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Abstract: This paper proposed a power interference removal algorithm in weak signal collection based on particle swarm opti-
mization. It gave the system model consistent with BSS mathematical model by constructing observation signal artificially, and
uesd fourth-order cumulant for estimating independence of the signal, found the separation matrix maximizing the criterion u-
sing particle swarm optimization and then the power interference could be removed. In the process of particle swarm optimiza-
tion, transformed direct identification of the separation matrix into identification of a series of Givens matrices and reduced the
number of unknown elements, avoided the whiting process and reduced computational complexity. Synchronously, overcame
premature convergence problem in process of particle swarm optimization. The simulation results show that the algorithm is use-
ful in eliminating power interference in weak signal and the useful signal can be protected efficiently.

Key words: particle swarm optimization (PSO) ; power interference; blind source separation; independent component analy-

sis; Givens transform

0 35l

il

THTIEBR RS (5 5 REH I —IEZ A, HAT
TH R AT 0 1) A% 498 07 16 2 S 0 o D8 D D8 7 AR 1 i o 7
B RUFR A TIR B FIR B0 B 25 7E TSR B TR 1
—ABHAT QSR MRS S TR R A TR A, B
VWS ARAEDEBR LAY Rt 23 A IS 5 A9 )5
HRENS 1 S BRER TIR T IR AL, 1 3 TR Bkl a8 R AL,
ST PR A& DAY  HA B S B g e —2m . B
Xt TP BRI, A S-S AT 5 2050 AN R Y
Fo A R AR E S AT DR TR IR B e S
TS RSO A 5 B T 08, LUK BB THem H Y

ASCH N TR LN 5 A9 J7 85 i R GERRAT & H IR

Wi BEHE. 2010-02-25; {EEIHH. 2010-05-07
(20080710)

I ER R T P B ) BB 48 o 15 519 1 TR0 B 1)
AR, H VR S G B R B TR 73 B A 1R 2 ) B
HRAC AR - v Sef o REAE T Ha 00 8 5 IS P i 1 2
PRI, SR i e Aoy o) S HR B RE A T I R IO BB R
(BN fEL R B R . SO IS5 1 U SRR AR N 15
SR  FIDR TR AL 5 SR R AL 23
BTHERE, HESC L TR IR S = TR H Y,

1 fFERUEZX

BRI (PSO) B Kennedy %)\[2] T 1995 4ETT
KA Ty 125, R M AU) 5 R O £ 3 R ) — PR A RE SR
B, BRI AR R AR L, B B LS R A 5
TR

HEEWB.: BRAAAFALTAAB (60802049) ; R Z T HRAFLLIEELTHAAB

TEER N R F(1980-), B /b B LA, 3H0F M EAF R A, BT R T @ h B45 5 A %4kt 3 (13512999888 @ 139. com) ; 7K 5 %% (1963- ) ,
BoLmNA KR S L 22 AT AR R T 5005 A, 3 F (1980-), %, M E A BHIF WL, F 2T
WA BT AE R E(1981-) Kk LR BERA BT WL R A TR T A BE TR FaE T, 4 (1974-), % LB KR

SEE TR SRS YEE LSS Ay S



« 3264

it ooE R OB R

%27 &

PSO S8 1 AR B BIME 5 55 5 , S B0 22 4825 1] S L A
M8 AR, T8 PSO Bk v, A0k Ta) il p) v 7 i ) LLAR
J D AR ZR 23 6] B — A i FRZ KL T, R TR R A ()
A E R AT R EA B R RETE AR R AT
LUK BN S REH L, BB A — B AR pR R E 7Y
TENAE, HEHM H O H ATy k& A F P AL pbest FI4HT
frE XA B BUR R B S0 AT 8%, R B S S0 07
BBV S il NI S A 2y SN E N IR chis AU
FIA R BRI L B gbest, 3 1T LA O AL F R F A9 28
LA AV e YN ST LU 6 5 A L = R VAT W 1 B 9=
HINLE 5 A O P08 2 B AR Y RTALE SRR R S
b 1)K R SN QR Al S W VA W e AR R B S T )
AT Bl IS A RIS SR AL

