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Segmented reconstruction for SAR imaging
based on 1-bit compressed sensing
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Abstract: In Synthetic Aperture Radar (SAR) systems, imaging algorithms based on 1-bit have a great
advantage because the echo’s SNR is generally not high. However, those algorithms often require more
time than the match filter strategy. A segmented method based on 1-bit compressed sensing was proposed
for reducing reconstruction time. Simulation experiments verify the effectiveness of the proposed
algorithm. This method can not only reduce time consumption, but also the required memory size. The
stepped-frequency waveform is selected not only because it can make sampling easier than other
waveforms, but also because it takes less time to recover the same scene when the stepped-frequency
waveform is used instead of linear [requency modulation (LFM) wavelorm.
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Fig.1 The mode of CS-SAR imaging
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Fig.2 The model of stepped-frequency signal
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Fig.3 Split the scene along the range profile
TEE W 8 )G, A B E S — 1T
S RIAT 5K — AR SCHRL 7 1 B R T,
G E] AL A R WA 2 5 A TR R
S RBZ N LIRIR A

P
B (L s )= D08 [5G (D slumsri) ]
p=1

exp{—jlhtfo %} (24)
J_itl:':'a g [i) 9(1(]') slum 9}"[) ] IEILZ{E:‘F% P ﬁini”%ijj
BBk o MBS SO R BB T
G(Pstumsri) PIREAN I, N T FIF5. 7T LA
JH A AE B8 7 15 R i bR 33X A ] 8L AR SC % FH sin e i {8
P MG R .
P Q
b r)=23238(P-q) *
p=1q=1
e ng, D
sin c[q (P stamsri)—q] (25)
K, Q' =Q/X AT B Py HE S 17 #Y R A% 4K
12X (25) S B R R B X

hAl :WI g‘z: (26)
F26) W H CS shaT LIS 3
B, =0W,. g, =Wg, 27

XFREAFY s ER, AT LS KT

AT AR A ) R K 3R A5
g. :argg{nin lg. I
s.t.h, =Wg, (28)

HTPEMECAME THHABZ A (t,) -
DAL PT DA B ) i 2 L

T2 AR SCERE P TR

&k 2.1 1-bit FERE®

CIOFEE m 4, BPA) H 28 (16) 37k SR i =X (23) i
h(t.);

CIDBEES 1) 43 30, BB C LD b)) Y BB ) k47 40 3%
X B

D F G s m il Bk gD T g,

(NHO¥ DB EMNE T F R PR P15 2] 746 & 5.

3 fFEX®

AT R P2 LA R DA AR SCHR Y
BOEWER . E S ES BN E 1 R,

BB TS HLAF i — A 2 BUH 2 A 64 bits, Horp
{45 32 bits B SCEH 4> 1 32 bits B EGE 705
SR B HOE R 100 XX 128 ASBIUR A5 I B Jr A3 )
FH 32 AR BCHE 1 5 B 1m0 o A 388 A dil A B AR
TR B B RSl 12416 12800, #5844 48
) CS H kT2 RAM 4 1.18 GB.



852 FTERMAFERKFFHR AT K
*1 HESH JF R 5
Tab.1 Parameters of simulation _
BH B i
P B 1 P A 5O 100 !
AN T K — R & )
Q 7z 1) W & 250 128 A B R bt B b
L (PRES ) 3030 160 z _
(R.-R;) (HHEEED (170,230) lﬁ E
t
Fo GRLLHEO 5X10° Hz f
BW G 55) 512X 10° Hz ~ BT el
B4 EHiExtk

Af UBFELK) 0.33X10° Hz
v CRATHEE) 50 m/s
X (rBEO 16

IV BER R T A RN
Nes X L H I RA5 5 485 kB RAFAEM M A 4 5
W, RS Mo L' X P Q" =320 x 800, [F )t H 5%
1.95 MBXRAFAERERE W, , Wik B0 W, HEREILAT X
A AR E 1,95 MB X 16=231.2 MB 123 [i). 1
IR i Ay B RE 2 R S B E I ELAL RAM
W SRR KPEAR , X 0 R GE i — 25 S A A 32 5 5L

AT 1-bit ftfb, PCFE it 77 5 3% 0l % 55
PEB X ROM B R il 2 KRR G R R A 42 7
PR 8-bit ft Ak AR A 1-bit b2 )5 4%
o] 0 Hdi i ROM HU 2 JFR 1) 1/8.

