THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. 2026 July; 37(7), 656~666.

https://doi.org/10.5515/KJKIEES.2026.37.7.656
ISSN 1226-3133 (Print) - ISSN 2288-226X (Online)

7HHE AE i dellA ] A5F WER W
Adaptive Beam-Forming Method for Reconfigurable Linear Array
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Abstract

Although uniform linear arrays (ULAs) are standard in fixed settings, the rise of reconfigurable platforms such as unmanned aerial
vehicles require nonlinear array optimization. However, the high computational burden of traditional global search-based metaheuristics
poses a significant challenge for real-time optimization. In this study, we propose a method that integrates geometry optimization for
direction of arrival (DoA) estimation and interference-aware beam forming. We analyzed the performance of the MUSIC algorithm across
various reconfigurable array geometries to determine the optimal configuration for DoA estimation. Subsequently, an adaptive beam-forming
technique was applied based on the interference directions. Our proposed recursive algorithm overcomes the nulling limitation of ULAs
by refining the beam width of weight-preserving arrays while maintaining the main lobe gain. The simulation results, depending on the
number of interference sources, validate the superior performance of the method against ULA and weight-preserving configurations.

Key words: Reconfigurable Array, Non-Uniform Array, Beam-Forming, Grating Lobe Suppresion, MUSIC Algorithm

LM E 2T E e Boleld B2 HEA S BuelT, 7
RABE AN A8 AY £ 2 0|7 Yoy
HFete U= Holth, FAFAL A 9 A AR B3] g4 olbu ARE o]8d Ao Wz 79

M AT AFCEAAE A ALoE A ER=7]1EFA(No91508720)E B2l T AT9.,
3H3}A) 2l (Hanwha Systems)
#1318 T 4 (Agency for Defense Development)
- Manuscript received February 24, 2026 ; Revised March 17, 2026 ; Accepted May 5, 2026. (ID No. 20260224-009)
+ Corresponding Author: Jaewon Chang (e-mail: cygnus6@add.re.kr)

656  (© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



& Yok Al Ao g9 o5& EHE‘H?P Gl
FEE SRR 33 HAeHo= ﬁ?l‘:}
Rty o g2 AMRE = MVDR(rmmmum variance distor-

tionless response), LCMV(linear constrained minimum vari-
ance), MRC(maximal ratio combining) 52| 7] #l € <]
71t F+27F A E AAEelA A At mE A
(welght)e A stohe WA 2 AFHPRIN. F9 A
3 Wl G(ULASs: uniform linear arrays) 734 80| &
o]sl et Aol A2 ]%—3};}\:&, TAE FZE QA3
37+ A7 A g o] 54 7 $¢A Aol Est
& A7 BAst E¢F Dolph-Chebyshevit Hanning
So 9ES 710 EYL FER k] 27] ko] 2
Az A7V AT 540 G

Ao & 3l =
A9} 7HE A S FAlOl A stehe Arh FEEA 9
AR 718 HA sk WA S AAIZE Hdel e
g3t Al S Bl Fd9 3 2] S(genetic algorithm)©]
U ﬂ%(greedy algonthm)% A SEE wEy

Ciais
Hot7] doh ‘i}“ﬂ Za R R —’Fsﬁé}
P&+ 3] 24 SH(particle swarm optimization)L} 574
A RARAL &3 2] 5 (modified ant lion optimizer) 5] |
E}r 2] 2~ E(metaheuristic) 7|HES 43 Aol &
st vsk AAF BERE 2 ols] A7 228 Hx
B A 2" Ags7] o ol A2 S AteA
A3} A7+> MORELA(modified reinforcement learning
algorithm)= 39.06%, QPSO %52 37.82%, MALO
AT EFE 520727 228 A

B =7 M= 23 3l(closed-form solution) 7]¥+H] 7}
A S ARE =24 ‘ﬂ"]i A gkste] wi g °]x]§‘

| 7T Attt B dae|E
5 E'_E = X‘ﬂﬂﬂ MUSIC &32]&

o

MoAr X I T ooE T of
op A2

-

NE 224 A gy A3 g, A g
S ECCREESIEEERE SO FIRER
AAHOR WA o5 Fal AAS 22 AL 02

g wgolxe] 428 WEy Wy

Z o= @5Este] AT tS EHE FEgen,
T o5 HEI} A A Asol FAl StistE =
=4 FEAS Flaith Asdold FalA At
7193 71E W 71 e T o159 A, Askel AT,
Aol WE SHoA Hlwst T&A]S ASdT

[&elMe =8 71 7P e waoteue] Al A B
2 Aoty £ HIFEAE A% A wiA Fx2E
AL, o5 FAE A% 7HeA BE WE 722 A
ek MEAME AAY A LarefFe] A3 Gulo]
E @78 Es Zledth NEoX s dd 7MAls 37
I g NS @7elM e i AlEdeld A34E
S At 7] A A A FH o5 HE 54
& Ak LR VAN E & d79 JHE
QokstH ZES gt

. =2H =4

24 A2 =Y

r(t) = A(0)s(t) +n(t) (1)

0) =a(6,),a(6,;)...a(d;,)] )

28 194 ek e] 424529 veh,

"r(t) = A@)s(t) +n(t)

v

O 1. wjdeteve] FAM e By
Fig. 1. Received signal model of array antenna.
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Fig. 16. Convergence of mainbeam gain over iterations.
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