)
Iloss@.r,’(e[):[[bo,bk;Zi=r§(cf)| Zi=ri(er), -+,
Zia=ris(ciy) ] (11)
Ho L, R RIRE RN D I 355 D, SR BIF
AR BEAK  hor o B RKER N b, T 12 X
PR AT D AT -1 AR (T AR )RS B R

ST R R (BB B )5 R IR 515 B ik i 2k
Doy BT LS Iy b, W LR =1 N E R A5
BRI 4 F B0 ri(e) SR B 3
o AR

Si b R B T R

n+n,

ny n.+n,
L= 21: Dosin + Zl losoric)+ z} Do (12)
i= i= =

e By L e
EPSS i

3 MEZHHRHERERKITE

3.1 MELHARAHEENENL

TEH ) RG2S B o 1 ] 3 O A
RS ) S B AR SR Ak fEL LR 9 T RTIRG B 25 1R FE Bl /1R
SR DL R A B T /15 AR SRR AR BT
TR0 A 580 e ) 5 965 AE 238 T 3 ek — IR % 1 AT o AT
w RATE | BT ELLE T — B ] ¢ 5, A R
V14 ABE 23 38 2 Il 5 0 i) B A ¢ PO A%

p(T<t)=1-e™ (13)

Horp T R £ S TS AT ]

e F SCHR[18-19 1 Fr 45 B9 B s oF- 45 & Fr iff
98 HL I R GE N SE PR B, AT A5 2 R P 3% B4R B0 /iR B
FVESR G/ 2 B 100 km 26 8% 105 R
4 0.098 , B A5 REL B FERE R 0.004 , RAPE T
T 5 IR A R 435 R 0.1 % .0.08 % , Wi % 2 4 1Y
T 4 5 R AR5 3R 0.08 % .0.05 % , P37 /W B 45
(RS B SR F 3% 1, fELRBS IRy A 2R
PrOnEE R 1 BRI ) AN RE AR PR SRR X I 2R R
710 45 B M R R AR 4 AR B3 R 36 /15 B0 1 A
TR E

F 1 IR R E ISR

Tab.1 Uncertainty index in fault process

/Wi as iR /9% IRSEE /%
2 B R 0.07 0.60
BEZR F (40 0.07 0.10
I 5 A AR 0.11 0.70
I J5 A PR 0.15 0.80
KRR 0.15 0.80
W % 7 0.25 0.25

B =0.5 a, AHOCEHR A WL ) R4
2007 4 & 2009 4F 4k HL AR G T B
32 EEMESIENFEREERK
O3 K, e 8 i A 150 4 JC OB, HL T AT DR 4 A
W % i JC S VEAE it S5 B ik iy SR e, X
B Y WA MR  F B R 0 A E
WA (5 R R (14) 15
Lowsn=1(X;=1) =1(X;=0) =log,[ (1-po)/po] (14)
b po i 5 MO 1 S g E
33 HEBRIPKEMEESDIEIENEEE
S
L ) R GE K R s O RO 4P 2z TR AN Ta] T %



%28 I

A T T P 2R 5 1 T B ®

i 2 8] DA B AR 40 T s 2% 22 10 B4 8 3h A sl =5 T
AR A B ST ) A9 An R a5 B B sl G I 1)
BB | SR AR R A T S Bl T R 1 Bh R
EHR AN JE TR gl HUA O R Sl A i A I D I 2
Bk ] T i A O R TR sl (B[R] — PR3 e B s
Bl AR B AS A Al S| R[] — £ B ol K R
IR sh AE Bl A5 8 7E BB A b 22 a) 2 20 1)
Bl 2E AR 3 FIBT S 38 22 1045 — 22 A 22 1. foil dn st
WK 145 7% 14 1 30 2 30K B0 A0 L A 2k AR B L IR 5% 20 )
9K 2 {5 BB TR P ) B ZOMR A | BT B 28 S 1E 5
EEFEERBA R SEP N RLCRESEAL, T
MR U A3 477 R0 T S 5 3 o Bl A2 g O R R AT R AT
FE UL SE Al b TS PR 5 AR S R TR B AE B
LN

a. BRP,

W R, MR D, M ERY HaEZE . A5k
%D, WOk ALY R, SR | X RE 32 A R A
AIRIR A

fr=d, (15)

M ) R Gk A R R SRR N ST B s AR
HiE AN 3 Fron B =0 RoR R WK,
So=1 RIS po, F p oy N AR IR B HHE Bh
WER R SCL JE A G R A R AR Y S5 B,

l—plo 1

0 0
fl 1—[)01
& 3 {%?Fﬂﬂ’lfﬁ’]ﬁﬁ*ﬁ*“
Fig.3 Information channel model of relay protection action
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Tab.2 Information loss caused
by relay protection action
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Fig.4 Information channel model of circuit breaker trip
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Fig.6 Flowchart for solving optimal
model of fault diagnosis
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Tab.5 Evaluation of fault diagnosis results
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Online protection setting assessment based on power flow entropy
MU Zongjiang',XU Yan',QIU Xiangdong®,ZHANG Taiming’
(1. North China Electric Power University,Baoding 071003, China;
2. Join Bright Digital Power Technology Co.,Ltd.,Beijing 100096, China;
3. Shijiazhuang Electric Power Company,Shijiazhuang 050000, China)
Abstract: It is proposed to sequentially assess the protection settings according to the importance of
branches for improving the efficiency of its online setting assessment. As the branches vulnerable to power
flow impact may easily cause fault and induces cascading faults after trip-off,the power flow entropy is thus
applied to assess the importance of branch. The possibility of cascading faults induced by the trip-off of
faulty branch is assessed by the index (), based on the power flow transfer entropy and the vulnerability of
branch to power flow impact is assessed by the index ()5 based on the power flow distribution entropy. The
product of Q and (@ is thus applied to assess the importance of branch. The simulation for IEEE
3-generator 9-bus system verifies the correctness of the proposed method. The distribution factor method is
recommended to simplify the calculation of branch power flow variation.
Key words: electric power systems; relay protection; setting; entropy; distribution entropy; transfer

entropy
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Analytical model for power system fault diagnosis
integrated with information theory

ZHANG Yan',ZHANG Yong',WEN Fushuan',SUN Weizhen?, WANG Chao?
(1. College of Electrical Engineering,Zhejiang University , Hangzhou 310027, China;
2. Zhejiang Electric Power Corporation, Hangzhou 310007, China)

Abstract: How to properly handle the uncertainties associated with the malfunctions of PRs (Protective
Relays) and CBs(Circuit Breakers) as well as the false/missing alarms is one of major problems to be
addressed in fault diagnosis of actual power systems. The Shannon’s information theory is employed to deal
with these uncertainties. First,a communication channel model is presented for the fault diagnosis problem,
and the action logics of PRs and CBs as well as the relationship among PRs,CBs and alarms are expressed
analytically. A new optimization model for power system fault diagnosis is next developed with the
minimization of information loss as the objective,and can well accommodate uncertainties from various
sources. Then,an improved genetic algorithm is employed to solve the optimization problem. Finally,actual
fault scenarios of Zhejiang power system are served for demonstrating the tolerance capability and diagnosis
speed of the developed method,and the diagnosis time is less than one second for complicated fault
scenarios. The presented method could be used for on-line fault diagnosis of actual power systems.

Key words: electric power systems; fault diagnosis; alarm processing; uncertainty; information theory;

incomplete information; relay protection; models
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