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A SAR Image Target Recognition Algorithm Based on
Ensemble Convolutional Neural Network

LI Wanghua,ZHANG Zhenkai
(Ocean College , Jiangsu University of Science and Technology ,Zhenjiang 212100, China)

Abstract ; For the problem of target recognition in synthetic aperture radar( SAR) image target recognition,
a method of SAR image target recognition based on the ensemble convolutional neural network (CNN) is
proposed. Firstly, the data-enhanced preprocessing operation of the original data set is performed to expand
the training samples. Secondly, different training subsets are obtained from the training samples by
resampling ,and Dropout and Padding operations are introduced when training each base classifier, which
effectively enhances the network generalization ability. Then the idea of combining the Adadelta algorithm
and the Nesterov momentum algorithm is used to optimize the network, which improves the convergence
speed and recognition accuracy of the network. Finally, the relative majority voting method is used to
combine the classification results of base classifier. Experiment results on the MSTAR dataset show that the
recognition accuracy of the ensemble model reaches 99. 30% , and the recognition performance is better
than that of a single CNN,with strong generalization ability and good robustness.

Key words : radar target recognition ; synthetic aperture radar( SAR) ; convolutional neural network (CNN) ;
Ada_Nesterov momentum algorithm ; network ensemble
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(5753 W S AT = S SR N oW 7 = =W R £
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1.3 CNN EAREIHE

CNNU™ R —FRRIR I £ 2 Aol 22 M 45, LA
SRRAYRFIE 7 > SAMERIARE ), FEAFERMAZ |
GRZ BOE)Z MA)ZE A EE R E

B2 TR RSEIENRAHE . BOR RS
FRUZ A48 A 2R P SR, 75 Aot 22 ) 4% ] L3
FEATAR Lt R B8, IR 1 IR ARGtk By P S5, AT AT
G L PR ARG ARSI IR, 8 F A0S pRARCA
Sigmoid PR %Y Tanh PR%Y . Relu IZI%I%, Hrf Relu
PRIAICRT LA G 0 B2 T 2 119 0]l L RE A S kit U &
(R, PRI 2 O o Tt Ak 2 3 B 0 4 AR i
A RFAE TR AT RRAE R A B 0k i B A
LM A AL ZE B 0E , CNN AT LA ARAE 2 2
FEPE R R ORRIE AT R A BT 47 14 43 28 00 2 > fiE
J1o BRI TR T o RIS .

CNN PRI ) AL 46 2 40— 2 0% 0 FHAE XS A1
JEEA B FEEAE R XA B RGHE T 8 )2 R
fESREL, =X (1) A=l (2) B

g =Ywj xa; ' +b;, (1)
a;=f(z;) . (2)
(1) ez FORHE LEDHT j ARRAE IR A AL
Flsw, e R2FRHE (-1 B i MHER 55 12
5 FEE SR « RRBIIBRATS ;b £
TR R jAREE R BT, R (2) il e
RAFRE LZME § DRIER £ - ) R EE

A SC e PREIGE ] ReLu BRI, 105X (3) FR .
ReLu=maX(0,z]I.(x,y)) o (3)

WAL ERAEE s AL, = (4) Fiw

a}[i(x,y)z max a;(x+u,y+v) o (4)

Osu<p,0sv<p,

X p, Al p, &AL FERN
Dropout F{J A2 75 9 28 1| 2k ] 42 IE — 5
BENLICTE R M 2200, Bl DUA 3808 Al 28 4 4200

Z[BIHKAS P . R A Dropout J& 1 W 25 115524 =
(5)~(8) PR
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a'=r"xa", (6)

! = Uy ol gl
zj:_;wij*aj +b}., (7)
a;=f(z)) . (8)
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ARSCEETET 4 A4 10 2/ CNN 2244 343 1%
it 51 A Dropout #1 Padding #4F , [RIH >R H Ada_
Nesterov gl i ik AE A B/ MEITR R B AL Bk,
PAZH A — > Multi-CNN, KA e 4 A~ CNN
4394 44 4 CNN1,CNN2 . CNN3  CNN4, H:H CNN1
BRI N 1 s,

