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Abstract: Sparse signal processing-based Synthetic Aperture Radar (SAR) imaging, also known as sparse SAR
imaging, is the main research direction of sparse microwave imaging theory. Compared with a conventional
SAR system, sparse SAR imaging radar has significant potential to improve imaging performance. However,
because it requires heavy computations, the application of sparse SAR imaging in large-scene recovery has
become difficult, which restricts its further applications. Additionally, complex SAR images, rather than raw
data, are usually used for data archiving due to a number of reasons such as data copyright and system
confidentiality. Therefore, it is worthwhile to study how sparse imaging can be achieved using only Matched

Filtering (MF) recovered complex images with less computational cost. GaoFen-3 is China’s first 1-m resolution
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multi-polarization C-band satellite. It has a high-resolution, wide swath imaging ability and hence plays an

important role in disaster monitoring and ocean surveillance applications. In this paper, we introduce a complex

image-based sparse SAR imaging method to process GaoFen-3 complex image data and improve image

performance. Experimental results show that the sparse imaging results have lower sidelobes, higher signal-to-

clutter and noise ratio, and better target distinguishing ability compared with inputted images. Additionally,

sparse imaging can effectively preserve the statistical distribution and phase information of images that makes

the recovered GaoFen-3 sparse image-based applications such as interferometric synthetic aperture radar and

constant false alarm ratio detection possible.

Key words: Synthetic Aperture Radar (SAR); Sparse imaging; GaoFen-3; Regularization

1 58

& i fLE 1A (Synthetic Aperture Radar, SAR)
Fe— P I R SR R IS R R OR N H AR IEAT AR )
FEEHEA . HETERRCEREER, BR
AR RGN T/ERAN . HIICHEE S
ige. B LSRN, B AR R SR B T
[T R . FESARBUG A SAR UGB IR ) — AN H
BRER, ERMRE SR, 8 R
H1(Compressive Sensing, CS)P9, FHTSAR%¥E 4b
B, LRI 7 M g L DN B R R A — E AR
LT, AT FAIG T # OK- 2% 2 JRE SR A 5 BT 7 1Y
[ g B 7, SN S i R R . AR
THWUSARRS, WMBISARBURTE KRG E A
B NIRRT L $RT EUR RS TT
[ RAEENS, HMERRE PR, Ell2H
o M LI B A T R P S B

i S AR AR 1 T i vT 3B 3 £ 2001 4F, £ [H
Boston K1 Cetin%s N Je I Jg 7 5+ It
RITERSARBAG 77 TAE, BRI E
SERAHEE TULRCUER S, BHE S HER.
A5, BERT TSARBMGYERE, NG 4L
SARFG I BEE T 2. 20074F, Bhattacharya
S NIOUR] R /N 3o A8 46 6 WL 3 e iR AT M B R AR
1 ok T A2 DG P 3 B B0V o A o SR A B A 3R AT T
CSHE#, I T X SAREMHEIE I EL. 2010
T, PEIEA I Alonso®E N T —Fh 28 i 5 T
CSHISARHUE T7 %, %778 S A% Ge UL T )&
SRFNT T A6 TR B HEAT BE B R 4 5 PR S PE B AR
1k, SRIEAETTALE B CSEOR AT I4E AR, K
BT 3T J7 7 171 50% BE AL B KA 4 1) 37 S5 i b B
o ARMNZIEEA R, AR T 775 6m B
B RAE, JEARFBEER I EIUARAE B MAFELE. 2010
FE, FEEEHE2KE M Patel NILLR RSARE
A, HRE A K S 5 X SAR AR LT K
FR M) AR Bt K UL AR O, R FH CSEA S WL
WS AT . B, IR TR B L 0 R R