PSO FHk MR AR . D 43 R Al A M Ak
T, A AR AL B v = (%0, 0000 ), BRIE N 0, =
(vt v, 0 ), TR RN NEREARALE N pi = (pa,pa, -,
pin) (i =1,2,+ M) HFA phest; AR FHEE R B 0 BEAR
WRICOLEN pe = (papa s pen ) IR ghest, AL FIRZAH
B

vig (0 1) =w Xy (0) +eyry[py =20 (8) ] +eora[ppg =24 (1) ] (1)

g (t+1) =y (t) +v(t+1) (2)

Hopi=1,2,--M,d=12,--,D;w ABHEH T, BIEGEEG

e M, MIERIZESIHNF,—ft ey =, HEFO ~d4sr M1, A
TL0, 1] AIBELEL ;0 o ST #EAL R

2 BRESBHEKEE

B R B AR A RS S5 WA SO HLE TR 5
RIS LT AR — 4 E RS 5 TR A 15 50k
AR IR S R o ST AR X 43 5 (R A T 5
SV CINE TS P =

FEE TR B IR WA 5ok [ — AR IR i s, 3L
MRS R 2 R 5 5 — 4R G . TR
554k AR 15 508, 4 A IR 15 5 Z 18] A Bk S
9, BIACHTEER [ K MG S IR G S (5 5 K B s(1) =
[50(0) 50 (), s () ] Ce=1,2,-,0) , UK M AL 2
Fd x(1) =[x (1) 2 (0) oy (0) ] —FRAGBL T IR A S
LRPERBRIT Y, B M = K, RS R FR N

x(t) =As(t) (3)
b, A IRAHERE R, RS B0 B R TR
TRATERE A WA M W, IR RIS 5 s (o) BT
y(1) .

y(1) = Wx(1) (4)

TCA J7 IEAEG 1 37 M ) (B 18 T X UL 32 1) 22 BT &
fH ST, DUINA o B B S IR A 5 h ik
SEIRAE S, ST A BRI 3 1 2230 38 15 54k IR g -k
S T o A B A0 i R ST A A R TR S S
it T LSS E (5 S B g, BT 2 BT 4
ZARIFEE  RI 1CA 553 (informax-ICA) ) 5 44 1CA
B (FastICA) e /NHAE H. (minimum mutual information ) 54
W R

3 ETHFEMAUA TIHTHHERRE

3.1 THFHERERREE
T DX DXCSEAR IR PR v AT M R A SR A I UL 3
AR S PR EAL & AT, ™ TS SR AR RS 1) S5 e A
P R SR AW S0 Ha TR P 2 e
iz — " A T TR RERG SRR R
w(t) =ays(t) +ap,r(t) =
ays(t) +apA sin(2mfyr +6,) (5)
Horbrs(0) MAERGES 5 (0) TR TAE S S8 A6 53
SR TP A3 W B AR AL 8,0 5 an AR IR B
B T R R T A FIAR 5 R0 AT P A2 S P
PRI AT 223 B A3 8 AT T T T R
AR FT TR X 5 Y 18 T et S R T 37 ) L 50 , 1)
GBI BRI EANRE IR B BR T TR H Y, 2R
By E i e RS R B & T TR T S
H 3 AWM 2" (1) = ans(1) +anr(0) VENE RSB
H—HEIA . ABLESEPME TR R TEAE A AT RER 2 A
— 2N PR, SR SR T B IR0 B Y 7 25T BR T3
T, AR E HARIN (55 . 0T s (o) RARFNAY, 1T HL T30
FHAF SR, L (1) = A sin(2mfor +6,) . — &N
U, TR AIRJE C MR (D 50 Hz) , 80A] RIR AR
Iy kAl ok, AT ARE SR 14 ] AN TR IS5
x(t) =ays(e) +apr(e) =
ays(t) +apA sin(2mfyt +6,) =
ays(t) +apA cos 0y sin(2mfyt) +
a,A sin 0 cos(2mfyt) (6)
A an =ay ,an =apd cos 0y, a3 =apA sin 0y, W x (1) A] R
N
x(t) =ays(t) +ap, sin(2mfor) +ags cos(2mfot) (7)
A LU S A AR RARAL I T A5 5 AR iR AR £
T A IEAC S T P52 R IE AR5 kAU
PRI , AT SE S A3 53 AP 5 7y (£) = ansin(2mfor) Fll 7y
(1) = ass cos(2mfor) , F&5A THT I RERSILFAENE
BTSN B I S S s (1) o HBCABIRIZROR N

