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Performance Analysis of Cascade AOA Estimator
with Concentric Ring Array Antenna
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ABSTRACT

The Angle-of-Arrival(AOA) information for an array antenna receiver is one of the important factors for estimating
the location of specific signals and detecting signals efficiently, in various situations. The AOA estimator in the satellite
environment can rapidly calculate the AOA information in the wide area, utilizing a planar (grid, circular) array antenna
mounted on the satellite. Since the satellite receiver has the limitation of the array antenna size, the concentric circular
(ring) array (CCA or CRA) antenna structure with comparatively small size but with multiple antenna elements is more
efficient than the uniform circular array (UCA) structure, for the satellite environment. In this paper, we introduce a
cascade AOA estimation algorithm based on CRA, consisting of CAPON and Beamspace MUSIC. In addition, we
provide computer simulation examples for verifying the estimation performance of the cascade AOA estimation
algorithm based on CRA and compare it to the case of UCA.

M=

Concentric Ring Array Antenna, AOA Estimation, Cascade Estimation, CAPON, Beamspace MUSIC
AN 9D e, med R, A2 s R, AR, WIL A

« ZMO e MAS &I (skriekd12@chosun.kr) * Received : Sep. 13, 2020, Revised : Sep. 29, 2020, Accepted : Oct. 15, 2020
o WML =MOetn MAZ st » Corresponding Author : Suk-Seung Hwang

<& o+ 92020 09,13 School of Electronic Engineering, Chosun University,

< EEeka el 2020, 09. 29 Email : hwangss@chosun.ac.kr

< AMEMY 0 2020. 10. 15

849




JKIECS, vol. 15, no. 05, 849-856, 2020

& of BK ooy W EK Jo T = 7 RN
T o e & T W o N
PR & ZHmmT __0 T up mE T
S OmE A, T I T >
< Bl = M e WD = o do = oF
SN g ™ A 0 =
D oy T oo L o Np 2 = T - o J R
i Twm gD B i o B e BT
= <o <2 2 H e K @ =
oo N E AL P = o = oo n 7o 2 F
w5 ° ™ — < ol ar o T = s M
= o ﬂr}%f7u‘.% =) H =< M -+ < M+w.
el == o N
e R A = Wk = 65 =
T i o oo = __o._ ~ =
oy N K T S = o AR Hx = ol o +
‘:on_aw.ﬂloEo 3 ﬂﬂﬂﬂr <l UFL = 2 AO EthUr
S R R ro o 28 GMsv
_]A _ o — — = o
MG - B e . 23 W= R T
C T AT RN T - D w3 E NS e o O
T by o W J R~ =~
W BT er T mruu F LRSS
= oo ok BT e = = caCe 2 e 2
W T (LI N+ s
dﬂo"#o H) = = ‘OI,miLmﬂL.C Mo ~ :._01 .A,Iﬂ_.#o ~NK
e 2w F B R, W X° ko w A
T TR pormlSE Y i <R N nZRw
HEm #rxHTS% T ke o TR
-
R RKBFNAATREIHDTTR®TRITo WK Wb MR = NX BN Y =
SEETELETISRERAIRETERRRESRIEL TART IR0
f . = p— == = I~
%o T 3l T ﬁu_cﬁrwATmﬂ%%%%%%uﬂmﬂ_smﬂqo_l.@iomﬂaa Wmﬂmmﬁyﬂ_.uwz.
ol gl R Loy Sf g B o ) ER ﬂ%n%la%e o _= _ HX =
it o 25 ) x» T & o S 3B ooy ® o oot ™A = 2 o = Y 1
T LA EE L T BRI [ BE s T s s 0T H G
o#o%w]r%i%_]_wu%%aoﬂzoo:ciﬁnufmmoﬁioﬂﬁ_ﬂﬂmrmﬂar% mmﬂ.ﬁolmmumﬁ
mmwioiMﬁ%%%ﬂ%ﬂ%%ﬁ%ﬂlﬂmMur«%ﬂﬂn%Mnﬂn%%m Wit =Bl
R o T ST EETTRE Ty B R w® o e AR e T =
) —_ C _l
T ﬂ@%%@%%ﬂ%@@E,%?%%%C%%wﬂ#ﬂ@%ﬂﬂ% ﬂmmma.ﬁﬂo
i - O A T T = M o I g
< ﬂE%Emamﬂﬂooﬁ%o#%M@ﬂaAE?ooAﬁr].zTLﬁB = %%;Ed&ﬂzﬂw
i et oy 5 PR 0 — B o o U
S opmaBeat R ey TRl 3BT e R pro Py
ol = <N Sy ®E P PP =X o T L T R R E®
A u%%%mr_%.%yo&%ﬂ#u@om ﬂ_sﬂr%mmﬂﬁ oD T
T s i~ I N I S - P WYR E N =R ofp
e NN TSt ® 2R -
2K g = ] g Mo =T N ™ N 9o " 3 8 Mmooy &
< %Mﬁimnﬂwoﬁagmﬂﬂmﬁuﬂ@ﬂmaw%g%ﬁi?ﬂwW%%H%m«mmzﬁm
oﬁoﬂA__QOOEoﬂﬁdﬂ7&pom»\ ,E.ldﬂﬂ_ﬂﬂoﬂuﬂo@o_ < s i
Ja e - ) S 2O
_ﬁaﬁmm%ﬁﬂmﬂ%%u%m]ﬂoﬂadr?%%mhm.%%%ﬂoﬂﬂu.mrfrqmoo»%m7 wvmﬂm
BT ool M%ExM%Qﬂmmﬁ@mﬂ%ﬂ@%u%ﬂriovﬂ%ﬂﬂ%cmwgwﬂw
P W EEELRE ErErE s edT S Yo iae s LT wo 5
FdHE ML N ENTFTEIRHNDRNNRT DT TTT TR ﬂwa@%&

