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Super-resolution reconstruction of SAR images
with application to target recognition
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(1. Modern Education Technical Center, Zhengzhou Business University, Gongyi 451200, China;
2. Zhengzhou University, Zhengzhou 450000, China)

Abstract : The super-resolution reconstruction algorithm is applied to synthetic aperture radar (SAR) target recognition. The parameters
of SAR images are estimated based on the attributed scattering center model for high-resolution reconstruction, thus generating the multi-
resolution representations of the original images. The joint sparse representation is employed to represent the original image together with
its high-resolution representations, thus considering their inner correlations. Finally, the target label is determined based on the total
reconstruction errors. The experimental results on the MSTAR dataset confirm the validity of the proposed method.

Keywords : synthetic aperture radar; target recognition; super-resolution reconstruction; attributed scattering center model; joint

sparse representation

(PCA)™) AEf 4 B 40 (NMF) 1 25, 53— 2% ) 2 5%
RN A RE R IVINYa7 s (RN (R F =R =2y 0 09
VA BT ERAE 3 AR A A X 1% R

0 35

[l

B LA R I (SAR) d i B B A0 07 07 448 Fr) Ji 15 552 R
X AR R 7 ZE U, 2R T SAR R H Ax
PUNEARGH T 807 AR 4T d7 . SAR BARBUN L
ARG X BB AR R R S 23 A 28 T R R T e 2
BT RPESRECE T SAR MRS, FRAH A H bRy
PERVRFIER B, W A RAE 32 20 TLATE AR R E A2 2
SRS AL LRI RS AE . JLDEAREFE R 3 H FR 95k
B RS EE(E B aEe R XA AR SRR 7T FLA
IAPIZE . — IR TRCE T 05 A FE R o A

Wk B . 2020-03-04 Received Date: 2020-03-04
* LI H A SR R H (0103) %8S

SRR R AR B O RRE . SCER] 10-12] B3
T PR OB SAR HFRRG i, g
T BFRIERIR DS 1 R — Rl iR W B 40 2 )

HPRATE SAR HARUN A5 Dhiz F A B HIE 48 K
UTABCKNN) T S i AL (SVM) T B R 4 26
(SRC) "MV AE | SITARE R T IR E 2% S BRI SAR H 5
RBIT AW BN B, SCHR[ 17-19] 2 tH— &R 513 F
B2 4% (CNN) 1) SAR HFRIRBI T 1RIE T &
MIRA R, RS A 7 i U T B R BIRCR (3



20100000077020

510

20 R.%. fbd

SAR PE{588 73 B EH S A F AR P A B - 165 -

SR EAAE—E AR, — 07 T, FRAESROh IF R 58
50718 SAR HARMRRIE, ANBETC o -5 U 1 e ELUE
FHIC I M50 113 3 55— T3 T, 3 JE U SREAL il AR 5 e
R IEBEA T 7% e L BURMIE B R P, X BB R —
SERRSE B2 1 BRI PERE R $E T

YER—FEHR IR BB AR  SAR H AR B RE 5 E 4
IHERBEMSE, ZIRTEA BRI, HAT SAR E{&
(R BEARAEROR BB 1IR3 AT A7 — € 22, ik,
TERRAF FURR P B AT 3 1 35 T B P 15000 R 2 Bl
SAR FIARUNPERERY FT AT 42 . SCHK[ 20 JF 2 70 B
FORNTT SAR FRRIR (K492 30 i 4y PR 150 3 A1
IR R AT b B XA F AR A e . A
SCHSEEET IR MR U O BB RT SR SAR PRIR AT
SEPERTEAG Y AR B AR A RN . AE A
b, FUBRASPE AT LARAT S 200 R | AT 0 2630
S BEAEE HAE 0 Ty AR AE . 2B B, SR TS A i K
AR IR FR B 73 HERSOR AT IR B R AE . A
BATR A CRAR 221 0 PR Z A N TR SRR 2 748
PRIGFRAERTE . foe 28, AR I B M 12 2 4 U R AS 1)
PRl FHHCARSER SAR FARIRSITT ik, A SOk i £
FLRPHT AT 1) 38 o R E A AR SRS H AR
RFES BRI A, MUTIT Sy TE A 2 SR i A B A A0 4 5]
T B3 2) RITHR A i 1R 7 5 58 2 AN [ 23 AR 2 )
F149 A LE S DT B T B RADRS JEE , A R T 418 e 2 TR SR
Tttt . fE MSTAR BdlafE b 9 S g0 45 SRR W I J7 ik
HAT 5 A 8

1 ETEMHEHSPOERRE SAR BEES
WREM

1.1 B OoES
JE PRI BRI Z R sUH A B ARTE o 03
DX o LG B R, B RIBIE T

av@ﬂ>=4-@%J%-a4'ﬁﬁmm¢+xm¢ﬁ-

c

S SN 0 WAL 0= 10, =[A,,a,,x,,
v L, b,y 1(i=1,2, P) fREHFE LI P ABU
Lo XETR—NEO L, A, P FAEU IR 3 | 5 BOF
2t x, uy, WEUR IO AL E o« JRIKEA T 5 M b
O R RAT I B4 K S RITT 1 f B8 L. R, 5 B
HL SRR B LA R AR B SRy,

JREBS O R B BB A T R R YL
S RERS AR FAR 0 2R AR A (I J e B

2 _
sinc(ﬂLisin(d) —d)i)) - exp( = 2mfy,sind) (1)