) s 7 i 1% B ARTE SAR AR AT A5 31 1 )32 M A
HIZ 5 R B BN FE B S AR AR [ 26 i g vk (8.18.14]
SRIMT S 3 J5 A5 R W00 P2 P B B S AR B AZ 5 ¥
B R T EEEG R PR RE T T B
&, HHEAE-NEZE RS, EE24ESARBAL F,
M T RGBT B AR, EhES
HR 48 BRAG T UART K 2 4 J5 4 ] 385 50908 0 000 37 5 43 931
R 4E R R, T3 T I s A 0 R A ko
WEATIRE, X R R R R R AT
AR TR, TEIE AT, AR MESEI R
M E R, EHL T WG S AR
FESARBAG TH N TR 5. AR RS B S ARG 7
AT EAM KB, Yang®E NHRH T —H4)
FE R IME . 2T SR At FE S ) kO S 1
BIRHAT PR 5, BUE R ANE A KR 45 P
R, REUK R G . BARIZ TR A 3%
R RAG T 7 BT R S RN AE R, EH
SHEASFA N B35 5 BOR R HL B2 5 G 2
AR R 2, PRI IR A AGE F T R 37 5
B PRI 2 R & . 20124F, Zhang% A0
PE T T EE AL T 5 A B S AR R BES AR
B BAR, i R N TR B AR
WL R, DASZER T SARJE 44 (71 3 (R fee ki A, 3
I 1E U4k AR S B T A 2 3 50 v R K
2o %A R e T FE TR 000 KB B R R
SAREG 7 i FARY KX — S o )t [ 54T
BMAFMMEEBCN TR B ATZ ik S
THHFHLE . EHSARBIRM AL b, T %
WA 5 (0 = o ek e G, R T B T %%
L R0, TOPSM 2 st i sl . SRT, 8
BERERZRA, &EEESARAGIHE AR
PREEORE, R B S AR JE U6 [1] 38 B R AR
BAENTF . MAREEEET AFFBIASAR LK
TR GEIE 2 BRI FEIRME 53T R G
T IR B B AR 285 R W — MBS FT 1 1
i, 20164F, Bi%E NPO2URRH T 515 EUG ERE 1



14

B OSE T HEGRMESARBAR T AR m 7y = 5 8 LRSS E 125

FBRSARBAG 715, EHIEEAT TRAG TS
O, REBEIR1T 55T JE4h 9] i S04 O A it
FAG T5 1 58 A M R B R S5 3R, 8 AR T AR
MBI AT SEIOGHT 3 5 B PR = 7 R B SAR AR

T =5 T20164E8 H 10 H7E K JH B A& K&
ORETTES, RFE B mor PR O B2 i)
SARTE, HRERBSARPERES FAFH
R . B T &AW BOoR. P12 G
B, BAEOPER. RIS 565505 5, EEks
FEM e REFEERBEMEI . [ 422 4 i S5 Ak 2
HEEI M ER

HAT, &9 ="5SARK1E I B £ VTR e,
FOEAN A . it — DR E G E, AR
BT 5 G EBIE M SAR AL T 5 NdER . &
X EA R =5 SARE BG s 47 s AL BE .
FTRAG I A% 5 AN EE T A ISAR UG K i 45 5
RIS s s 2 me bb . DURE AR A H bR a] 4
HiEae . HAh, ERFHEGRENFER, FibE
1 48 S mT DR I v DR RF BB Ge vk 53 A S AHALAE S
KNG T B = S MBSAREUE M T, HiE
eI S N BRI T RO R . TR E UL,
T I SAR R S 3i E RFE e BREER, T ERCK
FERI R G0, HoR&E . AFE R BE X N KRN,
AT Sk AR SO 25 T SR A B SRR S 1) R A T
AbFE

ALK GEEERIT ., F N MBEN AT HT
B EGEHR MMRSARG R, A 7=
s L L A P I ) B A AR R R — o 3 ) R IR AR
FOESEELRE AR, IR 7 S R R
B3R T S UG B A S AR BAZ T A H T
mr = S SARE UG A F, LIRTHE 7 =5 SAR
BUEMERE, WIIBVEM A M. Fan gt
2 ETEERGBENBIRSAREE

2.1 =7
AT UCRCED: Hvk B G, MiiSARMAE
SEIRNTG RS, MRS ARURAE, R R
FEMG R E. Bk, nlEUCECER BEE K E M E E
BB S5 H R EESARBEG L AR AR RN
Xyp =X+ N (1)

/ﬂ\:':'jr XMF € CNPXNQi%% E%H%%?@@ﬂ/)ﬁ&ﬁ
FEZRSARERBGHEE, X e OV NoZm
st BB 0 A, TN € CNexNoRAIEFE T UL 38
B E R E A SAR BB S I SR oA 1A ) 25
KRS TR JeU . SIS R A R
PR 5 o EFxF R (1) ALY, mT RS SR

i (2) I Lg (0 < ¢ < 1VEHIE AL il R SE B LI
R KRR IRE, Rl

. a
X_rr}én{HXMF—XHF"‘/\”XHq} (2)