F 1 E5rEIR CNNI WL

R KAl AN K i L FFE R B BRI AL Dropout Padding
1 LTINS 128x128x 1
2 HREZ 8x8 2 64x64x128 Relu same
3 k)= 2x2 2 32x32x128
4 HHZ 5x5 1 32x32x64 Relu same
5 k)= 3x3 1 30x30x64
6 HBRZ 3%x3 1 30x30x64 Relu same
7 HHEZ 3%3 1 30x30x64 Relu same
8 HHZ 3x3 1 30%x30x32 Relu same
9 k)= 2x2 2 15x15%32
10 EERZ 1x512 0.5
11 EEEE 1x256 0.5
12 i 2 1x10 Softmax
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TE CNN1 Al I, 38 5 kA8 26 B ) RS i
BH, #H T CNN2, CNN3 Fl CNN4 [ 2% f5 0
CNN2 /24 CNN1 H155 6 2B UL Rk 5%35,
HABSEOAAS . CNN3 2 CNN1 156 4,6,7 JZ2H
BB 4> R 96,96, 48, oA S BN AS
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L(w.b)=-XyIn P(y,Iz"w.b) . (9)
A z" J2 Softmax JZ A, 1 E— a2t
AR N IR

Adadelta 35 EA B IE N 2# 2T KD RE, B &
X} AgaGrad Bk i — Mkt it FEE ML T AgaGrad
BIRAEIN LR I5 W27 2] AR/ NS B B i S50 —
AL Nesterov #lH3E") AR BEAR & i i
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338 07 27 T SRS |l LR i BLA 3 0 2 2T R
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Require : WAL 0, WAL SEL E[ A0* ], =0

For t=1.T,1§#H .

NGRS rh R B Y m A/ DEREEAR {2 n™ ),
PSIASE SR

TSR BCEIEE[ A6’ ], =pE[ A6® ], +(1-p) AG;

KA ITHLRMS[ A0], = /E[ AF ] +€

JHA2E 2 % n=RMS[ A0]

HE 6 T OB A0 = p [A],_, - RMS [A0]_, V,

(%Lil‘(f(x“) ;0) ,y“))) . TF Nesterov 3l 1 ¥ A 5] A

Adadelta 3125 2 %
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End For
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h T AR B bR R A5 R TEAS o K AR
YR58 B , 75 BEXF I A7 43 28 2% 0 25 20 47 AH X
EZEy

WINGHEARLE R D, 25t R FEBAE 515 3] 1

TINGSER D, VISR ELIF 88 A b, H 1=
1,2, T, FEA x BSEBR 4 b, (x) , 200G
Hiler ey, eyt 20 ¢, BSEPREm A W (x) . AH
X ZRABEEEANE(10) FiR
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3.1 EWgE

R T B UEAS SR R s A O R T R
S5 DAPRA % Aiiff) MSTAR 2 FF ARG 817 b 47 1k
REVEAL S0k, s 4 6145 BMP2 251 BTR70,
BTR60 . BRDM2 . T72 . T62 . ZIL131 D7, ZSU23/4 %
10 ZeHb T 45 Hbn, FEA SCrp 8 AR E R 25 1
(Standard Operation Condition, SOC) T SAR &{% it
R, F 17 0RFA F T 1 AR AE D IR
A IS AR R A EHEA T R REAS . SOC R Il Zk
5 AR B AE H Ik 2 B, 78 SOC 4%
PR 10 2EHh T 4295 H bRt AT 20 2600, 70 0P
FEhRS e BAAR 7 2545 B (Overall Accuracy, OA)
FNE-$21 432K 2 ( Average Accuracy, AA) , 4% 152
R FHAE 25 93 20K B # ME 22 ( Standard Deviation,
STD) VE N PFNFabs ., A SCER /e L & N Intel (R)
Core (TM) i5 - 6500CPU @ 3.20 GHz, 4.0 GB RAM,
NVIDIA GeForce GTX1060 GPU HJTH-HL E 52K,

