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ABSTRACT: A heuristic particle swarm optimization (HPSO)
is constructed based on particle swarm optimization with
passve congregation (PSOPC) and harmony search (HS)
scheme. According to the festures of power network planning,
the “fly-back mechanism” method is used to handle variable
constraints; the constraints of planning problem is dealt with by
harmony search to make the particle swam kept in feasible
domain during the whole iteration procedure. Meanwhile, the
passive congregation is led into the proposed agorithm, thus
the evolutionary mechanism of particle is effectively improved
and the free search ability of particle is enhanced. The
correctness and effectiveness of applying the constructed
algorithm in power network planning are validated by the
results of calculation example of an 18-bus system, and the
result shows that the HPSO algorithm reatively has good
convergence in contrast to basc PSO and PSOPC. The
comparison results of the same example cdculated by HSPO,
basic particle swarm optimization (PSO) and PSOPC
respectively show that the constructed algorithm possesses
better convergence.

KEY WORDS: power network planning; particle swarm
optimization (PSO); passive congregation; harmony search
(HS); fly-back mechanism; constraint

WE: S HshRENT IR T L4k (particle swarm
optimization with passive congregation, PSOPC)&32: FIAI &
K(harmony search, HFFENE I, MIEET —FBr iR SH T
PHAk (heuristic partide swarm optimization, HPSO)43%:. i%
AR R i, SR “TREINLHT” AP (2
WEAT, FIFHFEARZR AR ) 29 R4, AR 73

HEUWH . gl S H (052312003); T 5 i 2a Rt
Y H (P1301).

FEIEA RE IR L ORFFAE ATATIIN RIS 5 I T
BRI T, AR TR IR, 3R TR A
HARERAES) o 18 47 fUEEN AR T 2SN T r R 4 1
BTERIA R, HPSO 535 K FREAL 2R PSOPC 5%
I EE R S5 SRR W1 1% HPSO 55 H A BT i Sk s

KRR AR R HELL(PSO); BRI 1 AN
WEER(HS);  KIEHLH]; LAt

0 3lF

BN TR Re L, Wist A& 5% (genetic
algorithm, GA)!™. BE{L511:(evolution algorithm,
EA) SR 7% (ant colony, AC)E®, FruGu) iz
IV RN NG SN AT G A O 2
R AR L A A R e i, AT TN SR AR 48
PIRCE R A, I AR G Sk B AR S B 4 JR)
o, [, — R AL T RED K (particle swarm
optimization, PSO) &1 138 ALk A B2 0 T 4h e i
FIF 55 v )y R G S (ARAL [ i 1028

TEfRDR IR ), PSO Sk HAT
e B RE VA T AP A R L RE 0, HAREHRO
SR, ST, fE— ki) i, PSO #
T e H A B A S bR i Sl .

5 45 1852 B A PRI B 24 o 2 A I A R A
M, PRI FH AT RE SV (W1 GA)) 12 K H 751 R 4k
Teae SRTM0, A 255 e 20 B e DA A B
ERIS I — LR A, R 1S R O P4 1
PRECRT H ARpR g, Wi AR5 R A B A A2,
FEARAC SIS [ 850 Hp Sl 281 R ) 8o Ay 3 AR XA 1)
], SCHR[A8)HE H —Fh “ RIPINLE” AR 7.

PDF SCHFi ] "pdfFactory Pro™ X AL www. Fineprint.com.cn


http://www.fineprint.com.cn

32 Fibss: IR ARL T REOU AL S v R v

Vol. 32 No. 15

FHEC I e A BR L AR AF IR 5, %07V S Ny s
BoAE.

