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Abstract

There have been many studies on the direction-of-arrival(DOA) estimation algorithm using antenna arrays. Beamforming, Capon’s
method, maximum likelihood, MUSIC algorithms are the main algorithms for the DOA estimation. Recently, compressive sensing -based
DOA estimation algorithm exploiting the sparsity of the incident signals has attracted much attention in the signal processing community.
In this paper, the performance of the L1-SVD algorithm, which is based on fitting of the data matrix, is compared with that of the
MUSIC algorithm.

Key words: Compressive Sensing, Sparsity, AOA

.M 2 $, 27 340) Bb5E UL 1EHOR 38

—}F AT HloE A H S fittingshe W4 F 3Lkl LI

USAA 71 2006 ©]F Ao A AH IS VD ¥ EES 270 voly s H e g o] Ay
THOE A717F Ao gEkel o] 24 Edof 27 ’*‘ﬂ% o]-&-3to] fittingdt= ZolA A&t EE AW
g FA A e TR, 7I1EY EHd F4 7] S o3t FAse WS ol SR EN FIA S
Wi dEA0E g8 7ed WaoE HET 5 9 EGA, Askeko] B Exﬂﬂ PP T A E
© WS A FFAA 7S AlS 7} 8] Ax(spar- sjAst7] 9l HolH 3 E-g SVD Talfste] JHE FH
)3ttt A4S ol &ate ezt 34 7l Hshe et QoA Ak ZO]L L1-SVD ¢ g&e] ¢
uh o tp Bl 21 5 0] 8] 4 K (sparsity) S ©] 23HO EH A AGATH. A =zt A o] Wo] 2olE MU-
gto] H AW SHlY &t 4= o] Ao A5 7} YAtEE SIC ¢38& 4, 78 A Aaf 3743 As 77

AlZ 8w A 25 A8 (Information and Communication Engineering, Sejong University)

LG Y29 C4l 9A-F4(CAI Lab, LIG Nexl)

- Manuscript received February 5, 2016 ; Revised March 21, 2016 ; Accepted March 28, 2016. (ID No. 20160205-017)
- Corresponding Author: Joon-Ho Lee (e-mail: joonhlee@sejong.ac.kr)

388

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved.



gof a7l YAtAlS S NFE Yotof gk
goh Begh, o H o] YA Ale Tt kel Q)
TR B9 ranket YAFAIS S TFTE A
o _l;_gHﬂ i;(é}\] MUSIC olﬁﬂzg /H
o] - ZMFM TARE ZA 911:} oloﬂ HPoH
L1-SVDE 9AHIS 7H A
UAF A 27} o] Slzte 3
Ao M7t Aok dAe olf
A7t Ave AR 2 A
B =R ME L1-SVDY 2re&9 A%
98 MUSIC €853 Hlaste FEA-S Golr gttt

II. Cloje #H&EQl 50|zt =olf(Singular Value
Decompositio: SVD)S S5t a2zt £

M) L B Dol
3 e,

y(1)=As(7)+n(z),

FAF doH y(t) = e

te{t, -t} (1)

|:y1 ,” ’)’M ]T )

7]
—_~
~
~
Il
1
i

—~
~
~
©
=
5
—~~
~
N—
| I—
=Y
~
()
N

1
N
—_
~
SN—
| —
~
~
=

BeE SJHlBhE ny (), ny () 500} 5
o] ko] 747t g20lal, Hetol 02 AFEES WEE
4 dE weety 7Ptk makA () e 54 At
BT AY Aol 9 Al ML G £ oJvl3)
T, Ny A sl W med FR 09 Agolth. o]
g o83 4% TeF 2o] Ao 4 Utk

A=[a(0).+a(0y,)] )

(97):[0,1(gn),...,aM(Hn)JT (6)

Ny>M o]7] wiFo] 4] (1)= HZAA Al ZH(under de-
termined system)©| T}, YA T 2] YA | FE d 2L A

5, N,>d o]

Ao 2N 7RIS A, e 2o 48 49

sk

o

Y=[y(t)..y(1)] ]
S=[s(t). (1) ] ®)

N=|:n(t])’...,n(tr):| )
Y=AS+N (10)
5102 9% 44 we %anxa 948 52 74

S
o
[e3
o
r
N
e
do
R0
r&
_@
O
5
&
o
fljo

< & =dzs

=1, U:Hermitian3 &
VV# =1, V:Hermitian®) &
L : diagonal (11

<
|

c

g

<

. T

— '.<

(e o
c
|

UY 958 Y 9% SoluEox, Vol
o yade) 922 Sojugolt 121 L9 tgA
Hee yade) Solgeln

Y,, =ULD, =YVD, (12)

D, =[1, 0] (13)

o Kx(T-K) A7)
JUl@E‘r. A71M K = 44

389



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 27, no. 4, Apr. 2016.

