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Stability Analysis of Particle Swarm Optimization Algorithm and its Improved Algorithm
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Abstract The loss of population diversity is an important reason which leads to the premature convergence of the PSO
algorithm. Therefore, the stability of the PSO algorithm based on the linear time-invariant discrete system was analyzed
theoretically and the possible reasons of the lack of the population diversity were discussed in this paper. Based on the
stability of the algorithm, an improved PSO algorithm was presented in which the inertia weight factor value is got ran-
domly within a certain range and the leaning factor value is a constant. In the algorithm the population diversity can be
maintained by the character that the particle speed has certain probability. The simulation experiments of three con-
straint optimization problems show that the algorithm has great probability to jump out of local extremum,and avoids
the precocious premature convergence effectively.

Keywords PSO algorithm, Linear time-invariant discrete systems, Stability analysis, Premature convergence, Population

diversity

KRR 5 (PSO) B—FhE T RHAE BRI BEDLE &
AMREE M —MEAOHTIRACE R TR TR R
RGN AT B AN R, T BB BT A 5
SKILIRI . TR BRI S UM >, B T R AR R, 37 B
BLATFENERMT RO, B, AREHEERALE
B—H PSORRAS - ERRR . 2 /RS iE2EH
IR .

BRSPS T BR G AR IR E T LR 2R
. HRIZEENI B RRAR RS FERE - RN
PBERESHERRFEEES BARRREATG S Z LR
et . ERE 2 E B SRR B R
BB, AT IS B 2 BB LR . SOk 2 il BRI
5 B AR R HE R FRE (9 2 A, AT SEBURE T 18] B IR 5 1 A
FF o BOR S B B9 BB SCIR U3 SR A B SRR AN RO BIOR
LB HAER BTN SCR4 R M 2F 8 PSOBE, EE
2ok 16 4R UL T2 T R R AR FE A5 8 B » M TG 1 ks Y

RS B #9.2012-05-30  3&4% B #5.2012-09-20

SRV A SRR 5 A A B B ALIE S0 R
FHIMGI AR K g BN R T A — BN EAE R
BRI, R ARB ARG ERE LRR TR
R, (RS PSO B AR EHHIL A S, BILE
P AR AR LB

A CAERIE R BB ARL T X PSO B pfs e i ik
M) FRAFFE T PRSI B IR HE S, B I T PSO B EE /I
SRR BUME B 2% FE ML EERY b, 38 T —FhltE 9 PSO
Hik. BEEEN R TR —EBREBORGRIFFH
RS, NTRIR R &R BRMERIGET .

1 PSO EEHIErEE

PSO B ki 1 BREF A AR (E K 2 R R R E R AF = 18]

BB, E— S A 8 R F R EEHARRS AN
Vi+D=aV(@) +arn (D P, @) — X)) tear (D (P,
@O—X@) ¢y

AT EFH MRS E (BHAL00068) %8 .

SNBEC1959—), B i+, B TR , L EBFS 7 I - B HLM 48 57 » E-mail : zhuxm@elec. bnu. edu. on; SEMEE(1971—), 5, 8+, ¥, =

EWR T B IALE EMEBE.

+ 275



X@+D=X®O+VQe+D 2
K, 0 HEEELFRIMEEF 57 e K0, 1] ZEBKE
VG RBENER T, REERUNER (. ITET
PER RS, B p@D=cr (@) g W =cr () ML FHIHEE
KO RER

Vi+D=w®V() +a (0 (P () —X()) +¢ (1) (P

@& —X@» &)

2 (=g (1) +¢ (), BR[O IXF R (D) K (DR MAE

e, 4 PSO B H: OB 7 8 BE FA E AR 1B A XU B iU B T

A
I:V(H-l) :l_ l:w(t) — o) :] [V(t) ]+
X+ w@® 1—p(dLX®
( ( P.(»
|:5o1 D @ t)jH: ¢ } n
0 () @@WILP(®
V@) P.(® () —¢®
iﬁz<t>=|: t],P(o{ },Aw:[“’ # ]
X® P,® () 1—g(®)
) @®
B(:)=[‘“ # },muiwmﬁcgﬁsz:
o @@

