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Abstract

Recently, research has been proposed using a few components in digital active phased array antennas to achieve sidelobe blanking
beam patterns without the need for additional antennas, aiming to mitigate the degradation of radar detection performance caused by
interference signals such as clutter and jamming entering through the sidelobes. To precisely obtain the desired sidelobe blanking beam
pattern, simulations are required to manually vary the parameters of the components (such as magnitude, phase, and position) and derive
an optimal solution. In this study, instead of a manual approach, a reliable synthesis of optimal sidelobe blanking beam patterns is
proposed based on pattern synthesis methods and nature-inspired nonlinear optimization algorithms (that is, genetic algorithm and particle
swarm optimization) with the magnitude, phase and position of array elements as variables. A comparison of the algorithmic results
for the synthesis of the optimal sidelobe blanking beam patterns was performed. The optimization results showed that both algorithms
successfully generated patterns capable of blanking sidelobes, with the particle swarm optimization demonstrating convergence at higher

fitness levels.
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Fig. 1. Configuration diagram for conventional SLB system.
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Table 1. Normalized weight of sidelobe synthesis based genetic algorithm.
Elements | 2 3 4 5 7 8 9 10 1 12
number
077« | 0142 | 0772 | 0.062 | 0062 | 0482 | 0832 | 0592 1£ 0112 | 0082 0.82
B 112.5° | 157.5° | 303.8° 180° 281.3° 157° 292.5° 45° 168.8° 180° 315° 0°
Position
index. (N;) 1 2 3 4 5 11 12 13 14 15 16
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Table 2. Normalized weight of sidelobe synthesis based particle swarm optimization.

Elements | 2 3 4 5 6 7 8 9 10 1 12
number
009, | 0792 | 0712 | 0672 | 072 | 062 | 0632 | 0582 | 1. | 0372 | 0632 | 062~
& 14540 | 0° 181° | 3214° | 125.1° | 1058° | 1855° | 151° | 874° | 654° | 140.1° | 295°
Position
index () 1 2 3 1 12 13 21 » 23 31 32 3

409



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 35, no. 5, May. 2024.

H-plane

Main
s MATLAB
|= = CS8T

-80 -60 40 -20 ] 20 40 60 80

(a) E-plane =€l
(a) E-plane pattern

E-plana

MATLAB
= = (57
X

80 60 40 -é[] 0 20 40 60 80
(b) H-plane =&
(b) H-plane pattern

J8 10, /A gl H43 4%
Fig. 10. Genetic algorithm optimization result.

H-field
EEEEEEEEENR

I —» E-ficld

§ 1 GA
i pso

A8 12, ¥ HA43k SLB &4k 914 43}
Fig. 12. Nonlinear optimization result of SLB position.

410

H-plane

Main
MATLAB
- = C5T

80 60 40 20 0 20 40 60 &0

(a) E-plane =€
(a) E-plane pattern

E-plane

dB

80 -60 40 -20 0 20 40 60 80

(b) H-plane =&
(b) H-plane pattern

J8 1.9 4 ¢S] A48 4%

Fig. 11. Particle swarm algorithm optimization result.

A gelstr] 3l o=0°c4 EZH PSO A3 ol
W Z 8ol W array factorg 4-&3H% '% we] A% 1
g 133} 2ol el aHdth 6=15°, 30° W X3 AFStel| A]
AE gAston, 23 A E £ 2k e o
o L
9

A} st AL ¢ 5 ok

% c‘gg‘ﬂoﬂ}q{- % E}a} vﬂa } F IEE AAH
o 3

o, FA8) 9] NS fste] A2713} 8



E-plane

-50 : - :
-50 0 50
f

@) 6=0°

27 13,9 2% 4PN B9 A Pl
Fig. 13. Sidelobe blocking patterns in beam steering scenarios.

ol de HEate] Fuld JI Hd FA /HE ARES)
ok HAs A3, £44 drEs 94 2R s
B e 245 B, g #3 ¢xEFel o
o ATEE /K As gdsien, A48 234E
AA7rst s A Al ol AE-stsle o] A
A Aol Thede st 2] S w3
& HA3 Y array factorE hste] W X3 Aol A
= AE 7heetthe As dlagint olgd A F
A AW AES A A e e Al w4
He Tl 244z 94 7heds AAdT

References

[1] G. Cui, A. De Maio, M. Piezzo, and A. Farina, "Sidelobe
blanking with generalized Swerling-Chi fluctuation
models," [EEE Transactions of Aerospace and Electronic
Systems, vol. 49, no. 2, pp. 982-1005, Apr. 2013.

