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Fast Reconstruction of SAR Images with Phase Error
Using Sparse Representation

Milad Javadzade Jirhande, Mohammad Hosein Kahaei”
& Seyed Aliasghar Beheshti Shirazi
Faculty of Electrical Engineering, Iran University of Science and Technology, Tehran, Iran

Abstract

In the past years, a number of algorithms have been introduced for synthesis aperture radar (SAR)
imaging. However, they all suffer from the same problem: The data size to process is considerably large.
In recent years, compressive sensing and sparse representation of the signal in SAR have gained a
significant research interest. This method offers the advantage of reducing the sampling rate but also
suffers from speed processing limitation and it needs a huge amount of memory to reconstruct the
image. On the other hand, inaccuracy in SAR model induces phase error to the results and makes the
reconstructed image blurry. Existing sparse methods in the presence of phase error, have high
computational costs and need a lot of processing time. In addition, these methods take up considerable
space in the memory for saving the measurement matrix. In this paper, a fast method is proposed to
reduce the computational cost of image reconstruction, based on the signal sparsity in the presence of
phase error. The proposed method consists of substituting accurate observations of sparsity methods
with approximated observations of matched filter methods. In this method, the output of Range-Doppler
matched filter is reconstructed with sparse representation, and error phase is estimated simultaneously.
This method leads to a nonconvex optimization problem and to solve that, we use the majorization
minimization method. The phase error and reconstructed image are estimated in an iterative procedure.
The use of approximated observation, eliminates the need for carrying out big matrix multiplications,
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and Fast Fourier Transformation, as a low computational cost operation, can be employed instead. In
addition to computation speed, this method does not need any memory space for saving measurement
matrices.

In our numerical simulations, we compared the speed of processing and the mean square error (MSE) of
reconstructed images for the proposed method with the state-of-the-art sparse method for different sizes
of image and under-sampling rates. It is shown in simulations that the reconstructed image from our
method has a slightly lower quality and higher MSE, because of the sidelobes effect of the matched filter
output. However, in certain conditions, the speed of the proposed method is more than a hundred times
faster than the compared method. The achieved processing speed with no need for the memory to store
the measurement matrix at the expense of slightly lower image quality would be acceptable for most
applications.

Keywords: Synthetic aperture radar, Compressed sensing, Sparsity, Range-Doppler algorithm.
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(Figure-4): Achieved image by SBA method by 63% samples,
SNR = 15dB, and with the presence of the phase error.
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(Figure-8): Resulted MSE in each iteration by SBA method
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(Figure-5): Achieved image by RDSBA method by 63%
samples, SNR = 15dB, and with the presence
of the phase error.
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second column is for recovered images by RDSBA. The third
column is for recovered images by SBA.

OM‘_Q)L..:)[; )aataa )...w...l :\...MJLM 6“)4 dalol L
Olyee b pgai 4w SBA (b9, s RDSBA (b9 dlowges
2 e e Olyea ]y Galie Slaal Gl 5 (S
sola S1T/EY 5l oolanwl b s el oads ool ioled
Gkl 4 (SNR=15dB gl,s g Jol5 8o s,lo paiges

el 0al 03,51 (VY) S 0 mulis
).tjl.zu ‘b}wu’_o oS (\V) J&w e 4\5)9.louLo.¢>
bl @z o pglal 4 SBA by, dliwgds oudsiluly
ey 3l Jele pglas e S Jps el ol
D o oadlie £59 slocg 3 3L ol 3l RDSBA -‘{)‘”’

0

ol Gl Gl Jdo ik plo 55 St S peboles

OY 2o ¥ o, VP Jle


http://dx.doi.org/10.52547/jsdp.19.2.147
https://jsdp.rcisp.ac.ir/article-1-1109-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-02-04 ]

[ DOI: 10.52547/jsdp.19.2.147 ]

o0
A £l

S35 &Sl )l o aliiwl b )L slbd SIS (Segiuae 4i)9) JISD) Hugias & SHw )b

i

Glas jeam 15 wn e, ool b s slgriey S5 sal)|
reas Sl @ wlgn Gl pasein; s g 56
by 5 ab edls plas e slagileand el
55 B,k 51wl SBA 3, 5l ey ks RDSBA
5L SBA i, L aslie ,s RDSBA s, a5 o )Ly
o Sl b (gl &5 (65 o G pile 8255 @
RUIVWERP-R PR U -1 P P TR 0 RO SR KGRI
049y 3l ol paal CehlS A5 ad owpd (pizees
=8 oy b cow SBA iy, 4 i RDSBA
@ g boandl 285 18 Shley s, 5l 3
ol e ss
2y 4 S RDSBA - (g, dlewgts ondisjlusly