ZG+D=AWZ@®+B@® P %)

BR,AGB—TRENTERREWBEEA, B
EARERY PSO HRL T3 B A0 s B AR A R AL LR PR B AR
BHARGHECEER,

B8 w(0) JP: (1) Py (2) vn (8) vu () B R AT B AR
ARG B

o=@ ,g=g ),

= (D +@t)=g t+@;

P;=P;(t),P;=P (1) ,wo=w(),

A=A(t)=[w _¢],B=B(t)=[¢l @];

w 1=¢ o @

WRG) AN TERREH A AREEFERRSE, 7R
W

Za+1D)=AZ(t)+BP (6>

% p=ﬂ%@—£‘,y(t)=P_X(t),ﬂﬂﬁ(4)?§’3§7§l:

[V(t—l—l)]z[ w ~gp:H:V(t):l D
ye+Dd Lo 1—glly®
. [e —¢ . _[V® .
4 A _[_w 1_¢],z —[y(t)],ﬂufmmﬁawa,
ZrtD=AZ* @ (€)]
WA
Z* (O=(A"Z* (O )
B R A0 WAEETR AL TR NI 5N
FO=2+(o—1—wi+w (10)
R+ (p—1—wA+w=0 1D

2 BEFEUEEREAGNREREST

MTFREEEERRLE REHEEH L RFERER T
T Ay B [ R R B R SERE MRS DB AR M
o 276

RFFFEZ TR B GQAD), BEERES A Bk
EARD «

= (oTl—@)+ V{wtl—e)? 4w
’ 2

Ar 1z

SHEFBHAEREEN I BREMR 0. <L,
B

| (wTl—+ Vwtl—@) —dw
2

<1 (13>

BAFERXRAD, Bro<2wt2 Ml <<L;A p=
ﬂ&%@_&’ﬁﬁgsp>oo

TR ABARTARMEWEHALN PSOBHRNRENE
FIE R ER 1,

TE 1 ETREEWEHASK PSOBRMRE R
BARME:

0<g=2(w+ 1 H—1<w<l,g>0 14
B BT AT, Y — << B B TR EHEREA
i PSO BpREBIT .

Y 0<g<2(w D, Hi R K BIRY0 ;
W 0<p=2(t+ D}, B RIEAIRER;
¥ o>2(wt+ DI, B ENRENBIERD .

3PSO HiEmu#

SCERL 10148 Hi 5 24 /5 B AR 1 A 30 A K TR0 F 24 AT A
R TCA TR BE R A S FE R PSO B R T — B
ARERER SRR R E . XEGRHE PSORERES
R AR B AR AL X SR AR A LA

WM FA PSO By i (D F BUE Y, B 75 B W 8oE
BERBFRITEEVORETFREEAT OMIVGEFD >
[V | MR/ NEE B IRA , SRR & SO AT A AL T I
Pl , AR TR e B 1 R AR (B X 3, X & PSO ik 5
A RBBW SR ARE.

LR FRATEEARRER, [ VE+HD (> |V [ ER L
BR R F ISR, B TR E SRR, PSOB R
EHHREEGE N FRHEERA —ENBRENE, T LIE
PSO B A R AR B R PR E X .

SCHRL2 42 4 B9 ARPSO B 3L MR8 — & WP H AR R A
WPRL F G PER R/, RIBPERIBR MU R 16 AR/, BE ik
BT R B R FEETAFEMITERZERTHR T
BEMMEEAARMITER, AR AEH.

BRR T A R R R B, A RERR TSGR
BRI FEE AR RN ZEE. RE LREEEHER
RGETH PSOBBMBENERH, Y ¢>2(wt DL, B R
ARER.EBN.