SHILA PSO SIS M 1 3 2R A R
T Z AR SRR S IME R Tk 2 B E AL
BEXFIXANER AL, SCER[1915E ) T S B8l SR A 11
PSO 53k, BRI I B 5B P s i — A s 2R
ey, AR TR — A L S 15
Mo SEEGEE LRI, MdMERL T TR SR
FEE 22 28 A O 1 FEUR RIS, AR
AR SR R, $E R B R
fE 7, MIEL PSO S A AT S aF el ael

A2 210 R R A ) U, SR BEDR
TS SR F AL 8 I B A B 22 o 40 o) S (10 7 9
B EM . ARSCH A H— MRS R T T
(heuristic particle swarm optimization, HPSO) %127,
'O LE M B R AR NIRRT BE A 4K (particle
swarm optimization with passive congregation,
PSOPC) 5.3 Fl Al 4% 2% (harmony search, HS)JEf!
R, ERA CRIEINLED SRALFE 2 R AR S
Pho SER gt K], 53K PSO k1 PSOPC 4.
AL, X HPSO Sk R Roind e sus®r, I
BT AR F AT 2 PP L R A

1 PSO HyEAKR[RIH

WAE— D e, o m AR AL
— AN, LR | ASRLLE D 4R R A ) AL
B Xi=[XinXi2 s Xio]» JeH i=1~m. BRI
AU LA, B X i AN AN AR (] @ A4
TG H bR e b on] DA SO N AR, AR AR
S FEE AR ) DR /N B X PRI 30 585 1 AN r 1 2 P
N D 4EE, Ik Vis[VinVig, e Vil o 5 1 MR
FIEA N IEE R B IR E N Pi=[pispize - Pio] »
WFRA Poego BRI HEIEA N 1R B SBALAL
H 9 Pg=[pq1, Pg2,"**,Pgp]» HFXA Opeste PSO FHILIT)
R AT
Vi(k+1) =wV, (k) +cr[R - X (k)]/Dt +
SRy - X (k)]/Dt (1)
X;(k+1) =X (k) +V,(k +1)Dt )
A i=1-m;y EBT o M e AR AL ro
ro HAT10, 2 Al BEALEL B HEACE w g —AMr
TIXME[0, A HA; k MIERIREG XohEiA
Rr A B & VO a5 Dt A IR [A] R,
i BRI ]

2 PSOPC HyE K RIE

BT RSN ERIE T SR AT I OB A2
TR o, PR DR A S R i = AR PR A
AT CREATA) . EXFREAT AN EhRE
(active congregation) Fl1#% 211 5 £ (passive congregation)
2 e FBNRERWL T R AMRR I, B2 5K
AU e TR R — AN AR Lk 5% £ S
BERLF IRE B SR EAT A S IANBIIEAR PSO 43357
[1)559—PSOPC 67, ek (MR,
Vi(k+1) =wV (k) +ar[R - X (K)]/Dt +cr, >

[Fy - X (K]/Dt+cn[R (k) - X (k)]/Dt(3)
X; (k+1) = X, (k) +V, (k + 1Dt 4

s RO E—ARRENLEIRIRL 5 c3 I pEs 2R
LT ra AN T[0, Y2 | BN, HREeES
FEAR PSO L AR — 30

TEFHEAT) PSO Sk, S/ MERE 145 TN AN
5o RIS 24y A O TS B RS, HPSO
RERNIAEEIIE - PSRl = AR A S R ebvi 0
i, $Em TR A AR ), SCIR[19H —
SRRV (I BB £ GG UE T PSOPC S Lt PSO ik
S (RS R

3 XAXENHLBARFGTE

PSO B35 T N I 21— 22y 29 SRR AR A AL
[, G AR R A4 e B A B R A B
Wi (K75 AR, XA A B o AN A2
LR FRPRL FOB R [0 2 S i dee e (AL L, B S 3
HRILF AR AL, XFHR T PSO Sk mfiesl
PERE X KHR A QARG AL I, 4 e e
AN RPRL 57 B AL T B TR AT B . SOk
(28152t — Bl “ WML ", & S AT AT A W 4G
R RE, AR5 SR T, R AR
I R . WRAE R — R RT3,
I e KB JsOR AL, XA ORI T AR 2 AE
FIATERAVE R P o SXANIR B R 7 — AR S
AT RE RS I T AL, BIVRE AR R IR AR
fBER G . D, IXRE “RIRILE]” B
JS2FH 2 2 AR LA 1)

