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Improved Algorithm for DOA Estimation Based on Spatial Polarimetric

Time-Frequency Distribution

LI Fen., LIU Qingbo, SHI Xiuhua, LI Shuangshuang, WANG Fengjiao
(Shanghai Radio Equipment Research Institute, Shanghai 200090, China)

Abstract: To solve the problem of poor direction of arrival (DOA) estimation accuracy of radar echo signals
and heavy computation of time-frequency analysis method, taking polarization sensitive array as the model, and
combined with time-frequency analysis method, this paper makes full use of the spatial, time-frequency and
polarized domain information of signals to estimate the radar echo signals more accurately and reduce the
computation burden. The multiple signal classification ( MUSIC) and estimation of signal parameters via
rotational in-variance techniques (ESPRIT) algorithms based on spatial polarimetric time-frequency distribution
are studied, and the improved algorithm is proposed in consideration of advantages and disadvantages of both
algorithms. The improved algorithm roughly estimates azimuth angles of signals with the polarized time-
frequency ESPRIT algorithm, and then determines a small scope centered on each azimuth. Within the scope. a
more accurate DOA estimation value is obtained by spectral peak search with MUSIC algorithm. It can save a
large amount of computation time on the basis of accurate DOA estimation. The effectiveness of the improved
algorithm is verified by the simulation test.

Keywords: electromagnetic wave; radar; uniform linear array; dual polarization; polarization sensitive array;

spatial spectrum estimation; time-frequency analysis; super-resolution

0 B L3 2 1) P 0 £ 000 SR T SRR 52 0 o
(T B AN b T B P kO e (DOA)  TROORETRTIE . 561 o 2 PTG £ 2
FEPR I — TR BT AR . R W A e (S OB TRV B BN A

AR 2R WA %, . £ EAF S 42 (MU- Iﬂﬂkﬂ%%%‘%ﬁm%ﬁxﬁy%ﬁ%,%Uﬁﬁﬁﬁﬁiﬁa\ffﬁ
SIC) B3k [ Jighh A7 25 i) (ESPRIT) B ykM 4, 05 5% AR 5 A A R e 2R A7 AT S50R) FH AT 42 8

W Fm B .2017-11-06;1& 5 HH#3:2018-03-04
EZ R A 2235 (1991—) , &, Wi 4, T BMFIE 7 [0 0 R 35 1 40 P15 5 b



55 35 4 2018 4FH7 4 1 ORI B AR B il DOA A 35k 109

23 AL T R PERE . AR AR B R B RE AR A
JEHET W RS R B . R AR U 5 R
AW IK AR 55 AT 78 43 R A5 5 1 28 B
A3 AR AL S0 .

1998 4F , BELOUCHRANTI 251590 1 5 Wj 22 5] 4
H %yt 1) Wiger-Ville 434 FAH DGR BF B A 2K BLAY
G5 AL T HUIX Bh i LR G5 AL BR O 25 () A A3 A b s
%] DOA fliitr, ZHANG %800 $5 5 7 25 [] i)
WG AT R B R R B 2 e 4 P 25 P Y N A
BEA Ay vk N B IS b B T 28 [A) i AR 4 A R B
(0 5546 0T T AG TS 5 0 205k A N IR 3 S 5
b B ST AR AL T B B, 1983 4F, FERRA-
RA %51 F py 58 A A A4 1 1 A b IR G 51 4%
B4 WO/ 43 WE AL T B AT T 00 ) B 5E . 1991
AR LIU S50 0 356 F 35 57 28 B 9 % b B0k 1 30 1Y)
e AR 2 2 BUOR H R I8 K U T ) B A 3 BEAT T F
5% SCHERLIA R ST T 35 F 46 T8 4 ) 1 i Ak Uk 1
1 B AL IR 25 2 80F DOA A3 ek (15 1858 T
A HES A 0 R B 1 8% 2% 1Y I 38 T 1) AR Ak R
BIEEA AL T RE s Sk [ 16 ] A fb B0k B 51 4k
TR BT 5 1 DOA FIb A6 280, 9F 40 B 1 Ak F 1k
R Bt 175 M L 19 28 fb B A

R BE SR B A LR G R A A S s Bl e A
SRR AR A B M5 B . AR SO BUR Ak 1E 38 A8
20 B B ¥ ) 4 W s ST AR AR A3 AT O 9 RS
RAF S AR BEMEN ., 454 AR 158 7 B G
THEARRE R A5 5 47 DOA i1, BF 58 2 T i ik
AT 53 A0 1) DOA G 1153, 76 3L ah b 42— Fh
WS DA D R A R 0N B AR s 7 A RS EE AR
R Y ]

1 FEHEA

A 0 1) 5 A 0 T 4 T ol 2 1
J7 2 L 9 T 432 i £ 5 U 2 AR A 15
2 B3 KPR AR IR W 96 I 4 AR 3 228 i 0% W A 135
) 75 5 43 T W R W TE R S5 . W A R W T 52
5 B AT [ 320 6 A UG A0l (B A TE— TR
b B, 320 R 52 0 0 9 R T R T 52 10 5 A
T M A ke N 1 R o R 3] 45 A T 2L 5
FLFREH,

1 AL R S R B N ATy B A
G5 1O 840 T X W TT A B {1 88 52 2 B A A Sy
F T A2 5 DA TG 0 A S5 135 5 T 0 S A £

B1 XRUREHED REE

Fig.1 Dual-polarized antenna array
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Fig.2  Algorithm flowchart
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Fig.3 Time-frequency transformation of signals
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Fig.4 RMSE of three algorithms
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