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Abstract

Phased array antennas are commonly used in earth stations because of their fast and accurate beam steering characteristics. The
sidelobe of earth station antennas is strictly regulated internationally to avoid affecting the adjacent satellites. To suppress the side lobe
of the phased array antenna, the accurate amplitude and phase of the signal must be fed to each radiating element. This paper proposed
a method for calculating the amplitude and phase of a signal. The proposed method can rapidly and accurately calculate the amplitude
and phase of each radiating element signal by setting an arbitrary phase in the radiation pattern reference. In addition, the proposed
method was verified through a beamforming problem that satisfies the domestic radiation pattern reference.
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Fig. 1. Reference radiation pattern for FSS communication.

olFd AT=e A% ARG W A Adelvel A A7

)’

Cost(a Z [10log(|D;|)—20log(| AF,(6,) @®

A7V M2 #5 3F, | D)= 0,90 sk BAt o
© g4, 1213 AF,> A3t AFolth

I8y TESME e B9 dAE Sls
G4 EA Ao, A Q)& HEF A, WA A S
o]

)
o 4% 2718 W F5Y WeR e} B,

_0_
| .
o
=

© H&Ere ¥g AFE VA 4 daeE
o] Hatsld Wt ohyel, FHEETF Fade A
o] Sith
IV. A ekel 2

I9 2%k 2ol #4 A A W 4 A ¢
HHA QL frl darelFe] vl getare] A8 A, vt
o WE7h 207 o dagFe] FEEETT dast
A ek & ZellMe 1" 2b)9k 2ol & e BMTE
zhe M AR WS AQEtTh AlRHE W
ALY A9 s FreEliY G WM 2R
AAEEA, 018 7|WOR LSMS A& 02N WA} o "
TFAS WEATE WAL 27 A9 A7)9 94 HH
a5 AEshe oItk ol HIER MF JFE
o §4 dege 24 S FE F Ak HEo,
LSM= o] &3te] ¢ & A=80 24, random 7|HFC.E @

Input Cost Result

Function
](a)
o M exp(a) ([ cost ]
(@ 2 FA FIEF
(a) Conventional GA

Input Functlon Result
(b) Ate ¥
(b) Proposed method

J8 2. v &% 555
Fig. 2. Proposed method.

695



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 8, Aug. 2020.

£ 2=

hi

rir

7]

rh

)&

Rl

[e] o [e)
Fut S5 45S Zen

4-1 Weighted Least Squares Method(WLSM)

LSME st 58 W Ao o4 AluS 48
A71E | ‘%‘é ojth. o} 7]l 4 (9)¢k ol HelHE 7+9] 7}
“uﬂ"] SMoltt. #1%4 Wi Qe

}\

T &l W 8 W X
gpztel A 8] 2atel © 2 7teAlE A&tk 7 A

S 2 Gaussian &<, Wendland & 59|
ARG B =R M= 4] (10)2 7o) Gaussian 4

argamm I'w"(ID|-1Aal) I 2

W, =exp(=1;/h*) (10)

714 & QW] 237t ¢
g, I3 he HolHE 7H

& 2 (Diagonal Matnx) WJ E]]Qﬂ 20 1:},

T4 A A H I EA WLSMe A &ete
o e, 7t A &2 A5 complex 301 AR, 8E
AL " 1A | Dl AUl BE WLSME viZ
A& gitk o9} 22 A E s Asty] flal WAL o
|74 |DI9 S WE 22 A o)d we}
A (1) 7o) WA SE 4 | Dl o] A= §ld

0]

Fll‘

| l‘

X

arg min 1/2(v_ 2
0 WY Aa) I} n

Y; =|Dlexp (jz;) (12)

2] (11)01] WLSMS A-&3te] £H 2] (13)34 22 8l &

ayrsy = (ATWA)ATWY (13)

= conjugate transpose®] ™, regularization< A}

696

Proposed 2 o

[ Initial population ]/ #1 |36 | - 2.5
1 ; ; ;

Evaluate Cost ]* #m | 61 | - | 14

I}

New Generation

[ End ]'-

’,[ awien = (A"WA) T ATWY ]

Evaluate Cost
#1 J(a)

#m J(o)
m : The number of population
N : The number of radiating elements

28 3. AR WY g
Fig. 3. Flowchart of the proposed method.

2 "X 1dlA A AL Y 749 9 2
g g8 8l 4 gaEEss A&sant AtE
Y sEEE 19 3% 2

T4 GrEFoA AR AL 8 49 9% 2 5
ZIRke 2 A (13)& 483t WLSME] 3l ayons At
=33th

ARME A4 FuEFY g A (149 2

Cost = Ew [10log(|D)])—20log(| AF,(6,)])]?

:
wi:{exp(w)’ D)< |47,0)

1079 . | D> |AF,(6,)|? (15)

(14)

A7 M BF A%, w i HOlHE ol AEHE 7}
%2, 293 AR, B9 Aol

N ﬁ;ﬂg BEeke 24, HOlHE 2l 4
@}:ﬂ S WAL g Fol

o= AAs )



“(iteration)®] TEE HFTh

FSS SAlS #Ik =l WAL S|l P49 A W 2
ZAzo wel AR FEST) o] waf, dyhy
T4 LeFolA 2 (16)2 2ol 2t WAL &k 9
S 44313, 7]+ Dolph-TschebyscheffS 7]HHO. 2
stA71E W A Bl aekdch

B oX S o%

Za, =—kd,sinf, (16)

A7|M ke Ak 3, d,2 ndA FAF 279 A, 1

1.9 W kg 24
Table 1. Parameters for phased array antenna.

Parameters Value
Number of elements 32
Distance between elements 05 A
Max. antenna gain (G,,,y) 32 dBi
Desired beam angle 0°, 15°
Observation angle range —90 deg.~90 deg. (M=149)
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Table 2. Parameters for genetic algorithm.

Parameters Value
Generations 300
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Fig. 4. Simulated results based on iteration at 6 ,=0°.
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