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Few-Shot SAR Target Recognition Method Based on Feature Fusion
Attention and Meta-ResNet

LIU Qi, LIU Yong-xiang, ZHANG Xin-yu
(College of Electronic Science and Technology , National University of Defense Technology , Changsha, Hunan 410073, China)

Abstract: In recent years, traditional synthetic aperture radar (SAR) target recognition methods based on deep learn-
ing have achieved promising results. However, these deep models need lots of training samples for parameter optimization,
otherwise they would possibly encounter serious overfitting problem, resulting in low recognition accuracy and poor gener-
alization ability of these deep models. Aiming to above problems, this paper proposed a few-shot SAR target recognition
method named multi feature attention fusion Meta-ResNet. In this method, we designed a learner based on residual net-
work, which can effectively transmit contrast information in SAR images and thus improve recognition accuracy. Further-
more, the multi feature attention fusion module can provide weighted multi scale features by fusing features of different
ResNet layers. The improved meta-learner can not only learn good initialization parameters for learner, but also learn a dif-
ferent but appropriate learning rate for each learner parameter. The comparative experiment between the proposed method
and other three few-shot recognition methods demonstrated the effectiveness and progressiveness of the proposed method.
We also conducted experiment to verify the robustness and study the influence of the network structure on recognition accu-
racy. We showed the different but appropriate learning rates of learner parameters learned by the meta-learner.
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& W FL#2 5 15 (Synthetic Aperture Radar, SAR) &
28 38 2ok TRl I E AR e ST R R I L A5 BRI B A ) RO
R IRL IR I A Y T A [l AT AR T AL B 15
2 H AR E PR ER . A2 TR E b,
SAR R GL AT L4 R A KA I 7 — 2E R s 45 14 T
P T ELBLAR BT AN 32 6 25 55 DL T R AAAF A AR S5
AR, DRI, SAR BUS 2R G 12 10 21 B R 22
AT, 040 AR 2 LI LA e 1 Bl H AR
51 ( Automatic Target Recognition, ATR)!7 12,

SAR G T 5 W 14 B 285 1) RV [ b %) B A5 A1
w AT B TR AT R Ok A 3 B AR R EOR B A
58, R, IT4EK , 56T SAR RN TR 15 A 3h H AR R 5
7 R (Radar Automatic Target Recognition, RATR) il K
TR 22 B 2B TR G TE 1 AR SE
SAR B4 B 3l H R iR 51 J7 v 7T KRB A A AL BR 46
— A BRI PR ICRE % S T I8 H AR R AR, 28
AL BRAR PG PE B P RRE TGS A e 2K e . TR &
JUAE BT SAR EUER Y B ARSI J5 i Dk & i, 5t H il
1115, BT S 9 SAR SRR W] KB R AR
JUZE ARARRFAE" SR RFAE ™, LA AR AE " i FL R
SHRRAE. AR Z2 BB (4 43 A RR T 2 B B SAR A
B A 2l B AR UG, 30 S ) R AL (Support Vee-
tor Machine, SVM)", [ 3 Ji $§§ 4 A5 7022 1 540 S el
RS R ARG 5 ik AR e R AR BBl T R ik H
B H B0 (HR TS BN T AR HUREAE , S5 B 2% 07, 1
HURRAE Y BT e S TR SR R, ] 29 R P RE Y
FET; . BARIT AR AT 5T AT S BCEAT H0 501 3 R A
D7 A AR 22 TAE AR IR ZE B Y Al AR A A
A B )1 SURFAE 2Z 18] A 1 SCMS A ffi A5 IR 58 5 1)
PUINBURARES AR . BOTF 2, 65 5 dohil ot F
TR BN RAAE A L LR AE S 22 1Y SAR R i L
TRJZ G 1 53 2 BOR B BE W 2 AR 2 F5 i
HARHEATIR B EEK

