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Application of quantum immune algorithm in power system fault diagnosis
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Abstract: Aimed at problems of multiple solutions in the used optimizing models for grid fault diagnosis, an improved model is
established considering the influence of the reclosure, the different protection and joint influence between main and backup
protections. Also, quantum immune algorithm is presented for fault model in order to overcome many populations and slow
convergence of genetic algorithm. Quantum immune algorithm codes the chromosome by quantum bit probability, and makes the
populations evolve by clonal selection and quantum rotation gate, which makes current best individual information can be easily
extended to the next generation, so rapid convergence, small populations and good global search capability are the characteristics of
the quantum immune algorithm. Test results show that, the improved model is logical and quantum immune algorithm has better
comprehensive performance than genetic algorithm, which proves that the algorithm is feasible.

Key words: power systems; fault diagnosis; improved model; quantum immune algorithm; clonal selection; quantum rotation gate
HEES: TMT11

SCHRFR IS : A XEHT: 1674-3415(2010)10-0022-04

B, BB A, g, ST

0 3l5

Bt HL PR B RABOR, R i Ok R 2%,
AT HL 1Y ) 2 iz A TR o ] S ) SR ok
e — BRI, SR BAT I R A R it
SRR AR A S e S REA LR, 3 RS RV L
HL PR, SO0 R IR AR At T B Bk P
b, BYIFRE MRS R . 1L
K, W AAMEE R T AR R R IN Tl
W2, AR, Petri™, UL 9 4 )45
BAT RIS W, ERR IS T AR A HERE
Horb, PUEOR IS WAL BAT P8 (R 2 At
FER TR T AN IO SRS 00T
e 25 4 Jm) Bee DL Rl A e DL K 22 A T REFK 2 I &

PEAFEAR B2 B (1) a7 2 an e 2S48 24 1)
B UL AR
A SRR B A BB A2 A ) ] AT 5k, e sr
B H br ek BB AL, SR JE s & T S K
(Quantum Immune Algorithm, QIA) JEAT #f5E 12 Wi
TE sk ) e e R4 2 BRI LG, 2R B ASE R R v
e
1 WPEEEIAE ST
SCHR[6]7E SCHR[2] /0 JE Al b gt 57 1 H Dol g i 4
PR, BT R A R R AR LA L R AR
AV FRPIRAS G 280 H AR R ) L [R5, AR ik
7T ek, RIS U TR AT . (R R



T AR R 2 W R K -23-

MEORY S JEa ORY BEE TF BRI, XTI
R B R R A R AN e T, — A
et e T m A, A WS E I, A
BT bR . ASCAEBLIER b, L) H AR R B gr &
R8T A R, Wi s R RORY R, B
AN RIS ORGP AN R i AR = s %
P12 IR PR RZR H AR s B 3L R, T
W R R A R T HARBR B GRZERRED /)
PR fi)

ES)=w, -

n

+

n

Mﬁ

I .—r;Hl—rpi'r; —max(7;, -7,

]
—

7
. _ * _ . * * _ *
Wy D g =1 L= - )|+ * D 7|+
i=1 i=l
7 g
. - * - —r
w2 =+ G =1y ]+
i=1 i=1
nc
:
M)C.Z‘Jrci_rci
i=1
(1

Krf: SEARRG IO, S=0801 43R
AN TOIE I I SRR S s CRIC* 43 A 3R T i
I SEFRRESAIHEIRE, C=081 2 3 KR 2B i
T ¢ s P A B 1) B IR S s o R 23 T R S B
A BRI SEBRAR SR ERAS s il 53 KR
NG &R I SE PR SRR g Mllrg*
I3 RN 5 r ERPAFAERL G R RN IT )G A& IR
() S bR A R EEAR A s 7 Rl 00 0 RS BB A I %
PR R SEPRIRS R DR s ro Ml RoR 5
NG T LRSI EARES: nmy nps nss 1y
ngfn gy MR ERY, ITE&ARY . &5 &R,
T % 2 O SRR T S RN EE A R B H o s
Wps Wes Win walllwe 7 MERZR ARG, U5 &4 0R Y
WG AIRY, Witk as R R RS Wi A1 E A )6
A 5 R A TR I 1o DAL B P ST SR AR P L
HR[ 7]
2 ETRERE

TR HVEQIA) B T 5 s Sk A
A0, EERTENRERIEILR L, N
B LR DA T i, A5 AE A i )
Pk B R SR I T Rl E A
VRGPS 0 P e b AR S A5 7R
TSI S dd E AR B A X A sk i, A4S Fh
LR [ 5 0 R AL, IRl it 72

