Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2022.23.8.22

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 23, No. 8 pp. 22-30, 2022

55 24 e ned G eve] Wy 58 HA3

Beam-Steering Efficiency Optimization Considering the Active
Element Pattern for Phased Array Antenna

Changseong Kim', Seul-Gi Park!, Young-Mi Park’ Cheol-Soo Lee*
'Hanwha Systems
“Agency for Defense Development

2 =rolAE Qe Y] 55 A fiEe 1t )T 8&2 HAT et T
2% FuYFNA AF A4=E A7F 942 2 HlE 2] BAF dige] BE S5t Jeci=g
I AR G 2] AL 2 S AEY E BAY ARE 8] Adolsta, o|2 dsf MR m&o] At

JEE 2 A5} Holss 2 HlE 49 55 A& Hido] nE AR 94 TRt IR TSR E Alitete
HHS At HiE AR 55 A& HE2 CST(Computer Simulation Technology) - MWS(MicroWave
Studio)Z AlEgolAd =t A3k 94 79k AE 7HEA] AE A9 ¢HEU o] 5 9 Rk AY& H| w5}
U2 a8o] /MAES Sttt 2 A3 @& AEstd, 9 7 o] AAE 7H Ul kel
W A 7ol AolM E8E7 B2 AR wHEd

°I' o o
Tj UE 10

].

Abstract This paper proposes a novel method to optimize the beam-steering efficiency considering the
active element pattern for phased array antennas. Phase excitations by the steering angle were
calculated assuming that the radiation pattern of all elements is the same in a conventional
beam-steering algorithm. On the other hand, the radiation pattern of elements was different because of
mutual coupling and edge effects, so that the beam-steering efficiency decreases. Therefore, the method
to calculate the phase and amplitude weighting considering the active element pattern is suggested. The
active element pattern, including coupling and structural features, was simulated using CST-MWS. The
improvement of beam-steering efficiency was confirmed by comparing the conventional algorithm with
the proposed method. The suggested optimization algorithm is useful for beam-shaping technology in

the case of phased array antennas, which have many elements.
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Where, 5,,, denotes array factor of x-direction,

S, denotes array factor of y-direction
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z
m : x order of elements
n : y order of elements
: R

Fig. 1. The structure of planar M by N array antenna
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Where, 1,,, 1, denotes excitation coefficient, d,,

d, denotes spacing between the elements along

B.’/

denotes progressive phase shift along the x-axis,

the x-axis and vy-axis, respectively, 03,,

y-axis, respectively.
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Where, 1,,,, denotes phase excitation.
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Fig. 4. Active element characteristic at 6 GHz in
direction of boresight(Az/El = 0°/09).
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Fig. 6. The procedure of the weighting optimization
(single polarization).
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Where, w, denotes weighting, G denotes the gain
of antenna, U denotes the radiation intensity, Pin

denotes the input power.
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Fig. 7. The procedure of the weighting optimization
(dual polarization).
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Table 1. The change in gain by number of repetitions
(Az/El = 45°/0°).

Gain [dBi]

number of
repetitions

0
1

Frequency [GHz]

2 3 4 5 6

13.5118
15.4749
15.8161
15.8546
15.8587

17.1393
19.7699
19.8380
19.8394
19.8394

19.0157
21.8421
21.8506
21.8507
21.8507

21.1580
23.4293
23.4386
23.4387
23.4387

21.9038
24.5629
24.5636
24.5636
24.5636
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Table 2. The gain of phased array antenna by weighting
factor (single polarization).

Gain of phased array antenna at 6 GHz (Gg) [dBi]

Steering 1 apply
angle [wl=1"|apply w,, | apply wp, Wy ,Wpy,
M| 18969 | 190542 | 241604 | 242251
AZ/EL
e | 191923 | 193016 | 219608 | 22.069
Az/EL

Sy | 141858 | 164513 | 197623 | 202477
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the

denotes the total active

S denotes antenna’s

Ft

a

Where [b]

scattering matrix,

[S]lal,

reflection coefficient, a denotes the excitation

vector, and b denotes the scattered vector.
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Table 3. The normalized total accepted power at 6
GHz (single polarization).

The normalized total accepted power(l*‘lfllz)
-45° slant (dB)
I

Steering angle [w] =1 |apply wy ,|apply wp, appy
: wA‘an.n,

AZ/EL 0.9756 0.9748 0.9754 0.9745
= 0°%/0° (-0.107) (-0.111) (-0.108) (-0.112)
AZ/EL 0.9554 0.9569 0.9581 0.9585
= 45°/0° (-0.198) (-0.191) (-0.186) (-0.184)
Az/EL 0.8750 0.8775 0.8909 0.8918
=45°/25° (-0.580) (-0.568) (-0.502) (-0.497)
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Table 4. The gain of phased array antenna by
weighting factor (dual polarization).

Gain of phased array antenna at 6 GHz [dBil

Steering angle [w]=1 apply apply apply
Wan Wpn | WanWpn

G | 24.4845 | 24.5225 | 24.6003 | 24.6362

f%ﬁ%o Gy 18.9669 | 19.0742 | 21.8584 | 21.8866
G, | 23.0536 | 23.0643 | 21.3038 | 21.3487

Gl | 21,9038 | 22.1350 | 24.5635 | 24.7820
MG 191923 | 191289 | 216103 | 217962
G, | 185726 | 19.1205 | 21.4861 | 21.7470

G | 16.6308 | 16.9301 | 22.1608 | 22.3586

:Q;//EZLSO G, | 141858 | 141211 | 19.6523 | 19.6720
G, 12.9705 | 13.7086 | 18.5831 | 18.9986




FAte71&te=E A A23E A8E, 2022

Table 4+= o|5HT} 3G SHEUlA 6 GHz &

Ao AAE D H§ 7HEA0] HE Bupd ols, &

o) 54& UEUIH. HolAelE(AZ/EL=0%/0%)

2 A g o AFPLE J1EH] hE

el o]50] S7HEE & & Ut

a2 T ueaE

Table 5. The normalized total accepted power at 6
GHz (dual polarization).

The normalized total accepted power(lfu—;‘z)
+45° slant (dB)

1
Steering angle| [w]=1 |apply w, ,|apply wp,,| ap;[ay
! ) Wy n,Wpy,
AZ/EL 0.9756 0.9755 0.9754 0.9753
= 0°/0° (-0.107) | (-0.108) | (-0.108) | (-0.109)
AZ/EL 0.9552 0.9559 0.9450 0.9503
= 45°/0° (-0.199) | (-0.196) | (-0.246) | (-0.221)
Az/EL 0.9301 0.9279 0.9303 0.9275
=45°/25° (-0.315) (-0.325) (-0.314) (-0.327)

The normalized total accepted power(1*|1—;‘2)
-45° slant (dB)

Steering angle [w] =1 |apply wy ,|apply wWp, | . apl?ly
! ) Wy n wP., n

AZ/EL 0.9756 0.9753 0.9754 0.9752

= 0°/0° (-0.107) (-0.109) (-0.108) (-0.109)

AZ/EL 0.9554 0.9564 0.9506 0.9560

= 45°/0° (-0.198) (-0.194) (-0.22) (-0.195)

Az/EL 0.8750 0.8766 0.8734 0.8846
=450/25° (-0.580) (-0.572) (-0.588) | (-0.5324)
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Fig. 8. U-V pattern of array antenna gain (Az/El = 45°/0°).
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