Hep, XFREMOFBTHSARKG, \NNIENLS
B ||| 5 RAE AR R 1) 2R R BTG AL
2.2 AR

xR (2) FIIE ALY, Lhg = LRBI, A
Pz AL B SE I . 20164E, — Rk
] {8 B0 4 1 SR AR 3 (2) R A Ly Y B0 Ak 1)
M. SRS R, Z SR DL R0 i A e
LS. MR, RERTE TSAREMGEEX. A
M, ZJTEAAAE— A LR S ) 1), R LR 7
Ga5 R BAr I ER, BOR T BB St i
FARRIAE B, SR 2 SAR G S # TE 2 0
TR AL LS RS 20174F, i UE BAk i
B N0 (2) R 2 T A B AR
5V, ZITFEAMUT D s R, ]
AR R AER S . AET S5 1R
SARBAGEE R, ZAEMER A TH T 7RSS H B AR R,
IRUFHOORFE EUR I T 0 A, (E 1S5 TS AR AL
1845 TP 1E R e A IS LS. SR, 51T
TR UERf R BARRIARGIAS B, SR E G
WARTCIEFA T TSARSEN . 20194F, Bi%s A1
P T — RO AR S, BT R
&AL TR, AZERATYAR AT DL H 3 S SRR
fiit, A% AR R B AR T AR 4 3R A5 UG AR A S
Bo IR AR AAZ L B SRR (2) H B AR A e R T
HAFA, HEALIEMIEN T,

N : TR SVEE #MISARE FUE Xy -

wiat: MG X0 =0, RREGBWO =
Xur, ERSHu, RESH

FEH (1 <0 < LyaxPIEAH:

T 1 RN E AR B AR

xX® — w1 4 x@-1) (3)
Yk 2 HEHRREIR
w = XnrE — x0-1 (4)

g S M SN Bo7B =S hp i
X = sign (X(i)) - max (‘X(i) - uﬁ(i),O) (5)

Hrp, BHATSH Tsign (a + jb) N

a b
Va0t T
Sl sgn (ONF BT, ARAERHIE SR

sign(a+ jb) = sgn(b) (6)



126 %Ok

A %

NS % ERFSIEES, BN HrE
FERED IR A& CE N, B

(1) — | x (@)
80 =X, /u g
K = || X || 22 A WL 0373 S5t 0 6 1 \X@ .

X O WE G B P HE 5 3 K + VMBI RN
TR 4 HRERE
Resi = | X0 = x|

FAIL

(8)
HIERD BN B IERIKE s HResi > e

I, @i=i+1, ZREPITIEAIBH. BN, 45
T, SRR B X 5 AR AR X .
X =x® (9)
X=X (10)

3 ETE9=SSARSEGHIENHERKE
DU B A SO A AR S AR 8 T i I T AT

(a) ULRCIEW AR S R
(a) Matched Filtering (MF)
algorithm recovered image

(b) FI AR 45 R —— i
(b) Sparse solution of sparse
SAR imaging method

PES AR, AR A8 P VTG B8 7 325 B A I AR K
B> =5 S EUREAE AT SE R0 50 E . BT AR A
BHRB T RESGD], HILH PR LA m.
M7 e A & SRR X3, lan, i, g7
. WA, Bih.
3.1 MEE. FUEANS

EI15 B2 0 VTR P8 7 R AR RS AR BUS J7 v
sy =5 B RGEIEAELE R, EX AR
WL (355 K /IN2000 (7 17 1] x 2000 (2 25 171 ) ) K i 1T
ARG E A5 (35 K /N5000(J7 A2 1)) x 5000 (BE E5 1)) )
SEILRE, AT VLR R EE MK E EIE, W
K5 E20R, TikiETEEGEEENIMBESAR
G ITVE IR R AR, S0 55 0 MR
F e BA R A4 28R, (515 4 H MR 15 A%
WELLAS DS R, WEIRTE B MERE . IXEIRAELE
DAL AR S AR 5 H A N IS R SARS 453, 4l
FEHREE. B, SMensig iz )E BB
Yo BAE RN . ok, mEL E2d4m

(c) FBL AR S R —IEH B
(c) Non-sparse solution of sparse
SAR imaging method

1 AR5 VR I 4 X I T 4 2R

Fig. 1 The reconstructed images of coastal area by different methods
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Fig. 2 The reconstructed images of ships on the sea surface by different methods
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Fig. 3 The reconstructed images of city by different methods
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