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Abstract: For the synthetic aperture radar (SAR) target classification method, a multi-view was developed based
on the principle of the maximum entropy. The mutual-correlation matrix between multi-view SAR images was
established based on the classical image correlation. Afterwards, the nonlinear correlation information entropy
(NCIE) of different view sets was calculated. NCIE is capable of analyzing the statical properties of multiple
variables and entropy value reflects the inner correlation of different variables. The view set with the highest
nonlinear correlation information entropy was chosen, in which the multiple views share the highest correlation.
The joint sparse representation was employed to represent the selected multi-view SAR images and the target

label was determined based on the total reconstruction errors. The joint sparse representation is capable of
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handling several sparse representation problems and enhancing the reconstruction precision when these problems
share some correlations. The proposed method could effectively analyze the inner correlations of multiple views
and employ joint sparse representation to exploit such correlations so the classification accuracy can be improved.
Typical experimental setups were designed based on the MSTAR dataset to test the performance of the proposed
method while compared with some other methods under different test conditions. The results show the validity of

the principle of the maximum entropy and the superior performance of the proposed method for SAR target

% 50 A

classification.
Key words: synthetic aperture radar;

information entropy;

0 35l

i

4 WL 4% 55 15 (Synthetic aperture radar, SAR) H
PRar 2 H R A 20t 90 AEACHF RBFFE LUK, I T
K IR, L, SAR HAR 2Kk 2 DL
AR MG R A, 38 2 35 2 A RRIE S BOR 73 e ik it
HIE HARZEHIP, R SAR 4 K ULRE J1 09 A Wi
Heow, ST 2 M AR SAR B Kk L2
5% . % & 5] SAR EHME /Y W M oS, Z 490 A
SAR & 11z e 255k A AN 6] 7 AL s A £
f) SAR 15 B % 51l g DT 2 18 43 S ke 5 ) R 4k
G T R~ MA R SAR B2k, 20
177 138 A S AN BEAE T A A AR AR 426
PERE. 275 3CHR [13] 2 TIFAT oSk Al & 0 S B 2R 1T
Z )i i f SAR BURYCR R G o 8 Y6k JH S 41 bl
I3 AT AL DR, d5 IR R T B L R RS A
[ B PSR A5 R . 2725 SR [14-15] B IR M i
NN TZ A SAR S H bR o3 26, Sl B
i L 2 7~ A AR 25 AN [R] R A 22 [ 79 oA A DG TR A T
PRI . SR [16-17] N WS H5URRLG
(1 Z A8 AT BEAAAETUAR R B, BRI AEBR A 0 B 2R
ZHTTSEHEAT T, G0 R A 2 AR
P T RARA G EB A RIE . 255 30k [18]
Wik — 20 X Z AR AT 50 B 5 58, M N TEAH DG B o
M8 IE R — RS . A, LA AES
(89 73 IR 2 s PO SRRl AT B AR 702

U225 3CHK [16-18] FIrigidk, SEBrid R Uk
() Z2 051 Pl REAFAE TUAR L 2R F T IE B 2 25 2.,
A EEHATIE Y AT Sk, SO BRI T A
R ) Z2 00 Ff SAR UG i i 77 kit i i A 1 B
WRordE. B, BT RBAH DG E UM IR R AL f SAR

target classification;

multiple views; nonlinear correlation

joint sparse representation

FIMR Z ARG RE o FELAERS b, #9300 eI i £
WA 22 18] BRI AR 5 ZR BRI, WA TR 40 Ay 22 8] B4 9 7
HHIEME . Jrol i HUER Z LM SAR B 1411
FENTRYARLPEAC S B0, AR Tk
WL A RO AE G o R, X 2 0L f SAR IRIZ 2E 4T A
FEARSEAE T, BRIURAT S KR B LA B2 A 208
ML fem, LARE Mg 2 7m 2Rl 24>
A HEATIR G RAE, A R 2800 b i SA A
DRZE, T M nr/INER 22 A9 JU U R 32 A A A2
Bo SEERfE MSTAR ¥ilife b ibAT, 2R 2R AF Y
IR S PR, SR BERS S BT IR A