4 HPSO RIEAKFIR

£ PSOPC SIA AT HSP AR 3l |, A< SR
AT TRIBIHLHD” SRACH AR, F a7 — o
1 HPSO $iikie 44— /MR FAEHER DXCBC AT, hE

PDF SCHHi A “pdfFactory Pro™ i RAG]E www. fineprint.com.cn



http://www.fineprint.com.cn

¥ 3245 F 154

ZER TR S A N 33

THER AT A 1 PR, &2 uiirE, A 2
T SR AT AR AAT G O, BRIV S AR A R4 AR
3 PR E T AR LR A o A5 HL BRI AR [ 7
S P E ERViE ST WSS S EIE - (iU EAS) e s Ul
DRI L2 AR 2 i A i BE ) IR TR 2 R

TR R )
LR A i)

LR A i)

B1 RFRRITZIE
Fig.1 The spaceof particles

WIS 2 B [ 2 A I I DL AT L« Tl
BLHL”, PR ol 2 R T A8 5 2 R Ak Rk A2
SE ) JR R TR G5 AT s R TR A e i 0] 21 B R PR A
o SIS R, R A, R
AR LA AE,  H B PSR b
I, 1R IRE ARG I, X R BORE R )
ATAT T R MR 2 o AR B b1~ /AT
5 R FEE P g/ IMEL e 68 A Bk T PR R ks>, {HL ]IS
B n] BeAIOR R R E S A A B DR, Y
Mol R AR AR R ARG N RAT, RS PR AT
R A R A2 . 78 HPSO Wk, 1
S 3 S AR L AR TSR HSPU R R P A 1
IR E, R JE X SR 8 ] L SR IR R 1R A
AER “TRRINLE] 7, RISk 73 T4 A [l )
24 o U] 36 [P 1) JEr A PRI A

HS Bifl & AR 2200, 8 7T A idiZ
(harmony memory, HM)ZEALALERAE. Rk IdZ K
/IN(harmony memory considering rate, HMCR)F1¢r
FF i #% (pitch adjusting rate, PAR)Z% ., A 3L
A EAZ 5 I N B PSO Sk,

7E HPSO &y, R HM KAt £ 2R 4
PR AR Mk G AR A I SN, B ) i
I HM BEALIZE BCK B8 AR . HM ANz =2 58
L () ) e FE SR, () B B B 25 ) £ o 4 PSO 8.
2, WAE SCHM RR/NRTRE IR — 2, )R]
FIH Poeg E0 HM o EEE RIS, AL HM H A7 A
(1) 1) FE AR AR B A TG Y, AN BE PR UE LA &
I 1) 249 TR B Y

iR M5 2 ) HPSO SyE R LI 2.

WG HRL T

|E%ﬁ?mwﬁﬂmﬁ|

P
i RAR R R M HM B LIZERE

 k ARSI 5 BE AR
H A4
T RCE IR [P F)
e MU A

2 HPSO Hifaiiiz
Fig. 2 Flow chart of HPSO algorithm

5 HEF HPSO By M X!

LA R DAk b 3P
mnF =k g cx +k § 1P (5)
v iw

P O AR A AN
I eI R I K =r@+r)" /[r@+ r)'-1;
¢, J B | PR — BT A B A X
P TERR B IER WA B T B
SERR T R Mk, =Gt /U2, LR B
1, t A B ARTBREI 1, u o REHUE R
B R PO IE R T s | Sk
THTEE s W IV 51 Sk 190 0% bt 01 2 4 3 2
(IS o WL 41
1R =U, 4 U, (G, cosg; + B, sing;)

| w

i ° : (6)
1Q =y, a Uj(Glj sing; - Bj COSqU)
| jlw

A RAIQ 705 419 1 i(I=1~-N) ITE A A D DA
TVEF; WA 5] MMAZEG =g - g NAT
RS BT R U, 2 AL

Uimin £Ul £U|max(IT N) (7)
FITAT FRIEYT ) RIAT DR AT D D 42006 AL

i, I:)Gi min £ I:)Gi £ I:)Gi max (8)

