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Abstract: The issue of single-snapshot direction of arrival (DOA) estimation is researched based on the sparse repre-
sentation of array output model. In practical application, the number of targets is far less than the number of array el-
ements, and the DOAs of signals are sparse in the space, so the conventional array output model can be reconstructed as
a sparse representation model. The the single-snapshot DOA estimation algorithm based on the /;-norm minimization
(L1-min) is proposed. The algorithm translates the optimization problem of sparse parameters into a second-order cone
programming (SOCP) framework. The selection criterion of the regularization parameters in this approach is analyzed.
The proposed algorithm shows an improved robustness to limited snapshots, coherent sources, and closely spaced
sources. Simulations show the effectiveness of the L1-min algorithm.

Key words: single-snapshot; sparse representation; coherent signals; direction of arrival (DOA); second-order cone

programming (SOCP)

0 5 &

{5 ‘5915 J7 17 (Direction of Arrival, DOA)ffi11
YERBEZIE 5 A 38— T N R FE N 2, &
FETCLLIBME . fia. AW, o, HuURERI SR
WHEZANAY. fELERET, TRk
R Z MR, TG 5 2 miE e m) . X T1%
AL % E A5 5 -5 (Multiple Signal Classification,
MUSIC)™ Fl Jig % AN A2 A5 5 2 2 fili 1 (Estimation of

kS BHA: 2019-07-18; &[] HHEA: 2019-09-29

EemB: E5 QAR T I H (11404406)

fEZ &N B KA1987—), B, WISV, -t BFAI7 s 5K
PGS A,

BiflfEH: KK, E-mail: yufei_nra@163.com, yufeil9871128@163.com

Signal Parameters via Rotational Invariance Tech-
niques, ESPRIT)H 1L ACER 723828 DOA fi it
B, T HTESIERE S TR RSN TE
TUREL, I DOA fhivH i Ems T ™ BN R L A A
TR 5156, BART G ANE.  WHLEE) KRR
LA R PEALAI ], RFRIG T 7 E AR A
TR INLEIENE . IXAERAERFERS ALY, H R
BT TN RS, T HASEE SN E
S HIBGETT M ARER AR . AEME SRR IEE)
FIEPCEN AR &, FATICEEAT R K T
KA, X AP T BUR A, Bt oL T
HAE—Pn, B, FET 204 EdE 1 DOA i
LD & TovEE Y.

SRS o/ R T ey R SR SIS S A ]



628 =R

EAN S

2020 4

LR T HRFEE N e, R T REER
ERWF TSRS . XA R E R AR AR
BRECRFEPUnEE . T 2RE S FEIIBARE .,
5 DOA FFLE /NGRS, #HAAMR
e RETE. HREBESLRRN AT, HIsE5 M
N TARE T E, HARfE5 DOA AHXTT-2%1H]
RIS SCR AR G (1A% B8 PR B A5
RATH AR N, 19305 3O IR B R s
B, WL T —Fh T 1 -YaEum MU 441 DOA
fETHEVE(BIRR L1-min 53%). 28RS S 50K
fifi Ir) ALy — B HE LRI (Second-Order Cone Pro-
gramming, SOCP)l @1 — i, FHAE KM
RIMHESE R, [RIRHR T8 vE EN LS4
RS . L1-min BVELE/IMEAR. T 2265
Hbrf5 5 M B B /N S AR BEAR 2 N R AR IF 1Y
flviPERE.

1 R AR

FIE K Mg EwE o NS B H M AT
(4 [R) ) B 0 A4 B 11 320 51 28 1 B &) (Uniform Linear
Array, ULA), JfR8L K M5 55 ULA 7E[H— 11
P (FESE BRI s, KR 7 g Rl ey, AT
2 AR FIHNE SIS AL, B A5
GO NS, B, X —fRisnT D4R 2
TR, ¥FETH 1 2 M TS, IR 1
VENFERER S E R I0. WS HE R TAL T — R UE
AP R

s(H)=a(t) el o] (1)
K, a() WECUHERER G K, WRRN
a(t)=\Po,(t), i, PASHFECAERIESH
W, o, (t) NEBME RN T 2 S m a2,
THIRE SRR AL o) SRS
BRE, AT RANTE0, 2] A1) S AT B BE AL I
@y =21fy FRWUE 5 ) PO A

Wz, AEt Z, BEABEFI) M1 45 1 s
B Ny

X(t)=As(t)+n(r) ()
L, s@)=[s,) - s (O] NEBBIFE 512 %
Meoo b # M 2 8 K MBS e 51 1A &
n()=[n,(¢),-,m, (O] 9 F% 5 {5 B 0E 044 5
IR A&, A=[a(8) --- a(6,)] N MxK %S [%K
=M, HXT ULA, FRKEaG,) 1T E A

—i22dsing P -dsing, |
a(@){l e T e ()

A, d NHSBREETCIREE, 2 AESHK, 6 NE
k ANME S HPIE T RI(DOA), & SUHIZE S A
WhmYE ULA S&Jymmkm, WA
6, €[-n/2,7/2] -

2 BERLAOM B AR 5 M R T R
ISR A

¥ BFRE 5 0T Rk ¥ A BT @ HEAT N IR
B ARG 40, -+, 6, ) » BRI RI 53 1% FE A2
K, LAZT BARME 5 FLSL A T ) 6, th 2 n LA
AR R — R s 5 3L i — R s
ST, WERQ) AT R MR T R A

x()=Dy()+n(t) (4)
K, @=[a(@) - a6,)] 8 MxN HRGIEE,
—AEM<N, Hf, a@) T n DMK
M1 4E SRR E. p0) NN 4RGSR 2,
HABR T, y0) P HRAEKMEZRTE, WNES
(s, O, Hors @O Eye) THRMNES BIESH
SEHIIE T TR 6, TE PR T KA BT b A — — %
(K)o FESZRRNIFI T,  EARA RS (5, (E I
— %R R R AT REAR R o