x(t) an ap a [ s(t)
P(z) :[0 an 0 {sin(zqfoz)}
(1) 0 0 az - cos(2mfyt)
o]
Ax| sin(2mfyr) (3)
cos(2mfyt)

BN R 6 W 43 25 1) =N RAE 50 x (1) | sin (27fot) | cos
(2mfor) , =AW Z 0 x(0) i (1) oo (1) IRAFEFEN A AF
G RBEITEBCARIEOR . ARSCR A TR RE LA
XA B AERE WP AG T SE MR AN & T T IR s
() Pk T y (o), BIATSEBT A T4 AT B
3.2 EFRFEANEENS BEREGT
BERLAE S A DU B SRBREE (U ) 2 B B AL S AR v
S0ir e 94 i 7 PRI Sy A8 A0 T L 0 B A 8 114 3 7
JIE RS, SR 5 R TR AR AL 12 SR B AR T I B8 e R 43
BOARRE Y SRS TR TR AT



%9 3

T A TREFELANY TR THERIE®

+ 3265

3.2.1 A RHMBIR

TEMEAIE Hp, s PR o e A ) BB R 4 B2 5 i
L3R L 2 B ) 56 2R R i Bt ), (HL DTSR SR 9 0 A O Al 5
H o RPN EH X RO AR i AL e S Y
e, TR 1 A — S e | FLA L A

ARy IS EE kurt(y) 7T AR

kur(y) =E[y*] -3(ELy*])? (9)

UBERTIE AT B, RO TR A R, RO I R
L ZON RS T SRS x (o) iR
B Wi(o)  SEHAEEE oAb G R 5 ) slidne/ M O w8
) RIS S

FEFI IS S REA B S 52, AR5,
BRI BE TG 1 % H R T IE A B 7 32 P 1% 24 X
A R A3 T E S B

J(y) = B kan(y) 1= 3By ] -3(Ely2 D (10)

HT PR 2R3 A9 SCRI 5 T R0 i A DA o i
M RTHR A R M, BTS2 ELyy' | = 1 AR AF
SR B AL H AU B I s 6 2505 | A H RO AR P A 1 4
e, AL H R T REREHLAL G (8, RAFRREAL
AR R I E RN AT ; AL EAR 9 B BRI LR LAL B x (1)
LA y(0) = Mx(1) (M9 AR RS ) |, (45 BlAL2E 6
WRE Yy 1 =1, HELyy' ] = [ WZRF, X FH—I s
W, J(y) RSN y, 2 6] kS MR
3.2.2 Givens 4% %

TEAR DR B IR0 B IR, — R A5 5 g5 B %
BEPRRAE L, SRR B IS S . RS A noxn 4E
i BRI IR AL BE WAl nox n 4, JERHITE B o’
A TR R A IR, I ELAER U B A o i e {5
SASIAERBRIERS BRI T (y) Z AT, BT y BTG iR
FOEAGARAE . AT LR A X A TR R e A B DL 8 i v — 2R 91
Givens 4B FEAYHER I EL " W S0 ot AR 10 R HHI 9 5L
AR I A,