&2 SoCc MlGSNKBIRERNSHE

IR BIAE g s
BMP2 IR 233 195
BRDM2 %W g 298 274
BTR70 el b 233 196
BTR60 e RPN 256 195
T72 FEHH 232 196
281 HAT R e 299 274
D7 # L 299 274
T62 KAHTE 299 273
ZIL131 LBl 299 274
7802374 AfTESHE 299 274

3.2 LR
3.2.1 3£ 1.Padding BRIEXMEE D LBMEME
A
N T RAEAEAS I 228 P B A Padding #AF X
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FHEIPAAT N ZEPERE AN B0 1% RS 45 2R

23N,
£3 REEMA Padding BIEXEEN LIS M A EEERIZMN
sty P Padding 0, 0A/%
£ (S
H 98.93 98.70
CNN1
7 98. 47 98.12
98. 68 98. 35
CNN2 ol
g 98.05 97.89
98. 87 98.75
CNN3 ol
" 98. 36 98. 14
H 98. 85 98.57
CNN4
TG 98.37 98.05

RS, 24 Dropout #5324 0. 5 I, %% B2 432 1)
PR R e HACR i 4, X2 R 24 Dropout HE#
0.5 I, Dropout BEAILA: LAY M 28 2k i 22, #A
SCTEBETHAE R 28 1), 4% 5L 532 4% 1 Dropout A
HBEE N 0.5,
3.2.3 3. ESERNERNERIE

R T R BT R ) A3 S A A S, AR S
FHAEFR L3 S A8 B A AT 5 LI, A0 A 3 T 4
BLOPRAHTE SOC T o3 J8RBIMERE , Ik 6 firs .

*6 HMEHLIFAE SOC THIRBIERE

FOr I AA/% 0A/% STD
CNN1 99.13 99. 03 0.63
CNN2 99. 03 98. 83 0.65
CNN3 99. 07 98.94 0.57
CNN4 99.05 98.90 0.61

H1ZR 3 FTLUA 745303 2888 P51 A Padding
BAVEIS & B0 S An 0 T 5 4 SRS E 5 A O3 260
JERRAT 0. 5% Zi i B9 . X &N 51 A Padding
BAESE0D TN G B £ 0 e I T £
M EUGAFE , A RS TG . TR G E TR
VA SCER U 28 I, & 5L 5 264 th 2418 Padding
BAE,

3.2.2 3CIE 2:Dropout #RAEXT M 214 8L A2

A3 T B UE Dropout $4E X} W 26 M4 BE (1) 52 ), 7F
BIEPAERER T A Padding 1A RIS BT, 20 I AE
Dropout #£%°4 0,0.3,0. 5 F1 0. 7 Bf 47525, 45 5%
ek 4 F1K 5 PR,

& 4 AE Dropout BERIT R E SRS AA BN

Dropout AA/ %
M CNN1 CNN2 CNN3 CNN4
0.0 98.93 98. 68 98. 87 98. 85
0.3 99. 02 98.75 98.90 99.01
0.5 99.13 99.03 99. 07 99. 05
0.7 97.04 96.98 97.53 97. 41

&5 A Dropout HEEX ZE > HKF OA KIS

Dropout OA/%
M CNN1 CNN2 CNN3 CNN4
0.0 98.70 98. 35 98.75 98.57
0.3 98.92 98. 45 98. 80 98.73
0.5 99. 03 98. 83 98. 94 98.90
0.7 96. 85 96. 32 97.27 96. 54

& 6 1l LAE A R0 R A BRI
BOUNRCR I H a3 2648 Z 18] (14 43 2 U0 PR BEAH 25 A8
Ko T H, &5 52 1080 & B, 30 0k % 8 2 800 4
B ARMELEHER R L A R e Tt (R &R
ARG EEARME2Z 1T 0. 60 Afq , IX IR E
A R R AR N I BIVAEAE e 1)