PRrER) PSO Bk R MR ERE RS, N T i EERIET
TRIEREERRLE, Z LR E—-FHRENERFE—EE
BNEIBEF A EEEIETHBIBE (M a.e
BUE %O Wy skt PSO Bk, Frz 2 WPSO B8, Hd 8 7
ARUWF .



Vit =Vt (P:() —X@))+c: (P (2)—
X@)) as

() B— T E W HIREILE , A — B R o> 2(0t
D, X RERF B A T AR A TT BB A . fR 9 T R RY
EREE,

RO T — R R R ER F o BEHLEE R PSO
BRI AR T HITENE, BREE o .o BEEHLE, B IR EERR
ERTH AR,

T WPSO B8k, — R, (DB HEE E(w(:)) R
EWRE a+a<(E00+D) H-1<a()<1,WPSO B it
RARER KA ER .

BN, 2 () FE 0.5 F0 1. 0 Z G BENLEBUE, ¢ +c»=3. 4
B w(OVEFE 0.5 1 0. 7 Z B BHEER K 40%, leAt WPSO
R RER R (O FELE 0.5 F1 0. 7 ZRIBAEE R 60%,
MR WPSO B8 AR RIS

B—MEESEH () =z FEE==EEL—100,100], %
FERH 0 MRSHIMUBEETREEEBRRAKENHPSOHE
B FRMER PSO B 8 WPSO B B: Bkl F BRSO E Bt

MTFREEHBERARLEN PSORE M 0=0.7,¢.¢
HEEH.

YR =g +¢<<3. 4 B, PSO H ¥k 89 BT A B T #R U 84
YU o=+ >3 4 B, TARTFHMER: Y o=+ =
3. 4bt R TR EAN B E LSRR ED L #, RIFE
K, BE A SRR RGRE, B T E KB
RYL X FBRERE., MILBR— R F. ERARE
RETFTHEEAMENEAIEOE 1.8 2 fizs.

1000/

50 150 200

SRR
B1 Y o=2(wtDBERFEEEERERL

2 3 g=2(w+ DEPR TG BB
XEH: PSO %:?2‘? vﬂ w=0.7,c1=c;=1, 79.@% tp=2(w+

U HEA R R R I WS, B — R T, BB AR
et BN 3 FrR .

0 0 0 T80 20

B3 PSOEBE—MRTHEERLTE

XFHF WPSO B8, 7E 0. 5 1 1. 0 Z [ BEHLHBIRE, B o, =
e = 1. 7, S BEAL AR — VR T, H R AR b ad AR A
4 B,

1500
1000
50
2 ] R —
500
1000
~1500 i
20005 % T 150 200
HERKH

B4 WPSOEK—MRTHEELLIE

B 3TTLIE H, PSO B ok T ISl Bk HR 78
AR R T 88 1 1, A SR S AR E AL R R 2
WA RARILIL R, RA S B ARRRE, 55 3R R
RHBSR HR LB RY PSO H LA G KRR 1L
IR

B 4 ATLUE 1, WPSO BHoh 7 B O3 BE LU BeAG ,
FHBAOBRER, BIVEHD [ > |V | R ILEK,
PRl o PR AR (R, FE IRV E IR P R A BB 1
BIRA BB R BE R B AR AR DO, (HLR LB R W7ok A 2
BRAEH AL (] B B, 2 TR A B SR AR R, SO 2T B 1L
PSO 2, e WPSO B 8 A3 A 3R A B AR (B B0 AL AL 9, 3
AR 2 MAERAL AR

4 HEXBRESH

AT IR WPSO Bkl 2R AL R B P AR
THERMA 3 AR RSN E, 5 HER
R PSOBEMHEERE BN RIET L. WPSOR
BESESEN TR m=20,0,.=1 7, 0K K K=
200, BEPLIBHE B R w(DFE 0.5 F1 1. 0 Z[RIBEHLHBUA .