WRIGSCHR[ 16 ], WIS S I Z M 07 J5 22 1~ F-Ae ke Dy
BENLEE S IR R AR S W . B e AL RE M, Al

z(t) = Mx(t) (11)
TSF 7 2
R.(0) =2(0) xz(0)" =1 (12)
H=(3) i1
2(t) = Mx(t) = MAs(t) = Us(t) (13)
YHRERE U T QR St WGk
z(t) = QRs(t) (14)

G QR /RS, Q MIEZERE , RN =i, BT LA
R.(0) =z(0) xz(0)" = QRs(0) x [QRs(0)]" =
QRs(0) xS(0)TR'Q" =
QRR,;(0)R'Q" =1

HR B &A1 R, (0) = 1,0l R.(0) = QRIR'Q' =
QRR'Q' =1, N Q NIEAKE, FTLh R A IEA M, MARYE
QR 7 Be, R B =MW, Ik REEXTAITE N +1 8¢ - 1
MRS FRE . TRA R

z (1) ki s (1)
2 (1) _ by 55 (1) (15)

2, (1) k= s, (1)

4% QRAMEMIE U= QR Q=T ' (T ZH R4 Gi-
vens FiFERTRFR) , 20 (15) FiHh
2 (t)

2 (1)

2, (1)

Lt (s (1)
k s, (1)
7! 2 ’ (16)
ks, (1)
153
(1) kyy s () | [ Rusi() §(1)
z’z(t) _ b (1) . lfzzs:(m _ 8 (1) an
z,(t) k.. s.(t) ks, (t) 8,(t)

ki=x1,i=1, n, MR AFERER R RE W AR R T
HEFE, TN n BRERG AR e R 6,
T=T, ,xT, ,-~-T,xT (18)

/ﬂ\:qj:Tl = Tl,n XT oo T3 Th=T, , x Ty g Tz,s;"' H
Tnfl,no

AR A5 & I ( Givens HHEFF ) AYE SC
[1

) 1

cos 0 sin 0

. ()
T, = : (19)
()

—sin 0 cos 0
' 1
- [i] [/] -
AL, BEHRRAERE W C 3 BN n IR RIS T,
Th C, A Givens JEFEMIFRBL, A4 Givens HiFE LA — A
HITCE 0, UL, B 0 x n AREITE I TSN BER C,

ARMTERI THE, TR H A - ¢ =2 A 5e

3.2.3  BH B B AN BRI
WA EH T B AR Wt T S80S, it = B 55
DEFF4 5 WA B FERG R 3 x 3 R G

W=

Wy Wy Wy3

w3 Wz W33

FRAE 73 25 FEREAT B R AR T i R (010,010,015 , 103
W3 Wy W3 4103 |, T BRI R AT RN ECR 9, AV REASHL
FIAEELD =9, NIRRT AR, i PR RE R Givens
BEREHERE, Y n =3 B3 I HIE T=T, x T, =T,5 x T, 5 x
T SR Givens HEFER)E X .

1 0 0 |
Tz,s = 0 cos 0, sin 0,
L0 —sin6, cos 6 |
[ cos®, 0 sin0, |
T.= 0 10
L —sin 6, O cos6,]



« 3266° it E o oE R AR %27 %
cos 6, sinf; 0 W, E REARUEBEE S 50 U, 43 B AR AN 3 s, T,
Ti,=| -sinf cos6 0 TR HEIC AL AT T BRI A BE B B2 IR A T R
0 U 55,
ZE 5 5
1533 m; b - - B !
} o | e L
1 0 0 cos 0, 0 sin 6, Y o ;
. "0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
T=| 0 cos®  sinb |x 0 1 0 X (a) (b)
0  —sin 6, cos 0, -sin 6, 0 cos 6, %;
cos 05 sin 0y 0 -%0500 1000 1500 2000 2500 3000

