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Fig.1 Procedure of SAR target recognition based on

variational mode decomposition
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3.1 BUEENAR

K HI MSTAR Hc4fa 48 % 42 H 5 v 4047 14 RE I
S, B SRAE T LG v W A B 4 S
10 2 HA I AME 9 255 H bR SAR [BIR, 25 (1]
SrHEERRIREN 0.3 m, K2 FER T 10 K HFRI LA
KIfG Je 4 Pk MSTAR % ds 4 b Au % 172528 H bR 1
ANTERFAA T /Y SAR [, n 15°,17°,30°,45°45
WA, W5y B ds 24 7 815 1) SAR K&,
BMP2,T72, [N, 2T B 4R nl ABEEF & 1 5
FeYpmeont e th o7 W b AT A im0k A v, 1
FUUFR LA 1 SAR H AR L 5 A SO & 47
XFE, AL AG BT SVM 175125, 55T SRC Y J5 ik, ik
FLB R 2% ( convolutional neural network , CNN)
F9 77125 LA S SR L 12 ] rp i 1 B 5 5 R AR Y 7 o
Horp,SVM J5 % 4] PCA #EATRFIESRIG; SRC J7ik
K HBENLB L HEATRELE ; CNN L TR K EEHAT I
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Fig.2 Optical images of the ten targets

3.2 MRERS S
3.2.1 SOC &4+

F 145 T ET MSTAR BdladE BB (19— Fh i
TR SOC 4o N ZRAR A 4 70 310k A 15° A1
V7oA AR, Wi Z (B ACAE AEAR /NI DR A A 22 57, TR
T DAORFF B8 i B AR AUE o SR AR SO ik %X 10
e HFRAEAT IR, A 2 AN 2 P iR IR AR . )
DA Hh , 2528 AR RO IE A0 UM R B RAFTE 98. 5% LU

AN TGRS i LA SR i g 227 , P 32 5 [ 7
FEAT BT HE N, 1B B A5 505 R CNN D7 AR USSR
FHRTHGR o LA R IR BE FIA8CR 2 05 T, A 37 1%
TERRE AR 25 0 T BRI TR RE LA — 2 1Y
s
®1 SOC £HZHGE
Tab.1 Experimental setup under SOC

%5 HIEZ S i e XY
1,10 ZEHFRAGE R AR 99.24% |, iR T AL BMP2 233 195
TSRS T L Rk RE . 3R 3 XL TAHIF Y BTR70 233 196
BEFEAAE T 42507 R A, 45 0 10 26 o - -
*fi E‘quiglﬂﬁﬂﬁ u&1ﬂ%”¥4\{mﬂlﬁﬁ$ﬁ%g E"qu BRDM2 298 274
BImTIHAE . 22K IR AT ATEARERRAE SR T 1 BTR60 256 195
AR HO BB PERE . NN LB 5 07 3k 15 S - o
SRR I, Bk B T 99% LA b TERCRTT ZIL131 299 274
T, AH HE ] B B SVMAISRC T 25, A SCH B 151 251 299 274
F2 SOC EHTANFAENEEER
Tab.2 Confusion matrix of the proposed method under the SOC
B3| BMP2 BTR70 T72 T62 BDRM2 BTR60 7SU23/4 D7 711131 251
BMP2 0.985 0 0.005 0.010 0 0 0 0 0
BTR70 0 1.000 0 0 0 0 0 0 0
T72 0 0 0.985 0 0. 005 0 0. 005 0 0 0. 005
T62 0 0.004 0 0.989 0 0 0 0 0.007
BDRM2 0 0 0 0 0.996 0 0 0 0.004 0
BTR60 0 0 0 0.010 0.990 0 0 0 0
ZSU23/4 0 0 0 0 0 0.993 0 0 0.007
D7 0.004 0.004 0 0 0.007 0 0 0.985 0 0
711131 0 0 0 0 0 0 0 1.0 0
251 0.004 0 0 0 0 0 0 0.003 0.993




52

JEET 5 BETARMRS RN SAR G BRI 5 % 37

£3 SOC £HTFIRRZEF TR EEFE
Tab.3 Average recognition rates and average

experded time under SOC

FkA SEHEE % - RN AE/ ms
ASCTTI 99.24 75.4
SVM 96. 94 69.5
SRC 97.26 62.7
CNN 99.08 78.6
5k 99.10 80. 1

3.2.2 AF %k

T A4 F AR T LAGE i SRy A A4 A2 A A T
PSR, TR At 24715 BT R RE AR 45 14
R —BUBAFAE R AT 22 5% 0 I BN ZREEA 1Y
A RRYE RS A& Afrp e — RS, £ 4
T 2 R EAR AR S RAL A T A I ZRAE A
AR, 35 oy AARTLS , BMP2 1 T72 fIUEA
SINGREASK A 58 A R 5, BTR70 /1 9 1R E
J), BRI RE AR BIMERE . £ S FI 142Kk
BEZRAE T AP . AEE SOC 26, #2607 1%
MIPERERAT TR BV b, A 2805 i IRl AT
R TR AR, 52 NN A3 E R RS 25 5
AEH 3 5 AT SOk P 45 SRR — 80
ARSCTTIE MR R fe e, WIS T RS AR HoA
TSR IE WM. BT BVMD 45 2 1) 2SR
7N RES S 4yt S e bR B 2019 15 6L, AR T 5
AT A N R AL A A T T AR