S LR 2 25 HE A 2R AR A I 2 S A 2
LRI 3~6 i,

3 4 f13% 5 v LLE H  BE%E Dropout = [141%
T, 25 34T ISR 1 43 FNG B 5 B AR oy FG FE 8
SESEHAINE U /)N X A T R I AS & Dropout %

- 1922 -

— Y%
20 ] TR L
1.5 \
o \
& 10 |
\
0.5 ‘\,
\WW\,\W
0.0 T
0 20 10 60 80 100 120 140
EA KUK
B3 CNNI iRk E 2k
— Yl
2.0 R4
\
1.5 |
|
5% 1.0 1“
0.5 "\w‘
N
0.0 PN ANl olx
0 20 10 60 80 100 120 140

AR W UK
4 CNN2 By#R 5k 18 th £k



%63 %

EEAE K UTEL — Pk T A RS R 2 R 45 1 SAR TR H AR R 5 ik

12 3

3.2.5 SLI§ 5.S0C THUIRSBIMEAE LB
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A1 HA SAR ER BARR BT ik T3 L, AR
REE TS WL, SCHR[19]  SCHR[ 6] K SCik
(8195 43 Blie M iEF4 VGG16  MFCNNs 1Bk
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%8 JLETEE SOC THIRSIERE L

YLt a)

— JNgE
2.0 W5
1.5 \‘
- \
&« 1.0
=S
\
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\“’\'«
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0.0 e s
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— g
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i |
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K 1.0
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BAR UGS K

6 CNN4 BB (E 2k

HE 3~6 AT LA 1, M ZE VI ZRmn i R 1A
HLig T [, KRAELE epoch & 20 YIS IF BI85, HLAE
Uz SR i E PR =i am L N T 3563 € . S O
3.2.4 W4 EWNSHEIEEERIR

FHUN SR A7 19 35 53 25 PSR AR 47 T, 9%
Jei 53 ) D A5 5 T < AR 5 Oy 0 2 gl Ry
(ISP AF AT AN 2 B S AR A, TR 2 T =X
AT 5 REEH: , B Zs Rk 7 Fis

R7 HENSHREERNBRER

HE AA/ % STD OA/%
e 99.21 0.34 99. 05
L Er et 99. 30 0.27 99.15

M2 7 T LA R AROG 2 50088 S vk 0 4% 3
IR REE RAE VUG W NG SR — 2 n 2
Tt ST, B ZL ) A4
PRGSO 5K BT DL R R 29 0. 15%
“CHRPEEET S Ay 2K B S BRSO B Y
AT R R29 0.23% , INFR 7 LI 45 /Al LIE
B UG -2 53 G B (R bR 25 LA SR 0 2R 1
B/, IR UL R R0 2% 10 43 25 R B M A T8
AN AR Z8 I 25 R PR B, I LA IS 1) I 45 BRAIG
TR RIRIIRMEZE

STk AA/% STD (L E R R
T VGG 94. 40 0.58 JL/INE
MFCNNs'* 95.52 0.56 IVNIESIFS
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M3 8 T LA AR SO 2 07 15 1 °F- 35 43 20KG
i, AT RS VGG16 . MFCNNs FIJf-IB6 CNN 1
SR A NG R A R T 4. 9% ,3. 78% F10. 2%
BIRA ST 0T 5B CNN 7 35 34 40 K 1 4
AN (AR SO N R T s g, 53 o0, DA
8 MILE T LIE BT LR i, A<
SCIFHE 7 15134 3 RS BE W b 1 22 e/, FRGHT
U RS B B AR PR 28 I 46 T L AR A A fg HL
ARSI PERE
4 4

=A

AR SR I W B 22 M 28 /R S SAR B8 H
BRI 28 R | e o K 254> 56 23 28 48 B TR 25
SRPATER MU, T L] I b A v A ) 5 1 TR
RE I MIRSAERE S, o TARAL T g th i R4 SIA T
Dropout F1 Padding #21E , 7>k Fl Ada_Nesterov &l &
EAVE AT AR T MRS E S T
WIS IS0 [ . 1E MSTAR 348 48 SOC F#y 10 2%
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