1 SAR B FmiE AN

SAR S8 HA7 B (9 0L AR SRR B IR
SAR G G TT 7 A1 22 B T O, P B AALUE
ANWFREAR . AR, 75 5 AT 2 0L SAR H AR5y 2875
R, — A EE AR s AN R LA Z 18] 5 N e
Kl NI, A BB ORI LA SAR EI{R 2
(8] AR A DG o 3R SR 28 L By PR A G AE i A
[ AL A AR S A A HE I, 2 2K (1) s

D > e =y a(k=Ak, [ = Al = m]
1> > itk h=m, Pt~k = Al -m]

()
s 1AL B AR J5 07 A 19 PR SAR R
i Mlma 53 R E TR 2R DB M8 AR AL fi 1
B e AR AR IO S A E . A3 (1)
S SCHY PERARRLIEE BV 3 AN 7] i B 2% 1 B A9 d K
FELLBE fELo

FETF AT (1) 22 SCHAHBLIEE HE D) ] 2350353 22 40
A SAR PEB 2Z [8] (9 1 A Gk, 2385 G0 Bl 4R A% 2

c=max

20210233-2



s Gk A2

% 12 47

www.irla.cn

23

% 50 %

MR Z T B N AE AR G o DA RO I o 22 L A o
M REE N TEAHSCE, & TH ARG BE L KR 21 9 70 280
JEE, A7 e NS L F AR O R EAT B IR S HUA R A
FA BRI | ReE 19 ARSI, T LU O A 25 b 52 4

R4
2 ETEEMBEXERERNSMNAIERE

SCH BB T i R (R U X Z2 08 £ SAR BIHR
HEAT T SR O e, S A (R4 AR =2 M) A A DG 2R EL
FEREAN T

1Fps - Fiy

ryl-ry

R=E+R= )

nitae - 1
APy BRI PR REE/R N HLA SAR B8 2 [1]
A4 EL AR SR B, Herb o 2R B8 0 SR SRR 22 1) Y
FARLEE o TR RS REVAFAEAR A, 7R BLFERE g SR
LR SCAR B H I T

T
He=1+ Z ﬁlogTﬁ 3)
LT T

WG (3), &I Z 8] 58 kST, RIARALL
JEE A 0, MR AR 5C 28 A B B [, e 8 RIC T 1Y
AR O 1o BUl, BfE SN, 0 00 AR A Z
[AFELE—E MG, RV E AR BOAR (L E , I RAG Y
MEAEA AR S o AN AL A 58 22 DU BC (AR,
(E AR ORAE 1o PR, ARSI (E 1 /N T L o3 iy 2 40
i SAR IR Z 8] 1 N AE SRR o

SRR A (3) & R AR AR OCAR B AT
I FERL AR AL B RO e o 0 Bk 19 p DO W) B AR
SAR K&, Hi WU WX E AT #EFT 45, A5 P A
IR TR RIA, M T ARG MM 1%, K
A 3) 0B AR LA DGR B, AR5+ M fx
DRI B4 D D) i 45 B B () Z2 AR . RIS B AY
Z A0 BAT BRI A E AT S, ol 80 TR 4 2
VBN R

3 EERESHANKERERT

31 BRERAERTR
R e MR (10 BT 21 ) Z2 90 SAR JRIMR, SC

o

Hh SR IR 0 B 3 7 0 BT T E AT R A A0 A A 1
XTI F ARy, R BGR A kDA FRIRLA, 2
e [y0y® - y® ], RGN B HEAS AR R/ MEA A
AR B AR 22

ngn{g@=2||y<~—oa®||} @

b D AT, SRRSO EAS ooxf
BRI 0 F5 R G B =[aVa®- o Tidh R
K
HE— 1, KA TR BLARBUR S /G HTAR
R 2 i 0 S T 475
min(3(6) + Bl ) 5)

I, /€3 HON ZRBOHE FE R 205, AN R0 A X
1) 22 005 s A 1) 1 AR 1) o0 A e, R T BTG A
Ktk o XFF 2 (S) MLt in @, vl A A
B BN A SR A TR A

SR ff AR AT A TR A X 7 114 235 SR 1y Sty L, 4328
SR EMIRZ, WA (6) iR, MG i/NR2E
SR

K
identity(y)= min Z [y - D) ©6)