FRE 1 Himmelblau BFELR LR AL AR

Min: f(X) =5. 3578547x3 +-0. 8356891z x5 +37. 293239z,

—40792. 141 (16)

s. t. g1 (X)=85. 3344070, 0056858;x5 +0. 000262, x4

—0. 00220533 z5

g2 (X) =80, 514290, 0071317z, 25 +0. 0029955z, z
—0. 0021813,?

g5 (X)=29, 300961 0. 00470263 75 +0. 0012547z x5
+-0. 00190852 x4

0=Cg1 (XD=092,90< g, (XO<110

20< g5 (X) <25, 78, <102

33, <45, 27 s y 2y » 1545

WPSO B kX3 (0] 88 1 89 10 W FFA KRG R K
—31025. 56, FREMRZE R 0, MR 1 ATLIE S, REBEERT]
JRIEE 1 R —30665. 5 2, B — 30665, 5 6l 1 #—
A BB AE , WPSO B 3L 7T AR ZOhBE i R AR 1 (# — 30665. 5
AR E , 35 H BB PSO Bk R b B 1k B Mt
FHEREH

o 277 »



#1 AEEERERS 1 RRM
x#l11]wy  PSASM DE,DESQI

R Caxmpe  guld) PSODPLY] gophe  WPSO
X 78.00 78.00 78,00

Xp 33.00 33. 00 33. 00

X3 27.07 27.07 27.07
x4 44,99 45, 00 45. 00
%5 44,96 4. 97 44.97

f(X) —30665.539 —31025.02 —31025.53 —30665. 54 —31025.56

MR 2 EAER RS, REENBCEE R RN
T
Min. f(X)=0. 6224z 23 2, + 1. 7781x; z3* + 3. 1661xf x4
+19. 842% x5 an
s, t. g1 (XD)=-—x;+0, 01932;<<0
g2 (X)=--2,+0. 009542, <20

83 (X)= —T(Z321‘4 _'{%711332 +1296000<0

g (X)=x,—240<0
01 <099, 0, <99, 10<C i, << 200, 10y << 200
WPSO 54 [HAE 2 #9 10 AL I8, F 6 RIKF
4348, 862935, 4 WP 6059 £H. WNE 2WLIEH,ES
ERBE R RIAE 2 8B AL 6059 24, BLH 6059
R 2 B — AR ERARAE, TR T B E0 0wk Bk X A SR SR
{8, T WPSO B Al LUA B A BER B 5 RE 2 R BB AE,
ARCbESBA RN,

F2 ANRBEBRMEE 2 KRR

%& FPSOAT™  xwl(16]  xwl(17]  x@l18] WPSO K
X 0.812500  0.8125 0.8125 0. 8125 1.00
X, 0.473500  0.4735 0. 4375 0. 4375 1.00
X3 42.098445  40.3239 42,0974 42.0913 40.9196
X, 176,636596 176.6541  176.6541 176, 7465 200. 00
f(X)  6059.7143  6288.7445  6059. 9463  6061.0777 4348, 8629

FIRE 3 g BTt (. % (AR 0 B M AU R

F:
Min: f(X)=(x; +2) x22:® as
3
—_1__ %2 X3
s. & X)=1 71785114<O
. 4x22—11x2 1 —
&: (X)—12566(121:13_x14) 5108112 1<0
25 (X)=1—&24ir—1-<0
2 X3

7 (0="F2 1<

0. 05<<a,<<2,0. 25<a»,<{1. 3,2y <15
MK 3 HLLEH , WPSO B ik XHaIE 3 1 10 KB F44
FEoR G R BIF A 0. 01266529, 53015 1M B ILE—
B (BRI N 0. 01271905, BRAEMR 22 X 4. 3760E—5, B
% b SCRR L 15 4R A9 B 254 0. 0130801 FRMEIR 2 8. 4611E—5
HR%,