NT A ARSI Y RS 5% X
HRC7 1AL = B/ 4 H L 5 — R B R )R 06 3
SR ECR A 20 A A H AR, 2 M AT, BT 10
A B A MR R iz R L 5dB
B 15 W 1L 4G 45 1 0 )R 58 R AE IR LR iR
EUER T 2 AR oy Be Bk M A 25 51 5 5 — IR &
JE R 1-bit SPBeE A SR R E 4 v LLE LR
2 L4 5y B e 50 BB i, M 45 RAFAE — 2
P22 AR A 1-bit 43 B vA 20 nT DAAR 47 Hb & 44
HHAR. B S R T A SCEE Y 1-bit 43 B i 5 ik
SrBBH S EANR R K S ATLUE LB
43 Bt BB 38N A R T B 1 A I ) 23 2 R AR
O Bt & B, B o BB 1380 AR 25
AR 38 033 2 R A B 43 BOERO R 3, 30T R Ak
AN S8 B 1Y) L A5 L 23 AR L 3G 0, PR 7 S B Hp b
A 75 TR ] 5 R 25 1 G &R

XTI 4 3 AR SR A S 1-bit CS
AL A L R B () 4 A R AR UK A AR A T

Fig.4 Comparison of algorithms

time

X
E5 SsEESEMRERXER
Fig.5 Reconstruction time with respect

to the number of segments

N [RBY HL RE E9B AT . TE B A Intel 15-4590, 3.3
GHz,RAM 2}y 8 GB i fili I+, 5 K4 B [A] 9532 s,
M7EHL B A Intel i7-2600.3.4 GHz. RAM 4 24 GB
B B I b, TR O 13 s, BRI A SR OR F A SC
PR AE T B T REHL L A S A I () ERAE 3~4 s 1A
4 FOE 5 05 BB A 7E AR AT B 0y I b AT Y.
WU AT DL L A Bk AT AR K AR s i) & 2%
iET RN, REHBRZRIMNER KT 145
R AR AR A AR T B R Bt 2
SRR ZE MR I E 6 s i B 6 FTLLE
L B 3 BOEOR) 3G B R R 25 AR B O, N TR
SEBR b, W A A R I ] 5 R R 25 2 TR OC &R

4 HFig

ARSCWFSE T 4 T 1-bit CS-SAR mf& iy 43 B
F L B X 1-bit CS 7 549 38 1) i B 8] & 2% 3 4%
T IA) R, R SCHR I T 1-bit CS 4y B A3 8 % 8
PEEXT 1-bit CS 78 14 37 5% B i 5 ek A58 K A 1] 8
o SIREE I o A T F 3 R 5 84071 5



% 10 #

AT A a 5B SAR RBR T % 853

0.5
0.45
04
0.35
0.3
ﬁgoas
0.2
0.15
0.1
0.05

0 5 10 15 20 25 30 35
51 B
Bloe HBRHUEEMRENXE
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to the number of segments

TG LA X 5 R b S T A B T) L L X H iR
RAM WM RBAME S T EREER R ILRB DT
XN/L . mTUE W, B X B2 5t E Ly %
SRR, LAAS SCh 19 S 5000 6], RAM 380 /0 1 38 4.
HH T 1-bit B33 X e e A 450 1) 5 A L I I AR S
) B 3 R KT T T 4 % 0 4 B A A5 B o LA A 9.
ARSCARA S T 50 R I 38 0 S 50 6 A
BLHEAT T L.

2 2% 3L Hk (References)

[1]1BUHX, TAOR, BAI X, et al. A novel SAR imaging
algorithm based on compressed sensing [ J]. IEEE
Geoscience and Remote Sensing Letters, 2015, 12(5):
1003-1007.

[2]ZHOU C B, ZHANG Z D, LIU F L. Robust 1-bit
compressive sensing via variational Bayesian algorithm

[J]. Digital Signal Processing, 2016, 50(C): 84-92.

[ 3] FGEM, MR, 208, 31 R 45 B iy 5 b R & AL
Fem ik AR LT, MO A 4, 2015, 31(6): 71-77.
ZHOU Chongbin, LIU Falin, LI Bo. A Compressive
Sensing Method for One Bit Coded Synthetic Aperture
Radar Imaging[J]. Journal of Microwaves, 2015, 31
(6): 71-77.

[4]FANG J. XU Z B, ZHANG B C. et al. Fast
compressed  sensing SAR  imaging based on
approximated observation[]]. IEEE Journal of Selected
Topics in Applied Earth Observations and Remote
Sensing, 2014, 7(1): 352-363.

[ 5] BARANIUK R, STEEGHS P. Compressive radar
imaging[ C]//2007 IEEE Radar Conference. Boston,
USA . IEEE Press, 2007 128-133.

[6] GUFF, ZHANG Q, LOU H, et al. Two-dimensional
sparse synthetic aperture radar imaging method with
stepped-frequency waveform [ J ]. Journal of Applied
Remote Sensing, 2015, 9(1): 096099(1-8).

[ 7] YANG J P, THOMPSON J, HUANG X T, et al
Segmented reconstruction for compressed sensing SAR
imaging [ ] ]. IEEE Transactions on Geoscience and
Remote Sensing, 2013, 51(7): 4214-4225.

[ 8 ] BOUFOUNOS P T, BARANIUK R G. I-bit
compressive sensing [ C]//Proceedings of the 42nd
Annual Conference on Information Sciences and
Systems. Princeton, USA: IEEE, 2008. 16-21.

[ 9 JJACQUES L, LASKA J N, BOUFOUNOSP T. et al.
Robust 1-bit compressive sensing via binary stable
embeddings of sparse vectors[J]. IEEE Transactions
on Information Theory, 2013, 59(4) . 2082-2102.