—sin 0; cos 0; 0 (20)
0 0 1

XS I AR 2R [ 6,6, , 05 ], RIRES LT RI4ERL D =3,
AL R Givens JiEE A2 46 189 75 125 T LAAT R0 E 7 53125
HHORL T AR, S A AT PRI R o R SO AR R R
RASNG: . IF B RS R E IR B B JBUR (5 5 2E 47—
RN AL B L Al o R B AR Y
BRI TEA A T A AT A AR T DT KR8 s B4
3.3 SEHA

FETOR TR0 AT R BRI i) BAAD BN .

a) MAE (6) ~ (8), #93& I3 SM WG BE WL I A% 5 ry (¢) FI
r (1),

b) Xt =B w(e) oy (o) Ry (o) AT IR AT RO
(o

&) WIEALRL TR, BERL™ A — B AR T, B0 R AL kL T
AL RS ShEE

e) M= (20) 73 2173 B AR I TR 480 (17) iH 5 IS
ST S ARYEEC(10) TR AR IS R

£) P BRS04 21 FIE 0 B 5 G A B A dre DR ik
A7 HCH, NS T A e DAL, DO 2 i 7 Ry SOk 5 11924
BB AL B phest ; A1 JHG 21 17 1 7 P2 (RLAR AL T 24 1T 42 Jm) B G
(L, DU A 2 i o o A R AR A 4 SR B D2 B gboest

g) B (1) F0(2) BB AR (0 R 5 2 Fi oz, I
FLEATRREITE—E LN

h) GG AR 2 1k A DUl s IR ] e)

4 (FEXBESERESH

K1 MG S TR
EAEA SR A, S P A T =
5%, A 1 B, KA T 5 r (1) =sin

(100ms + ) 84 50 Hy TAR TR A0 bz (=2 e 2

4
B,
S | 5 il
EO | lI i e e %0 | .*:;fpﬁ';‘ﬂ'ﬂm
-5 500 1000 1500 2000 2500 3000 "0 500 1000 1500 2000 2500 3000
1 FRBEES B2 BE AT R REES

(100m2) ,r5 (1) = cos (100mme) , I 55 TH TR HL R A 5 —
A E B = A .

KHHET Givens HEFEASHLFHLE) PSO ByLIE T4 B J R
HfliTE . PSO SEM A IS HE &l P E A 30, kL 14k
D=3, 4k P RFIFEL -0.7,0.7],¢0 = ¢, =2,
PRI 26k R ) 0E[ 0. 3,0. 8148tk FLIZE T 20

c)

B3 R TFEALAITEN R DT IR B u E

Kl 4 N BREIBAT 20 YCHYF- R B st £k, ad it &
LR R UGB AT AR FE AT TR BRI, S BE A
B, A H B BB G2

1 R SCRIEAT 20 OGBS R (G 5 5
G HUAZ AR5 AR R AL IT A G R B D) . R
LA SR AS SCEAE A 19155 5 IR 15 5 IR SE R 8L
H3k%00.999 9 LA b AL ASCE B AR SR A T T 1T
BRACR , X IR 55 HA B IR L

R WS SRR LR (55 M9 AH 5C R 5L

] KR 5 LSS

1 0.99996413333824 11 0.99996597172512
2 0.99996411440033 12 0.99996396912221
3 0.99996398349163 13 0.99996383781619
4 0.99996398143072 14 0.99996406340748
5 0.99996408032759 15 0.99996407861791
6 0.99996395599362 16 0.99996413559881
7 0.99996403510884 17 0.999964 14413497
8 0.99996398195681 18 0.99996403282856
9 0.99996415846994 19 0.99996396971187
10 0.99996752936119 20 0.99996413352472
K2 OHUET AT IR

SHISAE AR XU HL 5 b TR I I A S, S
HdEiE [ 3 E MIT-BIH S8 6 b .0 L5 5 100, A A

LTI THES r(¢) =sin(100m) + %‘H) ,f%?u@,é\ 50 Hz T

T OHRAES . RAA SR XA T o fE S
AT TR PR BR , 5 2RO B R 5258 1, RIEE1T 20
U RIBAUCEAREE R 50 U, It DAL S JRA T
O HE SR B AR NI 5 ~ 7 7R, AT, B TR
FEUCAL I TR T BR R R U 1A R DB fE =,

