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Direction-of-Arrival Estimation for Multi-resolution Composite Arrays with
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Abstract: In order to solve the direction-of-arrival (DOA) estimation problem when the source number is
unknown, the DOA estimation algorithm of coherent signals with unknown source number is extended to multi-
resolution composite arrays. The DOA estimation method based on sub-array spatial spectrum combination is studied in
this paper. First, the Toeplitz matrix of each sub-array is constructed, and the DOA estimation of the coherent signals
with unknown source number is performed. Then, the coprime character of the multi-resolution composite matrix is
used to construct a joint cost function and solve the angle ambiguities. In order to overcome the shortage of large-scale
searching calculation, an improved algorithm of searching single unambiguous area and deriving all ambiguous angles 1s
proposed. The simulation results verify the effectiveness of the proposed method. Compared with the multiple signal
characterization (MUSIC) algorithm and the Capon algorithm for full-space search, the improved algorithm does not
need the prior information of the source number. When the signal-to-noise ratio (SNR) is greater than 15 dB and the
number of snapshots is larger than 300, the root mean square error (RMSE) of the DOA estimation is only half of that
obtained by the traditional method.

Key words: multi-resolution composite arrays (MRCA ) ; source number; direction-of-arrival (DOA) ; coherent

signal; Toeplitz matrix; solving ambiguity

0 5 =& 28V F 4 41 (Uniform Linear Sub-Arrays, ULSA) 4]
£ 4y B %5 4 W %] (Multi-Resolution Compos- M B 4 ¥ 2] £k B (Non-niform Linear Arrays,
ite Arrays, MRCA) 52 i 204> B e ) B A [6] 19 15 2 NLA)™ o A T M T B0 [ 19 38 5 2k 5 L 22 43 Bk

e #s B #1:2019-06-18; & E H#1:2019-08-29

EE&WE: LigH A RFAE 4 (19ZR1453700)

EHE B 2 {A5(1995—) , 53 B 95 A, 32 BERF 55 07 1) b ik A 5 Ab B

BISIEE XN EAE(1990—) B W4, TR, 3 2R 5% 7 17 O B3 40 45 5 Ab 30 46 SR AT



o5 37 & 2020 4EH5 5 1

AL G WA HAT R B A RALAR S R A e R R
A BE 43 PR 48 PR TR BRI B 3k U 1] (Direc-
tion-of-Arrival, DOA )i 3145 58 52 3 56 73,

5 R AT LR AR 24 FRE 2 00 BER A
ARG RIS T 0 R T IR BE R kK
H R T 0T B Y DOA Al 11 3 0 A B0 1)
AT A T AL Y SCER 10148 T — R ER A
MUSIC At 388 %, 1% Jy v R B 5T 8 P 25 B B
DOA S THETE M F BERBOW .t TACE IS T 1 %
BRI — AW R ES . 2 HinfE
S OLR L TR AU A DOA A 1 W 8 1
Z PR E GRS S

LT BOR) 00 AR AR SO B AR B 1 DOA A
WHERRZZ I BEEGES T, N2 HEFS 50
Z& (Multiple Signal Characterization, MUSIC )% ¥ .
SR, 3 BE AR VR AR o A 5 IR B H AR S Bk i SE 5
5 8 A5 VR B UE B P 52 ) DOA A T fE . B8R
BT SCHRZA T AR WA B A R
T LR AT S AT R A, Ry T X — ()
A, SCHR (15 J48 Y — Fo 56 7 R S AW AR T 15 5
DOAA Tk B ik Biis I T2 0 R84
W 1) v o S SO R [

AR SCHE T il A 1 AR A SR [ 15 ] v iy Uy s
P& T — P 0 R T B A RS A A DOA A
TR B SIS R Bk R E L2
FRA S B DOA A . 38 3 X 2%+ B A 38—
AN JE T AF TR AR A R B, e B AR IR B I AR R
B K o % IR & B AT A B R R
K32 T A AR X 48 2%, S #E 4 A
JEE T R 58, % R BB AR eR RS T 1Y vk
RATE S A A AR T g4
23 () 98 R VA AR IR AR S 0 M A R B R ) I
b AN DA ZR Ay s T

1 E5#EA

Feh QK LB 2M 1 1 ¥ 5] B R M
B 225y B A WA, F B A B JC m AR IR — M,
o O, MR AN M WA L TR o 185 ¢ T
B FETCIREE Ry o, = Z,+(A/2) , Horp A 3800 % K
EBEZ, > 1, B PR,

RBEFETE K(K<Q H K<M-+ DA i 45
S H A KAMGE S WA TS 5 e 55 1 ik

AA3K % T 2 4 B A W 0 SR 5 W 3y 1 99
d
T O O O O
-M -M+1 -M+2 M
d
E R e O A A S
-M -M+1 -M+2 M
: d
R o
-M -M+1 -M+2 M

1 EHPREAKEIIRE

Fig. 1 Multi-resolution composite array model
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