o]t A~
= e

o] Fol

(sample)

[e)

3ll, AAJE A=A o]

S

=

o

Bl AlEo]

3T
IT

g

850



x(k) =As(k) +n(k) (1

2 (1ol A= [a, a, - a;] &
3 MxIL #7]9] CRA <%
(column)& Ao wg SEHHE 2(2)¢} Zol

o] ZItH13].

ol
iy
o
B
o
N

N 2 2

— jor,sinfeos (¢)
e

e*jmg]sinﬁms(g/) —é1)

a,= . )

— jor,sinfcos (¢ — ¢),-”)

2 @A a=2r/A B IFE Yehi,
r,=Md/2r (=12, N ¢iA A7 wde]
HEAlEolaL, M3 d= A7 A 9F wdel 9
et QrElV Axpe] A} ey &b 3F AR E
SERAE, g =2mm, /M, (m, = 0,1, M,—1) &
Qtelv A&zte] 91X E YERE dEzolth A (1)
A ox(k) = Mx1 A719) 41 A5 o], s(k)
= Lx1a7]9 Als ®WEola, n(k)E  iidC
independent and identically distributed) S4< zt:=
o] Qo]al kel o®9l A7l M= 19 AWGNC
Additive White Gaussian Noise) #< WE o]t} &
3 L2 AT 7)ot

. CRA QtELt 7|8t FHAZAO|= =efzt
=Y d2|E

2 FAe g5l 93 a2 A

FHUE A& AxAE g 4 gy

2 Al aAel= TijZt A duEEe 1

9} 7+o] CAPON#} Beamspace MUSICO. 2 T4

ATk CRA SHHUE o] &3t 2%olA AAE 4l

g £33, $A0E A5 Mo med 34

i
&
=

1o o
o
of
) =
P =
L
Mo
o rio
oy 7
N 1z
- —~
op
oL
=
2
™

Y \ AQA estimation of Beamformin
1Y 1" AOAGroupingusing |_ | Individual sgnals within Ll based ong
Ly CAPON 2 ADA Grougs usng estimated AOAS

Beamspace MUSIC

I

% 2. CRA SHE|LE 7|8t FhAA Ol TefZt =
gdueE 78 +=
Fig. 2 Basic structure of cascade AOA estimation
algorithm based on CRA antenna

1. ¢ P9 phase mode B3E& S8 7h5A] ¥
B AW, yring)
1 2/ M eju%r(]\f,,—l)/ﬂg]ﬂ (4)

W —

u—gqring

2 (2U+1)><(]|/[] ++j\4q)i]’%]_-°/] phase mode
B4 ﬁ])&(BPM: [(CJBII,)]’"'?(CJBH){I})
CJ=diag{fU,"‘,jflyl,jlz"%j[]}
~CJ€R2U+1><2U+1

1, <2U+1 )

B= [W,U-" Wy WU}v Ber”

A7IM, U=ar,= ¢4 49 wide] Huxd)
phase mode ©|t}.