Ty FUIERA W IRV wdodls

Ly sls it b cols SBA iy, 5l el
Rl g laie hpdy iRy, cnl WYL Sy 4 axg
o s M kS

Ow k& [ RDSBA - g, g5 oo g0y
sy ol 45 ] 5l ls WU s 5 VU S
el S &Iy gt il gla by, 5l R
A Gy o Vb Cepe S By, 90 2 slaca e
S pigeiny b ) poal lusl 2l 5 Glaie
D s 0y S5 &Ll b, o

8- References &=y —A

[1] X. Mao and D. Zhu, “Two-dimensional
Autofocus for Spotlight SAR Polar Format
Imagery”, Computational Imaging, IEEE
Transactions on, vol. 2, no. 4, pp. 524-539,
December. 2016.

[2] M. Behzad Fallahpour, H. Dehghani, A. Jabbar
Rashidi, A. Sheikhi, “Modelling and Software
Implementation of SAR Imaging System
Performance in Spotlight Mode”, Signal and
Data Processing, vol. 13, no. 4, pp. 3-18, 2017.

N U VR U S v N ST VR (B | SRR [v]

Q)S-LA.C (_g)b’é\‘a).i (_.;)'L».uo\)l.:.; 9 (_g)’L»JA.a" ‘6’“‘“‘

MoSélg a0 SAR (g s pgar slaaslels
ATAD F o)leds NY als daools g @5Me o5ls

[3] C. V. Jakowatz, D. E. Wahl, P. H. Eichel, D. C.
Ghiglia, and P. A. Thompson, “Spotlight-Mode
Synthetic Aperture Radar: A Signal Processing

Approach”, Springer Science & Business Media,
2012.

[4] W. Carrara, R. Goodman, and R. Majewski,
“Spotlight-Mode Synthetic Aperture Radar”,

BY ls ¥ 8,Led VF4) JL

@l sl eolgiions s, Cape lsieds 45 Cowl SBA
Sl pdigad TV (g ylopaisges Fp AT LK Lo
RDSBA s, 5 456 Y¥AS 4 SBA s, il Lols
S ok oS o)l 5l ngal 5leil gz 4l VN0 &
2ol RDSBA g, 6Vl oy Sy

Colb gas VEYAY 35lail & 1) ladiges dlows >
fey Bl yess Bl 0 s meSee B
Syee by ey 99 Gl sl 5l s Ole e g
(10) S5 5o dwslio ol bl eapdse 513 dnylio
el 00 03

Oley el ond (V0) UKo )5 a5 jsblen
9 RDSBA (%5, 93 2 ;5 pgai s3luil ln b5 9550
o ALols il oo il pat 850 Lial33 L SBA
RDSBA %5, & Comed SBA (s, sl 5L5 9,90 (o
Gh9y OSpEe bamsglis s cwl byl
Sype Aipe; o5 olfim Jie cly .ol RDSBA
4 SBA i, sl 56250 m? sl slls 6,1 g
cuz 4l VFAY 4 RDSBA g, 5 asl VFYY

3,8 55 ngad silesl

number of samples =16384
T T T

—--RDSBA| 1
—sBA |1

120; ;)-0_--2;‘_0:)5--1;1“500 36,‘000 40,‘500 45,‘000 49,‘500 54,2)00 58,‘500 63,000 67J500
scene dimention (m*m)
6‘)‘4& RDSBA g SBA (59 99 <& yuw A Lo HATA T L))
NEYAY Col sbdiges olowi b calizko o glai 5310l
(Figure-15): Comparing the speed of SBA and RDSBA
methods for different image sizes, when the sample size is
equal to 16384.

aejls SBA g, a5 > o] 51wl ieviy

ok Slp sl (Shn 65 pmrle lwo eSS
axlge Cudgdome b ooolatul 0,50 &L, dldl> (355
3,50 &bl Akl slacuogame a5 (glaisSay e oo
153 5511 SBA g, sl olsn B ol cans osliiul
RDSBA s, a5 Jl> ) wls 1,3 67500 m? 5l s |,

+ Cand o‘).o.Q Codgdme U"‘ la

azes -V
Elosle zalS > RDSBA g, dlia cpl ,o
wloly g 5B glas jpa> 0 SAR polai o5lejb


http://dx.doi.org/10.52547/jsdp.19.2.147
https://jsdp.rcisp.ac.ir/article-1-1109-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-02-04 ]

[ DOI: 10.52547/jsdp.19.2.147 ]

[16] X. Dong, and Y. Zhang, “A novel compressive
sensing algorithm for SAR imaging”, Selected
Topics in Applied Earth Observations and
Remote Sensing, IEEE Journal, vol.7, no.2,
pp.708-720, 2014.