Krh: DA A R F DS 2RI Jry il e, B4 5502
T IT A VIRFEAS
3.2 BiRaEiRiE

e IR AR D IR, ok  BAR RR An A 1 BT
N MTFZHSEMZ MM SAR BIME, B TR
KAFE B S WA e AR A 3 . ARG, dE T B G
i i e R X E AT THEA T RAE 4387, 11545 2R RN 252
FIXF IR A AR 2 . I, Hi IR /MR 2=
B RAT 3 A EE 5L, B 20 A AR AR 19 e Jg H b2k
e S5 R HZ UM B SAR BR324k L
B, SO T I AZ O BT AR TR LG 22 40 AR 1Y 3k
o AR A AT B S Z AR B O e B A T
HIPEM FE bR, 3T HAE B 2 rY 200 A B BRI N
FEORIRNE, A T Je Ze Bk A s R iis FH o BARSE
it SCHRAE Z A R R A A B, ZESR LA ECE AR
INT 3, RGRENLA G BRI Z AT, B THRK
P05 B A5 B AR LA AR IR R 2R 4025

20210233-3



i E ok A2

128

www.irla.cn

Nonlinear
correlation
information entropy

Test sample

Training
samples

Global
dictionary

Joint sparse
pars Target label
representation

K1 ST RN Z WA SAR HiRrZmt

Fig.1 Flowchart of multi-view SAR target classification based on maximum entropy
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Fig.2 Illustration of the targets to be classified
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Tab.1 Setup of samples under SOC

Type

Training set Test set

BMP2
BTR70

T72
T62
BRDM2
BTR60
ZSU23/4
D7
ZIL131
281

231 193
231 194

230 194
297 271
296 272
254 193
297 272
297 272
297 272
297 272

BMP2
BTR70
T72

T62
BDRM2
BTR60
ZSU23/4
D7
ZIL131
281

(U 0.000 0.005 0.005 0.000 0.000 0.000 0.000 0.000 0.000

0.000 @KVIVR 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.005 JURZERE 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.004 0.000 [EKELM 0.000 0.000 0.000 0.000 0.000 0.004

0.004 0.000 0.000 0.000 WREXR 0.000 0.000 0.000 0.004 0.000

0.000 0.000 0.005 0.000 0.000 EKZERW 0.000 0.000 0.000 0.000

0.000 0.004 0.000 0.000 0.004 0.000 EUELER 0.000 0.000 0.000

0.000 0.004 0.000 0.000 0.000 0.000 0.000 FUCELH 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 FEULIA 0.000

0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.000 0.000 EEQ
L s s s s s s s s

P

Qq/ (\Q r\r\/ @ & @ \b& Q'\ ,\,J\ %\
SR & P » v

Pl 3 BRUEARAEARMF T 225520

Fig.3 Classification results under SOC
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under SOC

Method Average classification accuracy

99.36%
98.74%

99.13%
99.21%

Proposed
Multi-view 1
Multi-view 2
Multi-view 3

CNN 99.08%
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Tab.3 Setup of samples for configuration variance

BMP2 BDRM2 BTR70 T72

Training set 231 (Sn_9563) 296 231 230(Sn_132)

424 (Sn_812)
571 (Sn_A04)
571 (Sn_A05)
571 (Sn_A07)
565 (Sn_A10)

426 (Sn_9566)

Test set 427 (Sn_C21)

R4 BSERZFHT OIS LRI
Tab.4 Comparison of average -classification rates

under configuration variance

Method Average classification accuracy
Proposed 98.86%
Multi-view 1 96.78%
Multi-view 2 97.92%
Multi-view 3 98.17%
CNN 96.02%
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Tab.5 Setup of samples under depression angle

variance
Depression angle/(°) 2S1  BDRM2  ZSU23/4
Training set 17 297 296 297
30 286 285 286
Test set
45 301 301 301
m30° m45°
98.16 R 97.48
_8 100% 96.52 97.07 95.68
5 W 75.14 8871 26 B 72.82 087326 [ o <
e 70% !
28 60%
= 5 50%
A
< 0

Proposed Multi-view 1 Multi-view 2 Multi-view 3~ CNN
Method

Pl 4 IREAD A7 2257 T AP 4320 1
Fig.4 Comparison of average classification rates under depression angle

variance
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Fig.5 Average classification rates under noise corruption
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