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Array Antennas Beam Pattern Synthesis Based on
Multi-Divided Particle Swarm Optimization

GUO Hua', YANG Yong-jian**
(1.Air Force Equipment Department, Beijing, 100000;2. Air Force Engineering University Aeronautics
and Astronautics Engineering College, Xi’an,710038, China)

Abstract: Multi-divided particle swarm optimization is putted forward based on dichotomy particle swarm
optimization. Aims at how to confirm the number of divided particle, how to evaluate the ability of particle
optimization and the ability of algorithm optimization, linear array synthesized pattern’s performance are
studied by defined the rate of particle stagnancy and the rate of optimization, which involves low side-lobe
beam pattern synthesis and low side-lobe beam pattern with nulling synthesis. The results of simulation in-
dicate that the more times of particle divided the higher of optimization rate, and the constringency speed
of PSO is fast, but the rate of particle stagnancy is almost same. However, more times of particle is not al-
ways good when synthesizing complex beam pattern. These characters show that the two indexes which
can availably reflect the ability of particle optimization and algorithm optimization, can reliably estimate
optimization ability of multi-divided particle swarm optimization from microcosmic point.
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Fig.1 The low side-lobe beam pattern synthesis
using trichotomy-PSO
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Fig.2 The distribution of iteration error
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Fig.3 The alteration of cost function along with iteration
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Fig.4 The low side-lobe beam pattern synthesis

with nulling using trichotomy-PSO
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Fig.5 The alteration of cost function
along with iteration

M AT RLE L 2 0 35 AR AR B 100 K
IPRNREIR B 45 B SR . 3 Jr ik 4 4065 e
PRBOR T 75 W AR REB I L 25 BEoR . 3k 4~
2 6 50 5 0y 2R TN [7] 73 8L 1 I S RL 45500 R LR
s /NI RV ANk SRl . N el LA
H s JURl 73 205 PR 15 i SRR 25 8 K5 T s die /NI

6] 3 G0k /N 2 SRR IR Z o4 1k I 5 3R BOR s 1
(NI AR R RS :0R NIITE: P18
x4 RFEHE

Tab.4 The rate of particle stagnancy

VAE ST AnB 24 348 44k 5k
3 A B IR B 38 22 25 21
R U A€ 126 85 81 76
R %/ V% 30 26 30 28

x5 HEm/NEE
Tab.5 Minimum time of needed

DI 3 TR AE 240 3k 44k 50k
B /NS O 126 85 81 76
A 100 W R B8] /s 358 528 704 877
Jiv i 5 /N [B] /s 451 449 570 667

6 FMmtk

Tab. 6 The rate of optimization

AT Tt AE 200 340 4 0E 5Nk
i /BRI B 126 85 81 76
3 B EERIGE /dB 17.4  16.8 17.2  16.9
3 B B H bR AE /dB 0 0 0 0

FEL 0.138 0.200 0.212 0.222

2.3 AESERHMFHEEMAE T EE LRSS
LRAr 2. 1M 2.3 [T ELAN A T AR AT 4598
D)X TR fay 5 14 J7 17 181 25 - O 73 2R

2« U0 HE AR DR - e S0 B B PR s @ 25 43 BT

OB ZAN LRI N i A3V U R NTTR N S

KRR T 3 I 55 Tl die/IN I ] E AN AL 3 @ AL

ER R0 E SN iV 3 GRS PNITES 4 X/ TN i

ZORT RO 3 I KL R R/ BT SILRE

3/

2% TR IR WO 7 11 25 G - D20 K

I LE R R N ONPE TR R & GU 7 R R

RLFBOR T 3 s S HE B R A B2 N s @ 255 B

i P 5 /I ] S AN I 20 2R 0 K 114 38 R i ik /s » 24

PORTRORT 3 I 255 I i foe /N I () ST K5 ©

L5 i R A B 73 SR 0 8 R T e P D) L

b L {55 A AN A
AR IAR R B 2 Bk SR T R T

SUCRE T Wb . 28 E BT IE R 2 00k 25 A LR

WETE T 16 121 P 5539 19 1 fE -5 TR O 1 181 114 5 2 A

JE 73 SRR R DDA 5 . Xk T A B B0 I )