A% A "ok fAREE B 0E O3S J
)]
s
S, =SVD, (14)
N, =NVD, (15)

YSV - ASSV +NSV (16)

Y, 9 Zt7te] 52 ARy 7te] EoluE el
o} 917] WEe] grick A e 2ok

v (k)= As™ (k)+n® (k) k=1-.K )

~(1, 2 .
si(/ )= szzl‘siSV (k)‘ i=1,N, (18)

EF B2 uHE g% ey Fosd oy
o)

o,

=
=
e MELE 4T >

min”YS,, —AS,, ||2f + /1‘ §()

| (19)

]

~

9,
il
+
>

29

F2- dlo]ef ¢t & ] U3 fitting

S, & & U i wEAE AAst
Aotk 4 (19)] &3t A HA P& g
fittingshH 2 3= 7M1= FtolH,
A4 s 7HAE Folth A%
% 3 Fo] fASER ul

e & SHE FH,

Mo

e}
X
©
°
g2

N
ofN

]_

b
i)
oY
2
il

opm ok
2
o
lo
ot
>
oty
&
i
2
lo
>

,d
X
ol
ol
g or
2l
>
=)
fo
o
oy

>,
fol
St

in}
o,
=2

9

=N
rr o
o)

N
o
W
X,
ofi
ol
2
R
N
)
oo
o
oy

2
oX,
olf
o M
>
M o
4
o
ol
ol
e
=
i N
=
i

F % A gl $A5
o

T2 o~ R ot 40 > rlf ot
o
F~
St
:t){é
il
o
rir
B
-3
o\
o)

4o
1>
o
>
o
BN
r'\l
o
fas
nly
=
ofo
ok
e
U
==
ol
ol
rg
Bu)
dlo
A

390

24,

min ”5([2)  subject to [ Y, - ASy, "2/ <p

(20)

A IS Atz SHA chi-square 3] T3]
goprny

{X,, i=1,--,n} 7} LLD(Independent and Identically Dis-
tributed)©] 3, o] 00]™, E4to] o2 ¢l HEE WY
Hed o, o 2ol x & Fdth

x=Yx’

; 21

9 2 B3l X & AFE7F n 9l chisquare WY W
o], X ©] PDF(Probability Density Function)®} CDF(Cu-
mulative Distribution Function)= T2 72t}

x

1 2*17 2
x2 e?° x>0

0 otherwise (22)

0 otherwise  (23)

var[ X | =2nc* (25)
21 A9 MEA

B A2 WEHEA L wjritk 78 12 49 I
So (1) 2 AR A5 AEUFeHe] Heba 4



NG [ —ZZI §§|”f(’f) B N[ 7
A7} 2MK ) chisquare £EZ 2L & 5= g
weby e e A8 uEas 48 gy Hg

(Sor (2) 7} dek= 371 )

E["YSV _AS,, (1)||2/] ~E[|N, [} |=20°MK 2

212 22 MSOiEEH|(—20 dB 0|3

o Aol 49 N «1 A717}F wi$- A A
go] YaNo| 7, [Ny = Zcr o2 Hr} ojug]
oot YO WAReoR 4P Solgolt(ie
2o 2L o7 Poll frelslok dth,

a5l 8%
K
H‘}ﬂ'}‘i "YSV —AS, (ﬂ')"i :ZUZ < E’l’é‘g}}\f Ssy (/1)
=
g 2y O e 4 & Mystd "ok

22 fo MH

th #-2-Holl wat Ny, 7} chi-square

<
RIZ G2EAY) Y3 ot Lolugrh o] AU

o T w H 4B SV
AHFE=7F 2MK 1 chi-square X E WETE AS €%
o wEM pRE A E7F 2MK Q) chi-square®] CDF
7} 0997} H+= e s R AAs
2\ _
Fp e (87)=0.99 @

AN Fpe o (F7) £ 4 @14 4ot 91 42 %
S e I, 2 ool 01§ & A Foh
222 52 A BEZH|(—20 ¢ 0
NENFLE e A, 2128 Fa AHe

4
K

2 Ny, ~Xol dg Ml HUT g SAMeE
k=1

INg[2 o) h3Re) %S 588 & 9l o] A4l
oF 87 W2 FAHoR r
k=
20294 ol 1Y 2 ASE o= HYs
kel

2 olgstel 2% F5L Wk

. Al=gold Zxt

29 18 2he) GARIEIE Sisk 7o) Sk o, 24t
of thalA 250Me] AEH e HE se] Solzksh Ny, &
o183t 7ol AL uel Ttk ¥ A5

H 1. 4337 setv
Table 1. Parameter of the simulation.
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Fig. 2. MUSIC and L1-SVD spectrum(linear array, two un-
correlated signals).
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Sig=2, SNR=50 dB, DOA= -45.0, 45.0, |[Y, -AS, |?=21.8
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Fig. 3. MUSIC and L1-SVD spectrum(linear array, two co-
rrelated signals).
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