11.85 10,

= (0 I O O Y

1175 » ol cil et can o o
m 1q7h 0 500 1000 1500 2000 2500 3000
;%11.65» Es5 BFaosEES

11.61 10

11.55H s | | 1|

11.5 Py Y P P e I L

051013020 % * % 0500 1000 1560 2000 2500 3000

B4 RTRAGEIEEIT20KE E6 BELHMTRO HES

S35 38 O P WS 2
2 : — 10
L ||| | ]
lg_l EO S P () PR S SRS TN [P R B
_70 500 1000 1500 2000 2500 3000 _<0 500 1000 1500 2000 2500 3000
(@) ®)
i
=
0
By

_20 500 1000 15(()0) 2000 2500 3000
c

K7 BT R 7 RN R AT o OB
2 BFRIASCE AT 20 Y7 FOM AL 100 155



%9 3

T A TREFELANY TR THERIE®

e 3267

5FIG.ORAE S AR B (T A M RECT B ) . 3
TR LA SR A SCREAR R .0 f 5 5 S R AR 15 5 A
KFRHFEF)0.999 9 DL b, AT, AL X O HLAE S B
A ARG TR TP I bR A B A

F2 PR SRR O SR R B

s BN P LIPS
1 0.99999859328890 11 0.99999858422010
2 0.99999858019034 12 0.99999858774065
3 0.99999857671491 13 0.99999857021049
4 0.99999859986169 14 0.99999856939976
5 0.99999859705296 15 0.99999858451002
6 0.99999857248732 16 0.99999857030801
7 0.99999856861435 17 0.99999857273840
8 0.99999858295986 18 0.99999858749690
9 0.99999859970136 19 0.99999860025378
10 0.99999858592779 20 0.99999860034837
5 HRIE

ASCEF X 5 5 R AR AR rh Y AT B Im) &,

N TAE B A5 1 T 12, i R GERERIAT 5 1 5 40 25 B

RUBER 4 TAR T BR R4 A 5 5 5 o e Il ) kL

FREACT R SRS 20 B8 B R A R 43 2 AR R, S 1T

SEHL T IEBRIEAE S TR R B, TR TR AL

PSR figpcd A v, M) P X6 3 88 R 1) B R R 4 S — R 91

Givens JEFEHRFERIHHIT B I TXERMIT R HHR R A

R TR R D7 FLAE IR T RA A R, B

TARBERA DT O TATPIHBRERE LS R A A T

S0k

[1] REE AWEFHEAZFTLE[M]. S, PEAREKFHR
#£,1999; 441-442.

[2] KENNEDY J, EBERHART R C. Particle swarm optimization [ C]//
Proc of IEEE International Conference on Neutral Networks. Perth:
[s.n. ], 1995. 1942-1948.

[3] SHI Yu-hui, EBERHART R C. A modified particle swarm optimizer

[ C]//Proc of IEEE World Congress on Computational Intelligence.
n. |, 1998.:69-73.

Anchorage, Alaska:[s.

[4] TICHAVSKY P, KOLDOVSKY Z, YEREDOR A, et al. A hybrid
technique for blind separation of non-Gaussian and time-correlated
sources using a multicomponent approach[ J]. IEEE Trans on Neu-
ral Networks, 2008, 19(3) . 421-430.

[5] SUNTY, LIU Chan-cheng, HSIEH S T, et al. Blind separation with

unknown number of sources based on auto-trimmed neural network
[J]. Neurocomputing, 2008, 71(10) ; 2271-2280.

[6] LI Shu-jun, LI Cheng-qing, LO K T , et al. Cryptanalyzing an en-
cryption scheme based on blind source separation[ J]. IEEE Trans
on Circuits and Systems |. Regular Papers, 2008, 55 (4 ).
1055-1063.