WEHE T 1wl LR 3 3 26 A LE T H A 23 R R

DL I [8] 5 S L 1 45 i 3 i/ s U LR e —

M P R A RN 2 Rk . X T O B 2R I ROE

7 1 PR - 2 7338 .3 43 15 TN 1) dee . (HL 2 73 ik

R FAC BN . L 78 R ] 22 0005 25 2RI T

JE 7 1y TR S KB 3 UK N a8 L



70 25 75 TR R 2R CA SRR D 2014 4

3 4EE

2 43 PSO Rk & — PO a5 v 2000 et b 1
FESL I A SCHE 2 43 PSO WY BERl B RFSE T £ 43 PSO
S B A E SORL 5 i R e S He X o B S
AL SURE ) BT TR RE ) A BT F(E] 3 ASTF
T Y O R HEAT T AR AR AT 5 5 A SRR X T 46
BRI J7 16] [T B 255 5 25 70 R0 12008 2 3 1 B39k
TOLRE ST Bk AL T R IE VR AR P I 2 2
KURENS S W 22 03 15 W) SR RE ) S 2 0 ik kL 1 1 1
TEAE 7 - WU AR BB % PSO B3k 1 FALRE S 7
L5 I E TR ]

2 % 3Lk (References) ;

(1] BRIEME, 260 MBI R&Lair 546 LML et

SRS R K2 R, 2011,
XUE Zhenghui, LI Weiming. Analyse and synthesis
of array antennal M |. Beijing : Press of Beijing univer-
sity of aeronautics and astronautics, 2011. Cin Chi-
nese)

[2] Haupt L. Thinned arrays using genetic algorithms[ ] ].
IEEE trans on antennas and propagation, 1994, 42:993-
999.

[3]  Boeringer D W, Werner D H. Particle swarm optimi-
zation versus genetic algorithms for phased array syn-
thesis[J]. IEEE trans on antennas and propagation,
2004, 52(3) . 771-779.

[4] Kennedy J, Eberhart R. Particle swarm optimization
[ C]//IEEE international conferenceon neural net-
work.Perth, WA IEEE press,1995: 1942-1948.

(5] &, BEE, REE RFREEENHIMILI
s BHE AL, 2009,

JI Zhen, LIAO Huilian, WU Qinghua. Algorithm
and analyse of particle swarm optimization[ M ]. Bei-
jing: Science press, 2009.(in Chinese)

(6] oy, =AM, BRAF. 2k T oot b v RER L R
25 1 B LR a BORLT ] WL R 2240, 2006, 21(6) -

[7]

(8]

[9]

[10]

873-8717.

JIN Ronghong, YUAN Zhihao, GENG Junping.,et al.
The pattern synthesis of antennas based on a modified
particle swarm optimization algorithm [[J]. Chinese
journal of radio science, 2006, 21(6). 873-877. (in
Chinese)

MG BRZEF, gyt 55, 5T Sk b 7 R
B TR R E G HE AR BT 5REE
AR, 2007, 29(5): 1236-1239.

YUAN Zhihao, GENG Junping, JIN Ronghong. et
al. Pattern synthesis of 2-D arrays based on a modi-
fied particle swarm optimization algorithm[]]. Jour-
nal of electronics and information technology, 2007,
29(5): 1236-1239.(in Chinese)

Mg, wEAe, BRI SR TR AR T RO 1
Mg K2k oy im B gi A L)), @ M5 HAR, 2009, 42(9) .
52-53.

XIAO Longshuai, HUANG Hua, XIA Jiangang, et
al. Array antennas beam pattern synthesis based on
neighborhood particle swarm optimization[ J ]. Com-
munications technology, 2009, 42(9) . 52-53.(in Chi-
nese)

ks, E£RIE. BER, & ET R FREAMEAA
R K 07 1) B 25 A LT ], BURBT B AR, 2013, 41
(1) 170-175.

YANG Yongjian, WANG Shengda, DENG Youwei,
et al. Array antennas beam pattern synthesis based on
dichotomy particle swarm optimization[ J]. Modern
defence technology, 2013, 41(1): 170-175. (in Chi-
nese)

Bk, ERik, B, 5. 5L T ORI
RS R &L ] BUUE A, 2012, 34(12): 64-
67.

YANG Yongjian, WANG Shengda, MA Jian, et al.
Conformal antenna array beam pattern synthesis
based on improved particle swarm optimization[ J].

Modern radar, 2012, 34(12): 64-67.(in Chinese)
(% 8 .t A gD