S OB B TSR PE YRR E AR A B MR O
LIt TR E AT B bR TERR e AT B A R 0 R A T
AR,
1.2 SHHITE5BESHEEN

ARG MU 0 28U S 2 N G A
B R WO O A T S L R AT, R
YERRENC AT A H Y, BEE (S S BB R &
JB BT R R S EUGTHAEA  RE  R M
SRS B TR B A B T — T

MR AR PR D SRR DA (1) R R
I TEAAAME, R L, DU IR O AT R SR A
Bi, B b RAETHUS O BRI T AR, TR L
S AT 7 A7 ] AR, AT DL AR 4 1 SR AR R
SCHRL 21 135 =) 38 2R 43 A 2 O (88 2 R T A
B2 Bri A V3 b ton 1o S S LT T SO 771 <% | By V|
T B IN R JFR Y o FFE, BT LIS 3] o x o fi5HE 53
K SAR F1%,

2 BESSPER SAR BIRRATIE

2.1 BEWHRRTR

FETF R G M 43 PE E AL 1 MG 5 R B B 30
PIFHOCHE . Al AR SCR FHIR G #  3Rm xF E ATk T 3R
fIES 12200 AR B AR B 1 SR bR AR e H Ay W R R
et KOpBEe a0l [y y® -y T B4 A 6
FER BRI

y B =pPx® 4 g® k=1,2,-,K (1)
o, DY AN kSRR A I xR A

B — %5 K A MR 2 n ) 3, IEAE AT FE R 2
W E/ME BT EAR2EZ M, 1535,

K

min{ >, [y -DYx® |+ A B 1) (2)

e B =[x x oo x| s R,

Hoir 78 €, /6, WWEZART JEE B P RIS R 5L
KEETHIITAEE , XERIL T AR 23 HER 22 (8] 1) 56
B,

WK B, W A A A SR T K A PR
B EE AR 1R 22 2RI, ST ) s EH AR

identity(y) =mlin2K, Iy =D x| (3)
A DY Fx™ R | NGRS R AR kAo
R R T M R
2.2 HFRE

AR AR ME 1 iR, S TFErA
CEREAS BN EATTHAT B A PR T | IS A= 4



20100000077020

- 166 - I e 1 3 1

20 R.%. fbd

534 4

TR . MR, M AR SAR [RIR LA S ARV = 23
BRI R T, B 2R TS T B A
AUNGRREAS o XTI AR, 122 IRV A A A [ S5 4
RPN NS G R — IR R 2 A
IR T IR M 2R 7 0 DR A B 22 73 AR R i
FYARAEANEAL , Fe 2 AR FE AL 1 2 4 s MR AR 19 H
PR, BRSO PR ESS T

1) X P A IR AT 0 BB A, 5 IR AR —
EAGEZ AL BRI T 2 /7L

2) SR FHAHTR] 476 7 0 S P S 3 AR AT O AR A L Y
IIHEREER

3) TEIBCA Mt R HESR T X AR AR B i o R
FORVEAT B AR E A, ARAT 24> 70 B R DL B i A AL
PS ¥

4) $2 B (3) X IMIARE A B R 7 R R #2265
PEATE MR 2SR, AR /DN 5 22 DU R A Y
i,

SRR AR Ry AR D 0 PR S g R R
ANIHERE SR PCA XFEATHEATIEAEAL 3R J5 SRR &
M AR BT PCA FRAER AT, RYE Lkl #e
ARIOTEES G 73 BB L2 PCA il 2 i
SRR, IR S S 510 P AT e S B i,

ZHPETR

Bl O < ﬁ?ﬁﬁl?ﬂo <5}¥)¥$2=‘?£&O <5}¥i¥$1<%=§t~<>

kA )| ARKEH

IR
iﬂllisx“#zt:(:> AR

SRR

SPRER2

SIHEK

Bammzns > RRE [ e

1 Z PRI A Mg &7 19 SAR A AR

Fig. 1 Procedure of SAR target recognition based on joint sparse representation of multiple resolutions.
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Fig. 3 Recognition results under experiment condition 1
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Table 1 Training and test samples

under experiment condition 1

25 IIEZ RS A
195 (9563)
BMP2 233 (9563) 196 (9566)
196 (c21)
BTR70 233 (c71) 196 (¢71)
196 (132)
T72 232 (132) 195 (812)
191 (s7)
T62 299 273
BRDM2 298 274
BTR60 256 195
75U23/4 299 274
D7 299 274
ZIL131 299 274
281 299 274

xR2 LBBHE1 TEHIARNE
Table 2 Average recognition rates

under experiment condition 1

Ik KA R % A7 I/ ms
KI5k 99. 08 86.3
SRC 95. 86 62.5
Monogenic 97. 64 91.4
EZig: = 98.21 87.2
A-ConvNet 98. 68 102.3
GDNet 98.92 104. 6
ESENet 99. 02 108.9
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Table 3 Average recognition rates under

experiment condition 1
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Table 4 Training and test samples under

experiment condition 2
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Table 5 Recognition results under experiment condition 2

o SEU% %
30° 45°

AT 97.12 72.48
SRC 93.17 65. 62
Monogenic 95.42 67.18
Zor PR 96. 08 69. 02
A-ConvNet 96. 16 64. 86
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Fig. 4 Recognition results under experiment condition 3
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Fig. 5 Recognition results under experiment condition 4
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