TQGimin £(?G| £(?Gimax
A Pg Al Qg 235l A HLJE T 250 1T GYA Th ol
MIEDIDZ; G AT GG Pkt
LA L

PDF SCHHi A “pdfFactory Pro™ i RAG]E www. fineprint.com.cn



http://www.fineprint.com.cn

34 Fibss: IR ARL T REOU AL S v R v

Vol. 32 No. 15

[ e 2 B B ©
T~ Omax £ £ Qs
b p Bl g A 2 i WA SR AL T)
s Pimax F Cimax 73 1 A 25 8% B AT D R AN TE L)
T, BRERIHUH L
O£ % £ X, HxT NHIiT W (10)
e X max AR A N AR SRR
FEL X LR ) e S A g 4, DR 77 1) )
X=X Xoyes X yeeey X
P x ONER T 4RI O BRI E T A AL e 2k
I H L PR DR m ok RGP AT i Nk 4 1
A EL
7E HPSO 3%, 30(10) AR5 L k441,
AR T, SR HM B AL U 8 35 4033047 5
Ho RPN IEB PR R, R 3 2o, W
R D DN =EAD X (y Tk R ored M EA ) B (v AW e
P HBEAT 20 RO REAS 2005 2, IR « R nIpLH]
k7 F TR A 3] B AR E
6 18 TRAKHEBERSHH
WA 18 % AR GHHE, 12 Matlab g fiisk
AT BLSEEG . DXL BTG 8 /N 17 ARl 18 45 AT 3y
LR e R, RPN 17 JToc/km, PR AN
0.35 Jo/kWh TH5., e K S B FE i T 3 500 h.
b 7B 4000 2E XN o e 390 2, HishiREE
7 ca B 0.6, 1 ELITS I 45 L 5 SCiiR[22) 5L, 14
JN- 1 22 20 U513 2 45 an € 3 TR .
SRS LR, 4300 PSO 34 F1 PSOPC 5.
POHT 10 YOS, HRIPREEN R 4
FizR. B 4w W: FEA PSO Hyi%k AR H] 500 WA
OIS, PSOPC Sk AR 2] 1700 K LA JE A RE
S5, 1 HPSO $y2:1%:4% 2] 1000 YK & TF LA E; HPSO
SRR 12 4 R B LA, Tl PSO 45722 Rl PSOPC
SEASBELRUE R A S B B O o P AT BR
RN, 1E PSO By, kAR 2] 100 XA 45 (1
{5, HFNEIRIZE 28B4 4 0, PR 1) de/ME
BT IA ] 80%LA L, FEH AR T HEARL TR
SAPERE. HLAR PSO SIS SIoH B b, (H R 5 LSl
FJREAE, 1 HPSO By R H 2R S8 R 1
E TR RECE BT T RE BT I 7 R R, A
BRI PN R . BT E HPSO Sk R A T
“CRIBLED, R AR OEAR T A R R R B A
FrrATsk, AR TSR RAR 0 ' ATAT
i, e T EIRMIBATR

— Bfi%p  —— PN

B3 N-1R&MMLE
Fig. 3 N- 1 security network

9000
8500
& 8000
2
B
#7500
7000/ ™
6 500 : : ‘ : : ;
0 1000 2000 3000
LA UEL
B4 EREZ%
Fig. 4 Fitnessvalue curves
7 iR

(D ASCH HSH A K mIBLE” 5 F] PSO
SRET, B AR T RO D A
M2 B GEAT, $em TREHEREAIIE TR

(2) {£ HPSO L I AR REN T, 1
S TORE T RS R B MR T AE S AU RE R 1 A
HERRAE ST, Sem TOAHEE N T o oI e
Ie) 8L PR AT 8

(3) HAHGILIREN], ZiRE B
1 RAEAT 2R R 42 SRS RE 1, TSR A AR e
R IE A i BT 25 2 B 1R i R S

B2 30k

[ HEwd, BYa, $8. 0T 2 HRTIR BG4 5%
[J. HLMEA, 2006, 30(16): 55-60.
XiaKeqging, Zhao Mingai, Liyang. A self-adaptive genetic algorithm
for multi-objective reactive power optimization[J]. Power System
Technology, 2006, 30(16): 55-60(in Chinese).