—HRH T () FIBMERE () » W 5@ BIH—
PRI S (1) K ARSI 55 0 ff BE XA it 2 A 5
DOA B G35, « KR p(e) IR FIRANT L2
—ANSRIR 2 TR () BB/ 1 -SRI

min|y(@)], , s.t.[x(O)-Py@)|,<B (5)
L, - @), RRFIE @) PAEZRITOERBA
H, ENAGSH B RIR E RV S K

ELESRAFAL R RR(S), AU st 1] & ()
TR TREMAEE LR, B TR TR,
O T7 v 7 R E 1 22 I 2B [H] (Non-deterministic
Polynomial-time, NP) & ¥ 1] .

ZER| | EHRREIE T - B AR R
e, BHET, )2 R TR 1 e
AN LS ) A g Tk it 1 1 -6 Bt /M il R R
L1-min %7%), A:

min[y@),, s.t.[x(O)-PyO)],<p (6)
K, |, Bon E R L SE%. %R DR 5 Ak
N WYHERLRI(SOCP) 1l B () — R X, T 7E B
LRI HESE T SR A

e, K-V B 1 FL(6) 4K b
SOCP [ /s

(1) min[y()|, "TEARA NI SOCP



BLKAE: e TRRR R R (1 R BIR T 1 B R A T 629

e, 0, Refy]

' |:01><N ¢ “:Im[?’]:|

i=l,---,N (7)

A, e A NxN GERALRE T 858 AT R R — A

IxN 4EAT 6] 5, Re[] il Im[-] 43 51 22 7 HUSE S RTEL
EM: RN

<5,
2

el
y=Iy= ez y
ey
FiLL, min|p(, 7T HAE
miniNzl|el.y| (8)
R
minZN;é'i, s.tley| <3, i=L - N 9
XA |

ley|=|(Re[e,]+jIm[e]) (Re[y]+jIm[y])=
Re [ei] _Im[et] Re [7]
‘Lm[e,-] Re[e,-]ﬂlm[r]}
BT, £58()EHE.
Q) |x(O)-Py@)|,<p FFEFAFEAA I T SOCP
e R e

Re[-®] —Im[-D]|[Re[y]]| [Re[x(?)]
[Im[—ds] Re[—«b]}[Im[y]HIm[me

H(L) (2), M=(6) T AR 1 -6 Hm /Mb ]
b vtn R bR AE SOCP [l i :

N
min Z o,
i=l

, izl N
2

</ (10)

e, 0, ][Re[y] .
S‘t‘[ow ei}[lm[y]}f@”‘l’”’]v (0
Hﬁ{e[—tb] —Im[—(b]}[Re[y]}{Re[x(t)]} <5
m[-®] Re[-®@] |[Im[y]] [Im[x(?)]]],
h, XS HIAE =[5 - 6, MEWLE
)
y=|Re[y] |, MpiEIEx01) MR ol — ik,
Im[y]

A B 4% A SeDuMi T B A6k f# iR SOCP il &,
320 A AR B AR v, W p (o) ISR BR AR
F(O)=Re [y J+iIm[7,, ] o

TERH IS, IENASH g eERAE
BHER R B A MFE IR ERE, R AER 215 L
KT IER S E v i R AR R, JEILAEXT
M7 G — TR A L R . — B F,

L1-min FRIENWSEIRIE R EPemlift
ZH B, 5 @)= LA BN RER AL, A
M3 5% B & |x@)-@p0)| 5 M T K A
E[|n()|] R EICHS . XFT M x1 4T [ 4345 B 341E
N0, T7EN o NS R KR )
ln@*/c B M B B EE R 2M ) 40 o A, B
I /1o~ 2eM) . SINSH e, 13 |0 /o<e
PL—ANEm AR - p o, Hf p & —ANEBUh
H, —HF4 p=0.001, MIMHHE e MBUE, A
GBI N 0.999, AN MR K A5
P, WP EN S5 f=oe .

3 fjESL

TELA R B SREG . #Ed 12 NI
BISJERNEARIRARRES], A AR P ANBE TGRS 5 0%
K —2F, Bld=4/2 . BB BAL IR A WS
SO AMAF T RN G B PR AR AR RS, Siis
B BAHE 5 (1 B DR AR HE (50 LE(Signal to
Noise Ratio, SNR)E XL H: Ry =101g(R/R), HH
B AW PEEI D) # . R SEe, B Ry =15 dB.
3.1 AMENIESER

RSG5 77 L DOA 2% 6=-10°,
0,=60° Nt 2] iR o ke, B 1 AT ET
L1-min 535 A% #L 3% R % # 5 7% (Conventional
Beamforming, CBF)f3 2 )8 — k23 (6] Dy 15 4]
K2 T ANALE S 5 B DOA S5
G=-10°, 6,=—5° N3] FIRBSJLFERT, FT LA
R EAAS 0 E S () SRS

HE 1 R EME TR N, YEHRES 1A
FE )RR AR, B L1-min 507581 CBF &E35 7]
DATE LS B AR T ) TR . i H, ASSCEE

0
-10 ¢
20 F

30
40+

-50 - L1mi
GO0F . Cgp
=70 F
8oy M/J \
-90 F
-100 . L . 5
-100 -60 -20 20 60 100
FEENC)
1 MEERRECR P ALAE 5 DOA fhil
A A2 T Th %
Fig.1 Normalized spatial power spectrum for DOA estimation
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