3. qRUA1)X (M, +---+ M) 249 &3t
22 ALB,=V'B,)
V= [Vl T Vq} ,VER(ZU+1)><11(2U+1)

EE!

851



JKIECS, vol. 15, no. 05, 849-856, 2020

1
V.= s [Vam o viag) vlay)
,VZER(2U+1)X(2U+1) 6)
A7 v(a,)= e e T 1 M )
2
Eqv auzﬁvu [—U}U}OIE}

4 WER AR (b(k)=B x(k))

o] Ao d& AHE A (DA Fo7 CRA
otelL} 7]8F Beamspace MUSIC ¢aie]&e] &7k &
HEHo| 243t}

=

y =
#2 #hE B AvEL A9 92 gES o
gae] A 1 el A NE EAte FHun

2 Fo A= CRA HHIUE A&3 sxAols &
#7 4 daEFe] 4sdte A% HAFE AE
dold Aate Atk AsH7 AlEH oS 913

Signal to Noise Ratio, SNR)&
20dBe} 10dBQ! + A$E 1yst9a, o ZAAE

UCA QtelUE &3 AaAol= darefFat Hlay/
ettt Algdelde] Abgd ATRIL [14]
/\1 AAE FeA mdS e r [7he] CWC

Continuous Wave), A& 2719 WB(: Wideband) %
S Az, 1719 AM(G Amplitude Modulation), 1711¢]
FM(: Frequency Modulation) A5 13 O}ME}‘ 1
w2 AlzEd dig mAMFEES & 19 8.9k
itk AlEE OS] Hold s fl8) BE Al$e] 1%
72 7702 Fdsitta MER, EE A
SNR 94l Fdsitta 7148t A

852

&% UCA shelu}sl CRA Seluel oljuiss
o Sepso) Qrk
1%l 32 SNRe] 2

= %2

etz QAbE
edow Ay sl ®

g 4= SNRe] 20dB
UCA <helvel CRA

T AHEHES

2
rZ
1—011
é
=
rot
N
j‘:L
4>
F?‘J H l

3

o}

= FA 5 ma Fohse 29
Y 72 SNRo| 10dB <9I %
(‘)l_

Bl

o2

_E

Hu 7189k CAPON €11
Ebd

o,
hui
o
o
oo
o
o
1z
i,
b

o JIRY
)
o
o
=
=2
(@)
(@)
>
rO
4,

eamspace MUSIC &g
5 Aoty CAPONI}

e old AlE#ol A}
=

N
]
N
N,
3
o,
m
S
[o
X
24
ol

2

Beamspace MUSICS] 3
2 #e sk
AEA A5 =
e 4 itk

10dB SNR] 7, 20dB SNR
o] Fa o] A= ¢
de 2 92 gss ¢

e

3

el [

= T

L UCA 7o) Ajzslo)= w2t 34 dnels
7o A

5 =

Z]

10 OIF

N LI
mlo o

ek

1‘1“

L

A2 gl CRA 71l 712
SCIEERST
o e Ase sHite
. CRA Stelutel 2
s 2ol el A

o
>~

po)

o =
-
i)
o
Jor |0l
i
P‘L
£

[

T

ot
N

hal

K

o3k
Z

2,
i
rlr
o3
k)
o
N
N
™
i

f

4 4 S Lo ool
Kl
K



FAA G AHUE A§F AsAE B 2 AR

Beamspace MUSIC(#= 77°)

kR 1 TTH AlgE‘HOI E ‘?’lg._l' A|_I§ I:||'|7|'|‘:|d£l\_ ” : 0 o
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Table 2. UCA and CRA antenna parameters for 12 5 UCA 2 CRAZ A 2%+ Beamspace MUSIC
simulation qnz|E 2 A€ EZH (SNR=20dB)
- 4 7 Fig. 5 Spatial spectrum of Beamspace MUSIC
g K q q U algorithm applying to UCA and CRA antenna
UCA | 1 | = | 20| d,| 08| M| 16| 6 (SNR=200B)
Received Signal Spectrum
I r | 05| d,| 04| M| 8| 3 ""“
CRA :
29 | r| 10] dy| 08| M| 8| 3 e

I
@

Received Signal Spectrum

Magnitude (dB)

g o 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
= Normalized Fregeuncy
B a2l 6. Al M3 AHEZ (SNR=100B)
=
Fig. 6 Received signal spectrum (SNR=10dB)
o ] CAPON(#= 77°)
o 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 15

a2 3 FAl AMS A= ER (SNR=20dB)
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