[17] M. Schlutz, “synthetic Aperture Radar
Imaging Simulated in Matlab”, M.S Thesis of
California Polytechnic State University, San
Luis Obispo, 2009.

5 swbid )5 S yae eoljoles oMo
P e ] o an)l culis)ls
ozsls 51 1TA0 5 ATAY la Lo
obial 0,5 &8l ol cais 5 ole
it SLSs Gemils (g Ten
ol Glpl Cais g ple JBRiily (o e Ol e
g 0388 S (Jolo Gl ctash sleas
Lol h5la35 pge (595
Sl el & ke olegl bl Sl
Milad7068@yahoo.com

== c:‘“’b":‘)ls ‘SrM @LQS (o> JoZx0
\{a% o oRuils YR Jle o )
S Pl sl w5 S e ledal
5 ol saSer, olSails SIYYY Jls
)‘ \YYY JLM: 3 |) 09;'- L5‘)*5° J)M
3550 Slaaie) 08 2l s Ll wiliises elsails
(oS ity il alon Jels il 4Bl
b eess g Sl g S8 ool wsile ST
5l cwl ojle lagl bl glas

Kahaei@iust.ac.ir

A

Sl iy ol (e s
‘) Jw:)‘ G.-uL.w)lS 9 G.»L.w)lf &S)Ouo
SUAYEE 5 AYPY e o el pa
Sy 5 olpl Cono g oo JKasls
olKiils SIYYYE Jlo jo ;095 (5l xS
Sliol @dle 5)90 sladaise; 0,5 cél,o ply LLST
wils Ol pbre g b wojlgale Ol pbee Jolis

5wl ojle lagl aebll, glas
Abeheshti@iust.ac.ir

Signal Processing Algorithms, Artech House,
1995.

[5] D. Wahl, P. Eichel, D. Ghiglia, and C.
Jakowatz, “Phase gradient autofocus-a robust
tool for high resolution SAR phase correction”,
Aerospace and Electronic Systems, IEEE
Transactions on, vol.30, no.4, pp 827-835, July
1994.

[6] R. Morrison, M. N. Do, and D. Munson, “MCA:
A multichannel approach to SAR autofocus”,
Image Processing, |EEE Transaction on,
vol.18, no.4, pp.840-853, April 2009.

[71 S. Kelly, M. Yaghoobi, and M. Davies,
“Sparsity-based autofocus for undersampled
synthetic aperture radar”, Aerospace and
Electronic Systems, IEEE Transactions on,
vol.50, no.2, pp.972-986, 2014.

[8] G. lan, and H. Frank Wong, “Digital
processing of synthetic aperture radar data”,
Artech house 2005.

[9] N. O. Onhon, and M. Cetin, “A sparsity-driven
approach for joint SAR imaging and phase error
correction”, Image  Processing, IEEE
Transactions on, vol.21, no.4, pp.2075-2088,
2012.

[10] J. Fang, Z. Xu, B. Zhang, W. Hong, and Y.
Wu, “Fast compressed sensing SAR imaging
based on approximated observation ”, Selected
Topics in Applied Earth Observations and
Remote Sensing, IEEE Journal, vol.7, no.1,
pp.352-363, 2014.

[11] S. Ugur, O. Arikan, and A. Cafer Giirbiiz,
“SAR image reconstruction by expectation
maximization based matching pursuit”,
Digital Signal Processing, vol 37, pp.75-84,
2015.

[12] D. W. Warner, D. Ghiglia, A. FitzGerrell, and
J. Beaver, “Two-dimensional phase gradient
autofocus,” International Symposium on
Optical Science and Technology.
International  Society for Optics and
Photonics, vol.4123, pp.162-173, 2000.

[13] M. Yaghoobi, T. Blumensath, and M. Davies,
“Dictionary learning for sparse
approximations  with  the  majorization
method”, Signal Processing, IEEE
Transaction on, vol.57, no.6, pp.2178-2191,
June 2009.

[14] A. S. Khwaja, L. Ferro-Famil, and E. Pottier,
“SAR raw data simulation using high
precision focusing methods,” in Proc. Eur.
Radar Conf. (EURAD), pp. 33-36, 2005.

[15] G. Franceschetti, R. Guida, A. lodice, D.
Riccio, and G. Ruello, “Efficient simulation of
hybrid stripmap/spotlight SAR raw signals
from extended scenes,” Geosci. Remote Sens,
IEEE Transaction on, vol.42, no.11, pp.2385-
2396, 2004.

OY 2o ¥ o, VP Jle

&


http://dx.doi.org/10.52547/jsdp.19.2.147
https://jsdp.rcisp.ac.ir/article-1-1109-fa.html
http://www.tcpdf.org