2.1 EFHwE

EFrUEM B 5L REFIEARE, &1
G g% FIE g AR e G S, et & ia
ATRERIME B, DUER KRR NS, — AT
A AR TR «

Iy )=a0)+ B[ 2)
Hrfe o p TR REEL, RORAHNARE MR,
WA T A 44
a2+ B2 =1 (3)
Rk, —ANEAEm R TR RS, o] LUE R
Font2zmANRE . HAIR N
alap oy
Q:[ﬂ1ﬂ2'“ﬁm} 4
Hif: jeP4gP=, i=1,2, =, m

K E T LR A AR R L R, %58 R A] B
H—A 07 FE 17 &, A ENEESNE,
gl 2 U LR A A 45— G A mT DL IR 58
EZANENE M. Hik, TR en 8, =7
G BV R PR AR AT A% 5 1) e e Sy RN st AL B
AN
2.2 EMEREIL

N TAET WS, SEREERIE— e 0~1 2
M), R b e i e A4 s 57 AR P AR - D S AR o 5
HAReRE Es) (L)%, B

1
ﬂwﬁﬁﬁ (%)
Yo B FE ) H )t A2 A HL o RN B bR e KAk
2.3 mEERET"

SOREIE PR A Y) e RGN E AL,
AFE = AR SolE, AR R R, wbE
TR PRI PRI P IR (P2R FIBE pR L %), H4
I —N B (ke X (k) SEBER T g MNMHIFIE A
x; ()X (k) » Zoid v [ A S R v Ik 4 I SR A 1)
Prik. vaBE ISR AE AR, TR IE AR I B
I, MRPESERBERIRAN, P2 — AR Al R,
WP K THRIEH .. S whEikPx—dfE,
K TR RAMER LLG > T A RANMARR 20, A
HRE Bk, Mkt 7 EE HE A I E
HFRE LS R T2 R A% .

2.4 BFINRME

T5t AR S A XORNAR S S A R S IR e
MZFENE, HETREFEeldE I MEHTE
T BN PRI, TR 2 R
MR BERAARFEFPIE I Z A6, B B i b T JEA
B B, ST TS SRR, Bk



_04. 2D EAEP DA

RPIFENTERE. — ORI E THERT] G R E
B SO R

£ ol T
laf 5] =G 1a. 81" (6)
G:[cos 0,  -sin6; } 7
sin &; cosb;

Horbs o p0T WREHP R EAER: [o5]
SLIE BT R T TR SR 0 BT TR
e, FERXHL, BT e A R E SR SCER[9] Y
Jiiks
2.5 BT Rk B kN B MBS IS I B B R A
PR TC A R A7 A A AN L AT A Wl T AP F g s
IR S = [, 5,0+, ] ot — LA Si A A i
(1 H b3 e BES) (A ()b, PRI, 5160 R 5
A(S)E L, B
max f(S)=1/(1+E(S)) (8)
TR0 b 7 S SV OR AT SR T R A R, —
APUEADFIE SR AR ) — A b A, IK B
—AZAHI . ab, = (ab),ab;,,ab)) €5, Wn

AT 55,0005, > WHUE @) LT it
TR RO RN

q{zﬁfﬁ}4+ﬁ=u=umuhﬁﬁwm@
Hofk LRSI EATBRFTRE, (EILIERL L, ¥
BT S S AHFURR SR S, LS

USRI R B SR AR, AT SEB B oo 1
M. HRASIET.

Stepl: #Ififk. WAL =0 ¥IkH1L
FHRE, W EmANPURTIFRE 00 = (9.4}, q,}» FE

i, gh G=1,2, <o, m) IFEER SR AR S AN P,

. ld ol N
gl =7 | IR ;.5
BB Bl
VIR /N2, 1/\/5), R —ANPufk pr ik (1) 2 4
AT BEIRAS I S MR8 0
Step2: X MK Q@ HEAT I B AR A5 5E IR R(2) »
R(t):(af,azt,---,a,t")Ty oo, a; (=1, 2, -

SRy m 1) BRI, of RO MU R
B AL » mfiE, Bl: Bl

, m)

2
G=1, 2, -

t
o

B A0, TR | M

AN AZEC “17, A IUNE “07 . 243 i 300 ks
LR R IRNAS D W R SUIE/ RGN =R NI Sa R =AU E /IR LS
INAIE LR

Step3: HR 2 (8)5% Fl L o B0 R(0) T AR
IRIEATVRA

Step4: FRH AR LA, 5 RAF I AR
SR, AN, REEEEHT.

R WEEFISETER LR

Tab. 1 Comparison of the diagnosis results among different models
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Tab. 2 Comparison of performance between QIA and GA
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Fig.1 Comparison of best fitness between QIA and GA
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