[21  RA&, AERL o, S5 TSI AT R G SR B IR S A
. HMEAR, 2006, 30(18): 65-70.
Wu Jie, Lu Zhigang, Yang Bin, et a . Power network status estimation
based on improved parallel genetic algorithm[J]. Power System
Technology, 2006, 30(18): 65-70(in Chinese).

[8]  EFW, FWCE, Wi, 5. JETHESORCEME Sk R b R Bkl
VAN 2 H br 2 X aob pORI[T]. o [ LR 2440, 2006,

PDF L "pdfFactory Pro™ i FHf A siww. fineprint.com.cn



http://www.fineprint.com.cn

¥ 3245 F 154

ZER TR S A N 35

(8]

[10]

[11]

[12]

26(12): 11-15.

Wang Xiuli, Li Shuhui, ChenHaoyong, etal. Multi-objective and
multi-digtrict transmisson planning based on NSGA-II and
cooperative co-evolutionary algorithm[J]. Proceedings of the CSEE,
2006, 26(12): 11-15(in Chinese).

XJ7, Bk, YuD C. ST atAL HEN A RUER T IR A SR
W5 T E LT FRSAR, 2005, 25(15): 67-72.

LiuFang, Yan Wei, YuD C. A hybrid srategy based on GA and IPM
for optimal reactive power flow[J]. Proceedings of the CSEE, 2005,
25(15): 67-72(in Chinese).

KR, REYE, B, F RTREG EREA SRR RS
RATHRALY. AR, 2007, 31(9): 33-37.

Zhang Fengtian, Song Jiahua, Li Jian, eta. A hybrid differential
evolution method for optimal reactive power optimization[J]. Power
System Technology, 2007, 31(9): 33-37(in Chinese).

M, AIE, FFH, 5. TR ERE LA BB
[9. HMEA, 2002, 26(11): 27-32.

Hao Jin, Shi Libao, Zhou Jiagi, etal. Optimal unit commitment
based on ant colony optimization algorithm[J] . Power System
Technology, 2002, 26(11): 27-32(in Chinese).

I T, ARARIE . CSGIEISCR L P SRR AR IR A 199 ) S P )
NH[Y. HMEA, 2006, 30(15): 85-90.

Sun Wei, Shang Wei, Niu Dongxiao. Application of improved ant
colony optimization algorithm in distribution network planning
[J]. Power System Technology, 2006, 30(15): 85-90(in Chinese).
By, BER, R, & T BRSO RSEA
Grom ). b E AL TR AR, 2003, 23(3): 59-64.

Hou Yunhe, Xiong Xinyin, Wu Yaowu, et al. Economic dispatch of
power systems based on generalized ant colony optimization mehod
[J]. Proceedingsof the CSEE, 2003, 23(3): 59-64(in Chines).
Colleo C A . Theoretical and numerical congraint-handling
techniques used with evolutionary algorithms: a survey of the state of
the art [J] . Compute Methods in Applied Mechanics and
Engineering, 2002, 191(11-12): 1245-1287.

B, SRR0ET, WM, A% BIHOKL T REOLALSVAAE A v R 2
JEBEIP N, RS AZME. 2004, 28(20): 31-36.
Hu Jiasheng, Guo Chuangxin, YeBin, et al. Application of discrete
particle swarm optimization to transmisson network expansion
planning[J]. Automation of Electric Power Systems, 2004, 28(20):
31-36(in Chinese).

MEK, bz, Rihd. SETRMEH TR AR B RS
TR, ARG ASN, 2005, 29(7): 53-57.

