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Target azimuth estimation of synthetic aperture radar image

based on block sparse Bayesian learning

You Li
(Chengdu Technological University, Chengdu 611730, China)

Abstract: A target azimuth estimation algorithm of Synthetic Aperture Radar (SAR) images based on block
sparse Bayesian learning was proposed. SAR images were highly sensitive to target azimuth, the SAR image with
a special azimuth only highly correlate with those samples with approaching azimuths. The proposed method was
developed based on the idea of sparse representation. First, all the training samples were sorted according to the
azimuths to construct the global dictionary. Then, the sparse coefficients of test sample to be estimated over the
global dictionary should be block sparse ones, that was the non-zero coefficients mainly accumulate in a local part
on the global dictionary. The solved positions of the blocks effectively reflect the azimuthal information of the
test sample. The block sparse Bayesian learning (BSBL) algorithm was employed to solve the block sparse
coefficients and then the candidate blocks were chosen based on the minimum of the reconstruction errors. With
the optimal block, the estimated azimuth was calculated by linearly fusing the azimuths of all the training samples
in the block thus a robust estimation result could be achieved. The proposed method considered the azimuthal

sensitivity of SAR images and comprehensively utilized the valid information in a local discretionary, so the
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instability of using a signal reference training sample could be avoided. Experiments were conducted on moving

and stationary target acquisition and recognition (MSTAR) dataset to validate effectiveness of the proposed

method while compared with several classical algorithms. The experimental results validate the superior

performance of the proposed method.
Key words: synthetic aperture radar;
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Fig.1 SAR images of BMP2, T72 and BTR70 at different azimuths

1B 4 Jry - S P 45 2R3 LA 2 R T 62 A1
ANBIRHES, AEF R R BONEE e — € 19 T7 A X
6] P, e P ek 3R R B AT B s Rtk . o T
B AR A9 &, SCH I TR B DL Sy > U R
fip 3 (D)o A SRR BRI 2 B 2 R

T
= [ X015 eees Xy oves Xy 15 200 Xt ] 2)
N—— N

T T
x| x}

Forb, x5 g, (R A AR A 2 e f 5
FTICK o N T FEI KA 1 , SR i DL v
W A 1SR e e oA AR AR i BN R

p(xi;yi{Bi}) = N(x:;0,B)) 3)
b 280y M B3 50 34 AR BE K AL A A O
Ph o ABUE & AP BAR B S, WA 5K (3) TT RAEE B
WA

Ao nfRFRMEFTR SR BB R E 5 22 0 B = i
OYATEEA . H I, x AR T R -
p(xilyiB) = N(®x,B7") (6)
SR B DU 372 ) 3 g kAR O R TR A, AR
PS5 B A S By, B K B, HREAF B i 2R AL
1B K Sl A (7) B o B SR g o 7 m]
20225 30k [14-15],

£=) o'y (7)
2 AlfafhitEE

AR i 22 7 B SR A 45 2R, 0 e A%
PR FB - BN A RS, 0 R PR
r()=lly —A6,®l, =1,---,8) (®)
b s@FRAG R BR T8 i 1t H Al 5 8RR
0o F Mg /N 22 1A 9 DU e SBGHE A7 5 6 A T 1 e i
B:I‘Eﬂi
K= argmin(r(i)) 9

SR KB BT L BN (61,0, , O], XTI
RN R [rray--e or) e SCHER FHERMEANAL 14 T
EARRNI7 LA A HE . MR A ORI 3 1 T 7
FBIRUE LT 2R

M
wi=ri Y ri=1,2,0, M) (10)
j=1

IR (1) AP I J7 345 B S T 7
hiff .

M

9=Zm-a (11
i=1

FH SR A REA G T 62 A 1907 3k, S PRI
REAS T 5L # DX E] B T 3% B AT LA sl 6 0B 0 SRR AR IS
ARE AP SR 22, SOAT LUE S A 2 5 19 05 s
BT RS A A T

AR LA L0 #, SCH 7 ik B S AS AR A 1AL 2 e
N o BT LU S LUR A 5K

20210282-3



ISk A2

% 43 www.irla.cn % 51 %
Training Arranged Global Estimated
samples by azimuths dictionary azimuth
N
Y .
Test sample > BSBL > Opt.lmal local —{ Linear fusion
interval

&l 2 $EHRE R AR AR
Fig.2 Basic procedure of the proposed algorithm
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Tab.1 Training and test samples of the three MSTAR targets

Target
Type Depression angle/(°
» P gle/) BMP2 BTR70 T72
Training 17 233 (SN _1)232 (SN_2)233(SN_3) 233 (SN_1) 232 (SN_1)231 (SN_2)233 (SN_3)
Test 15 195 (SN_1)196 (SN_2)19 6(SN_3) 196 (SN_1) 196 (SN_1)195 (SN_2)191 (SN_3)
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Tab.2 Azimuth estimation results of the test samples of the three MSTAR targets by the proposed method

Target class Number of samples

Number of errors Percentage of correct samples

BMP2 (SN_1) 195
BMP2 (SN_2) 196
BMP2 (SN_3) 196
BTR70 (SN_I) 196
T72 (SN_1) 196
T72 (SN_2) 195
T72 (SN_3) 191

99.49%
100%

1

0

1 99.50%
2 98.98%
3 98.47%
1 99.49%
0 100%
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Tab.3 Results of the proposed method at different estimation precisions
Number of samples <5° <10° Mean Variance
BMP2 587 573 585 2.01 1.85
BTR70 196 192 194 2.05 1.84
T72 582 569 578 2.16 1.77
Total 1365 1334 1357 2.07 1.81
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Fig.3 Numbers of correctly estimation samples by the proposed

algorithm at different estimation precisions
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Tab.4 Correct estimation percentages of different methods at different estimation precisions

Threshold of error/(°)
Method type
2 4 6 8 10

Proposed 76% 88% 97% 99% 99%

MER 13% 24% 39% 57% 68%
Dominant boundary 55% 82% 93% 97% 99%
Sparse representation 64% 80% 93% 98% 99%

x5 AEIFERAEERE 4 £ B

Tab.5 Time consumption of different methods

Method type Average time consumption/ms
Proposed 10.5
MER 45.2
Dominant boundary 40.2
Sparse representation 12.1
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T FA D0k, 5 58 4R 7 g 2 R B R
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