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Empirical study on sparse representation model of SAR images

HUANG Kemeng, JIANG Nana, ZHAO Wenbo, ZHENG Yanxin, LIU Wenping, ZHU Jubo
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Abstract: An example of using the sparse representation algorithm to obtain a basis function
dictionary for synthetic-aperture radar (SAR) scenes. The comparative of sparse representation of
images before and after filtering shows that speckle noise has an impact on the dictionary results of
sparse representation of SAR scenes. Select specific SAR image data from Pujiang No.2, ALOS2, and
SIR-C, it is discussed that the effects of optimization algorithm, sample content, dataset size, radar
resolution, polarization method, and band on dictionary results by setting single factor conditions. The
results show that: (1) The dictionary learned from sparse representation of SAR scenes is related
to radar band, resolution and polarization mode, and is independent of sample contents, datasets size,
and optimization algorithms. (2)C-band can better reflect the sparsity of SAR scenes than L band. (3)
The downsampling dataset can better reflect the sparsity of SAR scenes. (4) The dictionaries learned
from HH and VV polarized images have more essential features.
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Fig. 1 Dictionary results for sparse representation
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Fig. 3 Dictionary results of sparse representation of radar

images before and after Lee filtering

AR . Horh, 400 FoR B BRI 20x20 18R,
256 7 ML ER BB AR T R A
PEATF ) (ERE) Ftk%oR HiRzEE/N, W
UM P A, BISRA =B-X (8B =A-X) Y
A . AT RN AR (R, 2019)3K i1 X,
%, flie=A- B-X,, 1 Frobenius i % (BRI A
TCHR- I Z I /N, A% EX,, G



110

R (HARHERR H3E30)

%63 4

gtk H

X, =(B"B)/B"A.

(3)

FHH R 1% 2 e FIE 4R [ X, Y AF OC RBOR T
MR (A, 2022) 0 e L2355 e], =

[S et etLristile] =3,

FMSE = e2; X, (L2 7@&" X,

€

i e XTI IR

0 W) — S W A R — S xb e, BRIATS
BTSN, TR IS R AL MR R 1) 44>
FEARAE S (R o 7 S e th BE AL E , DA
FIEERATE R, ille N2FHE, X, W

(a) L%

g

%

(b) ALOS2(HH/HV/VH/VV##4L)
Vb ol yir

K4 ARIHEHE SAR R

Fig. 4 SAR images used in this experiment
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Fig. 5 Dictionary results for sparse representation of 100 SAR images using different optimization algorithms
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among different optimization algorithms
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Table 4 Consistency comparison of dictionary results

among different sample contents
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Table 5 Consistency comparison of dictionary results Table 6 Consistency comparison of dictionary results among
among datasets of different sizes different resolutions

Ezziﬁ llell, llell, MSE X, 11, EZZ?&F llell, llell, MSE 11Xl
DOFRD’ 0.497 822 0.699 246 0.000 002 26.997 091 GFE/RG®’ 0.461 674 0.677401 0.000 002 27.337 713
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Fig. 9 Dictionary results for sparse representation of SAR images under different polarization conditions
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Table 7 Consistency comparison of dictionary results among

different polarization modes
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Fig. 10 Dictionary results for sparse representation of C/L band SAR images
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Table 8 Consistency comparison of dictionary results among different bands

HARL MR llell, MSE X,
EZNIY 1.507 615 2.504 133 0. 000 022 44.154 679
O Fr@ 1. 533 462 2.548 197 0. 000 023 50. 078 530
EZNE) 1.748 138 4.092 379 0. 000 030 52. 450 687
@FrO 1. 962 087 2.817308 0. 000 038 62. 465 831




114 R (HARHERR H3E30)

%63 4

4 & ik

1 XA TR R SAR R i o 26 7 b 47
ﬁﬁ,ﬁ%&m%aﬁﬁ%m%gﬁﬂ?Aﬂﬁ
KB, R MOy A OC, FIT R B A
N ESI € i NN SR S TR R AR
Ko H CU Bt Lk B RE S W SAR 37 5t 1Y 7 i

S Lk

SRARA L BRZE, AR, 4E L2000, 5 k6T Hb WL B 6 5 R
[M]. b3t Bl2g AT 348421 .

ENEE, 2011, HR A A LA B ik LRl J HL
. EBE RS R Mt 1-20.

B2 2014, T 0% 8 19 SAR H AR iR B3 652 [D].
JCHD : FL Rk R

B, 2019, Fe UGBS SN H - e/
s PHAE T A= R 1-17.

WIRNg b AR L 5 2007, A LR E I
[M . 0 s b 2 th A

F5R, 2014, B AL R AR AL ES
Tolk i hRAt : 19-62.

F P, XIS, 2022, i&EEMR BT E RS 5Ok IM . b
at: BREE i R 20-37.

CETIN M, KARL W C, 2001. Feature—enhanced synthetic

MM K

— A IM]. 7Y

AR D

LM st [ By

aperture radar image formation based on nonquadratic
regularization [J]. IEEE Trans Image Process, 10 (4) :
623-631.

CHEN S S, DONOHO D L, SAUNDERS M A, 1999.
Atomic decomposition by basis pursuit[ J]. J Sci Comput,
20(1): 33-61.

DONOHO D L, 2006. Compressed sensing [J]. IEEE Trans
Inf Theory, 52(4):1289-1306.

ELAD M, 2010 . Sparse and redundant representations [M .
New York: Springer.

FIELD D J, 1987. Relations between the statistics of natural
images and the response properties of cortical cells[J].
J Opt Soc Am A, 4(12):2379-2394.

P, BERAE RO £ B RE SV SAR 3 5 MG ik
HH . VV*&%@%%?EHE"J%,\E/\@A‘EE I

T — 258 X R — SAR3 Fp TAERIL (54 =X
Stripmap . R H { Spotlight Al #z{ ScanSAR, H
SYHERAIANED) 0BG R T R 2R X LURIF S
SO0 [A]— SAR N [FI B[] . R [A] X (FEAS NS A
[F]) B MR T B s X e

KIM S J, KOH K, LUSTIG M, et al,2007. An interior—point
method for large—scale 11-regularized least squares[J].
J Sel Top Signal Process, 1(4):606-617 .

LEE J S, 1980. Digital image enhancement and noise filtering
by use of local statistics [J]. IEEE Trans Pattern Anal
Mach Intell, 2: 165-168.

MALLAT S G, ZHANG Z, 1993. Matching pursuits with

time frequency dictionaries [ J ]. IEEE Trans Signal
Process,41(12): 3397-3415.

OLSHAUSEN B A, FIELD D J, 1996. Emergence of
simple—cell receptive field properties by learning a sparse
code for natural images[J]. Nature,381(6583): 607-609.

PATI Y C, REZAIIFAR R, KRISHNAPRASAD P, 1993.
Orthogonal matching pursuit: Recursive function
approximation with applications to wavelet decomposition
[C]// The 27th Annual Asilomar Conference on Signals,
Systems and Computers. IEEE: 40-44.

POTTER L C, ERTIN E, MOSE R L, 2010. Sparsity and
compressed sensing in radar imaging[J]. Proc IEEE, 98
(6): 1006-1020.

WRIGHT J, YANG A, MA Y, et al, 2009. Robust face
recognition via sparse representation [J]. IEEE Trans
Pattern Anal Mach Intell, 31(2): 210-227.

YANG J C, WRIGHT J, HUANG T, et al, 2008. Image

super—resolution as sparse representation of raw image

patches [CJ/IEEE Conference on Computer Vision and

Pattern Recognition. IEEE: 1-8.

(RfE4iE TiBE)