Liu Zifa, Ge Shaoyun, Yu Yixin. Optimal reactive power dispatch
using chaotic particle swarm optimization algorithm[J]. Automation
of Electric Power Systems, 2005, 29(7): 53-57(in Chinese).
VRILHE, BAR, RIR T, HET ek TR A C 4
. WARSGEML, 2006, 30(7): 27-30.

Xu Lixiong, Li Lin, Liu Junyong. Modified particle swarm
optimization for reconfiguration of distribution network[J].

[13]

[14]

[19]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Automation of Electric Power Systems, 2006, 30(7): 27-30(in
Chinese).

ERAE, ETE, UK. A SRR 22 B B r 1 R
. LT R4, 2000, 20(3): 34-38.

Wang Tianhua, Wang Pingyang, Fan Mingtian. Optimal multi-stage
digtribution planning using evolutionary algorithm[J]. Proceedings of
the CSEE, 2000, 20(3): 34-38(in Chinese).

WS, ket SKEL R ) ARG kR
PN R, o E L TR AR, 2004, 24(9): 80-85.
Yang Xiuxia, Zhang Xiaofeng, Zhang Yi. Study onimmune genetic
agorithm for shipboard power sysem service regoration
[J]. Proceedingsof the CSEE, 2004, 24(9): 80-85(in Chinese).
R, EI, TKEAL, & ORI RS ) R Y
M. HMEA, 2004, 28(19): 14-19.

Yuan Xiaohui, Wang Cheng, Zhang Yongchuan, etal. A survey on
application of particle swarm optimization to electric power sysems
[J]. Power Sysem Technology, 2004, 28(19): 14-19(in Chinese).
WRA, JAidH, R, . bk T RS S 25 4y
Ferh N L. HMECR, 2005, 29(2): 2-6.

Yang Junjie, Zhou Jianzhong, Wu Wei, et al . Application of improved
particle swarm optimization in economic dispatching[J]. Power
System Technology, 2005, 29(2): 2-6(in Chinese).

Kennedy J, Eberhart R C. Swarm intelligence[M]. California:
Morgan Kaufman Publishers, 2001.

He S, Prempain E, Wu Q H. Animproved particle swarm optimizer for
mechanica design optimization problemgJ]. Engineer Optimization,
2004, 36(5): 585-605.

HeS, WuQH, WenJY, etal. A particle swarm optimizer with
passive congregation[J]. Biosystem, 2004, 78: 135-147.

LiLJ, Huang Z B, LiuF, et a. A heurigtic particle swarm optimizer
for optimization of pin connected sructureqJ. Computers and
Structures, 2007, 85(7): 340-349.

GeemZ W, KimJH, Loganathan G V. A new heuristic opti mization
algorithm: harmony search[J]. Simulation, 2001, 76: 60-68.
FH. ARGRAMKIM]. dbnt: KR H HAREE, 1990.

k5 BHA: 2008-01-06.

TEEEN:

o ¥(1968—), Ui, RIBEZ, Mk i e R
R R AR R AR RS WA 5 TR AT SR 07 A%
E-mail: paper517@126.com;

I 3(1986—), U, ELWITUAE, TSRS
i g FE )], E-mail: xzlshangha @163.com:;

HRE1948—), T3, ¥, WiLARIE, FE

(7

WP (5 SAEBE S ] AR SBL BOA . BUBUB & 20 W ] A i
-

(%% A7)

= 2% B W 2 B] 7£ 2008 - £3k W 'E 500 BRI TIEHALES 24

JeH (M) Z2E A AT T 2008 4R “ IS 500 97 A4 M, [RIZHLR A F] P 2007 4 1328.85 145 TTH
BN, ALJEHEATRE S 24 A7, JRAERA TS AR 2 1AL, E P R =3 35 KA A 5 500
s, K A A AN B R E AL RS 2467, A8 E A ML TR A F Z 5

PDF L "pdfFactory Pro™ i FHf A siww. fineprint.com.cn



mailto:paper517@126.com
mailto:xzlshanghai@163.com
http://www.fineprint.com.cn