[7] ZHANG Hong-juan, SHI Zhen-wei, GUO Chong- hui. Blind source
extraction based on generalized autocorrelations and complexity pursuit
[J1. Neurocomputing, 2009, 72(10-12) : 2556-2562.

[8] BELL A J, SEJNOWSKI T J. An information-maximization approach
to blind separation and blind deconvolution [ J].
tion, 1995, 7(6): 1129-1159.

[9] HYVARINEN A. Fast and robust fixed-point algorithms for indepen-

Neuralcomputa-

dent component analysis [ J]. |IEEE Trans on Neural Networks,
1999, 10(3) : 626-634.

[10] AMARI S, CICHOCKI A, YANG H H. A new learning algorithm for
blind signal separation[ C]//Proc of Advances in Neural Information
Processing Systems. Cambridge, MA; MIT Press, 1996 757-763.

(1] =, B kAR, F M RESEEHIRLZ T EmR[]].
7 i 3 4 ¥ 8H3R,2001,36(2) :173-179.

[12] 3 #. BIMFHREGRRE Frkik[]]. &idhig, 2003,
42(2) :154-159.

[13] A#H. s o5 F LM FHRGHERLI].
2003, 22(4) : 61-64.

[14] 203, BXR%, AWME 5. RARZ Sy E0TF7 X BRES
ey T[], P BAH K F FR, 2000, 30(6) :671-676.

[15] #fh . ATETHILEPOHITENERIBHAMEL[D]. X
JR. KR I K, 2006.

[16] ZAai=, #pAl. AT QRS MEF 2T X a B HE[]].
it AT A 2003, 29(17) :55-57.

AMEFIRFR,

(L35 3258 )

[8] AKJIRATIKARL C, YENRADEE P, DRAKE P R. PSO-based algo-
rithm for home care worker scheduling in the UK[ J]. Computers &
Industrial Engineering, 2007, 53(4) : 559-583.

(9] T&, R4, 24, F. ATRGBETHILZNBERE LA
FERERALI]. PEA EEEF R, 2008, 18(6): 1152-
1158.

[10] BERGH F van den. An analysis of particle swarm optimizers[ D ].
South Africa; University of Pretoria, 2002.

[11] DEB K. An efficient constraint handling method for genetic algorithms
[J]. Computer Methods in Applied Mechanics and Enginee-
ring, 2000, 186(2-4): 311-338.

[12] TAKAHAMA T, SAKAI S. Constrained optimization by applying the
o constrained method to the nonlinear simplex method with mutations
[J]. IEEE Trans on Evolutionary Computation, 2005, 9(5):
437-451.

[13] CAMPONOGARA E, TALUKDAR S N. A genetic algorithm for con-
strained and multi-objective optimization [ C]//Proc of the 3rd Nordic

Workshop on Genetic Algorithm and Their Application. Finland

University of Vaasa Press, 1997 . 49-62.
[14] HIMMELBLAU D M. Applied nonlinear programming [ M ]. New
York: McGraw-Hill, 1972.
HOMAIFAR A, LAI S H V, QI X. Constrained optimization via ge-
netic algorithms[ J]. Simulation, 1994, 62(4) . 242-254.
RUNARSSON T P, YAO Xin. Search biases in constrained evolutio-

[15

—

(16

—

nary optimization[ J |. IEEE Trans on Systems, Man, and Cy-
bernetics, Part C. Applications and Reviews, 2005, 35(2):
233-243.

[17] MING Yu-chi, KIM J H, JO J. A population ecology inspired parent
selection strategy for numerical constrained optimization problems
[J]. Applied Mathematics and Computation, 2007, 190 (1) :
292-304.

[18] MICHALEWICZ Z. Genetic algorithms, numerical optimization, and
constraints[ C]//Proc of the 6th International Conference on Genetic
Algorithms. San Mateo: Morgan Kaufmann Publishers, 1995, 151-
158.

[19] AFA, Futh, 25, 5. Pareto 3% EALEALTE = KB R
AR A[J]. SR, 2003, 14(7) : 1243-1249.



