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A genetic algorithm based unequal spacing 2D aperiodic array design

XIE Shaoyi, LI Jiawei, GUO Letian, DENG Guangjian, BA Tao, JIANG Yue, SHAO Hao

(Institute of Strong Electromagnetic Physics, Northwest Institute of Nuclear Technology, Xi’an Shaanxi 710024, China)

Abstract: Large spacing is widely used in building large scale ground based solid state phased array
due to the cost. Grating lobe will appear under this large spacing, which leads to performance deterioration.
The sweep angle can be broadened by using the thinning method. In this paper, the array design methods
are studied, and an unequal spacing optimization method is presented. An array with grating lobe lower
than —20 dB is implemented in £20° sweep angle by using AX4 element. The number of units is reduced by
18% due to the enlarged aperture.
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Fig.1 Optimization methods of position encoder
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Fig.4 Radiation pattern of compact array
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Fig.5 Optimization results of array
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Tablel Comparisons between compact array and optimized aperiodic array

type compact array optimized aperiodic array
element size AXA AXA
element number 7921 6 480
array aperture/m 3.2x3.2 3.88x3.88
beamwidth/(°) 0.54x0.54 0.46x0.46
EIRP/dBW 88.7 88.7
sidelobe/dB (scan angle of 0°) -16@(-78.6°,0°) -28@(-31°,0°)
sidelobe/dB (scan angle of 10°) -9@(-53.9°,0°) -23.8@(-46.7°,0°)
sidelobe/dB (scan angle of 20°) -4@(-39.5°,0°) -19.7@(-34°,0°)

i

ol

PR S A X T AT L AR SR BT BT R ZR BT 7 T Y 1 AN A (i) B Al R 0 R A RO [ B R Y
W KA SRR, A ad BRI AL e, mT LA R A DR AR B0 RS A ok B MR R i, 5 AE 48 D/ a3
o o (HAZTT A T AR S B A o 5 M R 1) TR, A Rt AR R A A 7 R A A i 4 PR A R
b, B — O T R AR AR, R TR KR

S E 3k
(1] FEOE, 224, RV . B RE D525 M) CER i 1 BB R 2% Ak, 1999, (WANG Maoguang, LI
Zhoumiao,WU Liming. Array antenna analysis and synthesis[M]. Chengdu,China:University of Electronic Science and

Technology Press, 1999.)



EHP HOEE: —METEEEEINAEREE _HIEFHHERT 675

[2]

[6]

[71]

[81]

[91

[10]

[11]

[12]

[13]

[14]

ISHIMARU A,CHEN Y-S. Thinning and broadbanding antenna arrays by unequal spacings[J]. IEEE Transactions on
Antennas and Propagation, 1965,13(1):34-42.

HARRINGTON R F. Sidelobe reduction by nonuniform element spacing[J]. IRE Transactions on Antennas and Propagation,
1961,9(2):187-192.

KUMAR B P.BRANNER G R. Design of unequally spaced arrays for performance improvement[J]. IEEE Transactions on
Antennas and Propagation, 1999,47(3):511-523.

TOYAMA N. Aperiodic array consisting of subarrays for use in small mobile earth stations[J]. IEEE Transactions on
Antennas and Propagation, 2005,53(6):2004-2010.

BB A0 7k wh AR, AR SRR A ATFERESE[D]. L2240, 2006,34(12):2263-2269. (CHEN Kesong,HE Zishu,
HAN Chunlin. Research on synthesis of the linear sparse arrays[J]. Acta Electronica Sinica, 2006,34(12):2263-2260.)

P BTRL AR BT X R AEE B AR CY P ERLES. R E B T34, 2009:714-717. (FEI Ali,ZHU
Ruiping,LIU Minggang. Study of the forms of aperiodic array[C]// National Conference on Antenna. Chengdu,China:China
Electronics Society, 2009:714-717.)

Bt e g, T Matlab (0 BE S R LEE 3 Hr[I]. PACH TR, 2013,36(13):84-89. (XU Qian,GONG Haibo.
Matlab-based numerical analysis of array antenna[J]. Modern Electronics Technique, 2013,36(13):84-89.)

R, FEH R A G A 0. BIEA ¥ 2%IR, 2001,16(2):172-176. (MA Yunhui. Synthesis of the array
antennas using genetic algorithm[]J]. Chinese Journal of Radio Science, 2001,16(2):172-176.)

i A PR XS T e 2 W S R T 00 A SR O HE A D I (D], RO 25 Bk T £ B AR 2014,12(4):595-599.
(HAN Zhijia,DENG Haixia,LLI Xiaoping. Scheduling optimization based on genetic algorithm[J]. Journal of Terahertz
Science and Electronic Information Technology, 2014,12(4):595-599.)

gk A R B RO W MRS R LR 25 A 1AL B IR AR D). B 2R, 2006,22(6):48-54. (ZHANG Haobin,DU
Jianchun,NIE Zaiping. Thinned array synthesis using genetic algorithm|]J]. Journal of Microwaves, 2006,22(6):48-54.)
AT RN E A A T 2R BT B R ARG E L)) KRR 2Z RN S TR B AR, 2016,14(2):195-
200. (LU Zhiyu,WANG Daming, WANG Jianhui,et al. Fusion location based on parallel genetic algorithm of multi-
population[J]. Journal of Terahertz Science and Electronic Information Technology, 2016,14(2):195-200.)

TR KN, s HBAG R A MBI, BT, 2003,31(12):2135-2138. (WANG Lingling, FANG Dagang.
Genetic algorithm for the synthesis of thinned array[J]. Acta Electronica Sinica, 2003,31(12):2135-2138.)

BIRD T S,GRANET C. Optimization of profiles of rectangular horns for high efficiency[J]. IEEE Transactions on Antennas
and Propagation, 2007,55(9):2480-2488.

EEE N

5% (1987-), B, WEABIE A, ZFEEF(1985-), F, LTHLMBTA, M
+, BB A, EEME T AR R LR +, BYERAFST L, BB N R TR
1k 1% 11 .email:xieshaoyi@nint.ac.cn.

WARE(1990-), B, HFmdi A, WA, 6F
FIH R, BEVFGIT IR N = T E k.

B4R (1990-), FB, HMREMEET A, B
£ 1$(1989-), &, WARAERTA, Bit, TR, +, WFIRIL B, FEWFE I R R R

EEHTFETT 18] e ARG

=
o,

B #51982-), B, IhAEHMEMT A,
B #E@9r1-), B, WMEAFTLmA, HLt, R +, BhEWFIE B, EEFIE N & DR
F B I Ty 1) R = DR A