*4 BSERTIERE
Tab.4 Experimental setup under configuration variance

el PlER Sl TS6 I R

196 (Sn_9566)

BMP2 233(Sn_9563) 196(Sn.c21)
BTR70 233(Sn_c71) 196 (Sn_c71)
195(Sn_812)

3
T72 232(Sn_132) 191(Sn.7)

RS5 BSEFTFHARMNE

Tab.5 Average recogntion rates with different models

Jridige IR %
A 97.82
SVM 94.58
SRC 95.72
CNN 96.07
HEfESk 97.14

3.2.3  ARAP A AL

SOC Z514 T, YN B A A A i B A ASIRFATD £
25 AR/ P AR B R R o AR, BB XA
YIZREE IR A AR AL AR BE A R, PR I 22 Rt &8
WA, S ECR B S MERE I K. 6 {1
AR A 22 5 I 2R A 4E L3 25 B AR 17°1

I SAR EHRAE N IIZRER , IAREA N 73 510K A
30° R A4S PN A o AL AE 2 A AT 2032 7
B, ARFRANF DT 5 R PEREXT EL AP 3 Bros . ARSCT7
TEAE 2 AR BE T B IUR e i RUN R /R HEX T
DRFI AR AE A B RS RE o BRI AT A 22 57 1 1 DL
R EAREY 2 i B Z T8 A7 A Jey 3R B AR
EATS SR A7 AE 25 i H AR 3L Rl fe k. SR A BVMD S
fifp A 2 14 22 B8 25 2 7 AT AT 250 S S Rl L R A
ik, DA Ay TE A AR IS A
6 BMATHTIRIEE

Tab.6 Experimental setup under depression angle variance

eS| WHm A 281 BDRM2 7SU23/4
YA R
- ! 17° 299 298 299
Bt/
WkAEEE 300 288 287 288
B/ g 45° 303 303 303
1001 96, . 9492 96.04 96.32

80

60

15/%

R 40
=8

20

0
A3CT7iE - SVM SRC

bt
3 MAENEET THIRAE

Fig.3 Average recognition rates under
depression angle variance
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ANASET ] Y (0] B, SAR H AR SR 5 1 e A R
g L ) 29 4 A B S IR vh g S M. SOk
(7,13 JAEBRE R X W 7 T 254 T Y SAR H FRilt
ST TR AN, ZR B T A X H BRI
ERERA BN BE R A SCHE R E AR SRR
JLEEXS e 1 i I aURE A FE A7 e A5 T 0 S 5, Ik
BI7 Bl {0 L (signal — noise ratio, SNR ) A5 4L, Fié) 14
AehZe, il 4 iR, XF AT UL, SVM AT CNN J5
BE SNR B3 AT A 14 RE T K duc oA i) 10, T P G 1P 42
250 Hor 3 55 WA R T 2 1 43 2R AL
M TR A T MR A — e AR . AR
T AR MR KT BR AR fe ARV RE , B ik Ho T
W TR AR fdeE . BVMD 7EEAT KIS it
PR SEBR T 2275 11 MR 7S 52 e (G I e v S0 e
P AT B B 2RSS B AR TR Y e
THE. B, 45 G BVMD 28888 5K G 1
BRI T M AR

CNN  HBifF 5k
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Fig.4 Performance of different methods

under noise corruption
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Target recognition in SAR images based on variational mode decomposition

ZHOU Guangyu', LIU Bangquan', ZHANG Dan’

(1.

College of Digital Technology and Engineering, Ningbo University of Finance and Economics, Ningbo 315175, China;

2. College of Computer Science and Technology, Zhejiang University, Hangzhou 310058 , China)

Abstract: In order to improve synthetic aperture Radar (SAR) target recognition performance, the authors propose
a method based on variational mode decomposition (VMD). First, the bidimensional VMD (BVMD) is employed

to decompose SAR images, thus obtaining multi — mode representations. Afterwards, the joint sparse representation

is employed to represent the multiple modes. Finally, the target label is determined based on the minimum

reconstruction error. The proposed method was tested on the MSTAR dataset. It could achieve a recognition rate of

99.24% on 10 classes of targets under the standard operating condition (SOC). In addition, its performance

outperforms some other SAR target recognition methods under configuration variance, depression angle variance,

and noise corruption. The results have confirmed the validity of the proposed method.

Keywords: synthetic aperture Radar; target recognition; variational mode decomposition; joint sparse representation
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