3 FRESRFAE 3 MRMR

X# TPSOA[15] x#l16]  x#(17] x&(18] WPSO i
X 0.05168069 0.051480  0.051989  0.051728 0, 05170806
X;  0.35651634 0.3561661  0.353965  0.357644 0. 35707983
%5 11.30078272 11.632201  10.890522  11.244543 11.24218903

(XD 0.01266520  0.012705  0.012681  0.012675 0,01266529

« 278

ERE AAHETERUEESEEBREN PSOFEN
RSB MEFRBUEAE TR MBS 0T RAB AT S5 SRR N T
—F R E N T —E W E N REYUR B H 25 HF I — &
B2 HER St PSO B Bk, Bl WPSO B, B B REiEA T
AR BV BER LR B XAARFE TR RE I B, A IR A
BRI RRIUM, 7T LA R PRI

& %X X &

(1] B0 BN, SEWHAE, 5. B RO BT 21 0 i b3
7] BEXIR A 5 A T & Bk, 2009, 22(3) : 374-380

[2] Riget J, Vesterstroem J S, A Diversity-Guided Particle swarm
optimizer—The ARPSO[R]. Aarhus, Germany: University of
Aarhus. Department of Computer Science, 2002

[3] Blackwell T, Branke J. Multiswarms, Exclusion, and Anti-Con-
vergence in Dynamic Environments[ J]. IEEE Trans on Evolu-
tionary Computation, 2006,10(4) ;459-472

[4] Mendes R, Kennedy J, Neves J. The fully informed particle
swarm; Simpler, maybe better[]]. IEEE Trans on Evolutionary
Computation, 2004,7(8) ;: 204-210

[5] Niu Q,Jiao B, Gu X S. Particle swarm optimization combined
with genetic operators for job shop scheduling problem with
fuzzy processing time[ J]. Applied Mathematics and Computa-
tion,2008,205(1) :148-158

[6] Zhao X C. A perturbed particle swarm algorithm for numerical
optimization[J ]. Applied Soft Computing,2010,10(1):119-124

[7] CoelhoLDS, Lee CS. Solving economic load dispatch problems
in power systems using chaotic and Gaussian particle swarm op-
timization approaches[ J]. Electrical Power and Energy Systems,
2008,30(5):297-307

(8] WM, EfRER]. BTRBLBE MR FRAACERI]L ITENTE
SR, 2004,40(1) :47-50

(9] skEsl, 2Rk, HEE. £TEHRERNE K PSO B
e ]. HHEHL TR 5 5, 2011,47(31) , 35-37

[10] skEek, E, ERE. PSO B4 RS HI1. i+ BN
THRY5MA,2011,47(34):61-63

(11] £5B. 28X AE A % ARMAHCEET] KME¥1R,
2009,20(1).:11-29

(12] B, P 3X¥ . EPE. B ARG PSO B RERFARMK LR
B HEHHE, 2009,26(10) :212-215

(131 &=40F , WA, 48 PSO Byt TRk R e i F T L
THEHL TR 58, 2004,40(1) . 74-76

[14] Z=% sRIBILA K 20040 o) BE 4 AL B 3k B R [ D). l %
P TR K, 2009

[15] B¢, £B. PSO G AR MEs Sk rkl] BN TH
SR ,2011,47(8):36-40

[161 Coello C A C. Use of a self-adaptive penalty approach for engi-
neering optimization problems[ J]. Computers in Industry, 2000,
41,113-127

[17] Coello C A C,Montes E M. Constraint-handling in genetic algo-
rithms through the use of dominance-based tournament selection
[J]. Advanced Engineering Informatics,2002,16:193-203

[18] He Q,Wang L. An effective coevolutionary particle swarm opti-
mization for constrained engineering design problems[]]. Engi-

neering Applications of Artificial Intelligence,2007,20:89-99