[2] J. M. Joo, J. M. Lee, J. Park, H. S. Jin, Y. D. Kang, and
[. T. Han, et al., "A study of dual channel side-lobe
blanking beam pattern formation optimized for digital
active phased array antennas of multi-function radar
systems," The Journal of Korean Institute of Electro-
magnetic Engineering and Science, vol. 31, no. 1, pp.
62-71, Jan. 2020.

[3] W. C. Barott, B. Himed, "Time-modulated array pattern
for sidelobe blanking in spectrometry and radar," [EEE

) 6=15°

()

-50 0 50
8

© 6=30°

Antennas and Wireless Propagation Letters, vol. 13, pp.
1015-1018, May 2014.

[4] S. Zhang, S. Gong, Q. Gong, Y. Guan, and B. Lu.
"Application of the active element pattern method for
calculation of the scattering pattern of large finite arrays,"
IEEE Antennas and Wireless Propagation Letters, vol. 10,
pp. 83-86, Feb. 2011.

[5] D. A. Shnidman, S. S. Toumodge, "Sidelobe blanking
with integration and target fluctuation," [EEE Tran-
sactions on Aerospace and Electronic Systems, vol. 38,
no. 3, pp. 1023-1037, Jul. 2002.

[6] C. D. Richmond, "Performance of a class of adaptive
detection algorithms in nonhomogeneous environments,"
IEEE Transactions on Signal Processing, vol. 48, no. 5,
pp. 1248-1262, May 2000.

[7] J. H. Kim, Y. M. Yoon, and B. G. Kim, "The mirror
active element pattern method for the radiation pattern
computation of linear array antennas," Journal of The
Institute of Electronics and Information Engineers, vol.
50, no. 8, pp. 94-102, Aug. 2013.

[8] N. Ghattas, A. M. Ghuniem, A. A. Abdelsalam, and A.
Magdy, "Planar antenna arrays beamforming using
various optimization algorithms," IEEE Access, vol. 11,
pp. 68486-68500, Jul. 2023.

[9] D. W. Boeringer, D. H. Wermer, "Particle swarm

optimization versus genetic algorithms for phased array

411



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 35, no. 5, May. 2024.

synthesis," [EEE Transactions on Antennas and
Propagation, vol. 52, no. 3, pp. 771-779, Mar. 2004.

[10] D. Marcano, F. Duran, "Synthesis of antenna arrays
using genetic algorithms," [EEE  Antennas and
Propagation Magazine, vol. 42, no. 3, pp. 12-20, Jun.
2000.

o 9 B [FAWGWAALIAE]
https://orcid.org/0000-0002-5855-9136
2023\ 84 FAM L AAYH S

a (T3
5 » 2023 89 ~&Al: AW AT

W A [ 29T
https://orcid.org/0000-0002-3201-3848
2015 2¢: Feoisty Aot

(F84h
2017\3 29: F3oisty Ayt (wg
e A

e 20173 7€ ~ @A A 2E-(F) doltt

N’ A7 A7
T M (= mpzON doln AEAE, dolnt
X2

2~

5 F 8 [BEA2HATY
https://orcid.org/0000-0002-9774-4043
2005 29 obFrhsta A

ol
Lo
-z
a_‘]
£

, A
2007 29 o}t Ay et e (78t
; A2
: 2016 2¢ : Ashga At (3
‘ ) REA)

-

A7s A7e
[F TYRO dojtt AEAe, dolth 429

201613 84 ~AA: S3pA 2" (F) otk

412

[11] J. H. Holland, "Genetic algorithms," Scientific American
Magazine, vol. 267, no. 1, pp. 66-73, Jul. 1992.

[12] J. Kennedy, R. Eberhart, "Particle swarm optimization,"
in Proceedings of ICNN'9S - International Conference
on Neural Networks, Perth, Nov.-Dec. 1995, pp.
1942-1943.

A4 4 H [FA /AT
https://orcid.org/0000-0001-9354-1807

19961 29: St Ayt (5
/\]—)

1998 29 A ey Axgsta) (38
A Ah

20029 89 ~dA: e3A| 2E(F) gloltt
Atk A7
Z LAEON doltt AeAz, ot

T = ) (AU /R

https://orcid.org/0000-0002-3794-3171

2005 59: "]=F University of Maryland,
ECE (3%}

20083 129Y: U= Virginia Tech, ECE (&
SHA A}

201213 129: V)= Virginia Tech, ECE (&
a}g}/x})

2008 5€~2015 10€: W= &l +

2 (NRL) 9179
20159 119~20179 2¥: 1)< Rose-Hulman ¥t ECE Z1F
20179 39 ~AA: S St AAH RS Py
T HAZ0H #oltk 9 A, wlelAZ sy v g} A|AF]

[—l_ (L8
A8 A%, 724 4475

s

[
A %
QY

4