TR JE 27 2] W PR R A R AR g ik 17 i T TR 2
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%2 1 SAR B B bR iR 5 7 ik e T A T4
WORMIE Ak 72, S B T B AR R AE B9 [ 3 52 IBOT H Ak
i AR 48 TR 45 AT A 0y R L H R R
JE A5 I 2 5 K, 4 o R A 42 I 2% ((Convolutional
Neural Networks , CNN )2 s ﬁﬁﬁ{%méﬁ[ ) i S E|
gl 2 B 75 20 R A7 B B JR 252 WL AR R L 8 bk
F SAR M H50 24 rpr L A L TR 2 2] 1 SAR
K& B 3 B AR R 57 i ae % A sh4e 2 2 0 B b
FRAE , 0L AE S5 24 1 R0 g J T 48 4% 8 R 0 O ik
A PRI H I bR TR A A A AT T K = R 4

F R AT N2, — HI Rl AS I, o S0 % 3 A A
ZH I E N LA R, AT BOR B MET
TR BERZ AL RE T AR 25 L AR, AR IR BB A
219 SAR PG B 4R 5 ZR IO MR A7 5 28 14 )l 2 8]
BAIR A B — & MERE , A LUF LA
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P A RO [F]— 43 A (9 2% ST 55 B kA7 2% 20, DA D)
RS AE IR AR [R] 73 A7 197 24 55 B3R B R APz
kR . SCER[29 ]88 1 1 PEHE R 2% (Matching Net) Y158
AL VG C ) 26838 5k 27 2] 1 DU B AR AR A 5 I e A 2Z [)
AR , SRR AEAS 1 4325 , s O AR AL RS B
ST H AR s 1) SO 2ok AR DT B AIR 1 X6 D1 e A i
BT oK. SCHRI3T 4t T — AL e SC ooy ) 7 i
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BT TR B AR Y 2 A (455 R 1 2 802 ek I 5 LA
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23] vk, SCHk [36 ] 1A # 7E D EC X 45 i 3L ik T oF
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2.2.1 HEEHR

TR RS B RUZ WAL )2 , BRER I B s
PRIEICHE B
KD FRERZ BN, P W b, RN
& FUZ MR Fi O B 250, X FR B A SAR G
s bR ZE R Y AR L 2, RN B TR
i YRR IR, = ROR B PR
Z = Wen* X+ b, (1)
EESOR b OB DY I o A RS TR VR SR A SR
IR Z ik WAL 2 17 R AR 46 L S Re LU 00 pREUZ i
TR |, an=C(2) A= (3) Fom , Hih maxpool 4
TN B K HMLAEERAE |, relu 27K Re LU BT BREL, A, R EE
b A S R BRI RS YRR 1A
A, =maxpool(relu(Z_,, ) (2)
relu(x)=max {0, x} (3)
F A 2 e 4 BT R S 2 MR 0 IS I RRAE [
YERER T A SRR 4 FE 2540, kBRI R 454 P LA el

R (4)F1=(5)FoR, Hirp Conv R B FRERME , (1)
FE S, H L AR BRGSO S L BRI BN R B
— 2o E 22 WE R . BRI RN S A BIAMY S 5L
AR 2R B i ELRE W5 AT 55 1% 1 X SAR H A
PUNAT B B H bR 5 15 508U 58 B 0 H B (R 8. 3.
1158 Xk —N gk 2 i ) db B R 2K (6).

R,..=Conv(relu(Conv(4,,,,))) (4)
H_=relu(Z.+R,) (5)
H_ =Resnet(X) (6)

2.2.2 HEFENREELR

{15 8% phy — 1~ B 22 45 e b B A5 1 7T LA 6
H =[h.h,, . h:]e R C FRINIBIA, FRIE
AT 425 [ A h H < W, PR TR R 2
L3 — AN 1 x 1A R FI— A [ 35 7 0k J2 43 590 5
H | (F30 EHOR — 47 [ A TR R 4 L LAV 8
SR BRI BRI S B AR T LR R
F=[f,. . fo Je RTT o, AW T C,<C, L8
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AT LA (7)) FRoR . Horh Adapool 7R H i 1 it Ak
2w, BN BT T FOR B TR
f,=Adapool(u,+H ) (7)
FEAFRZE W5 2800k i B 75 21 B R AE
B F 2 28330 1 2 AL 4 7 AN [ B9 A ER R/, DT
SR DU [R) % 22 B H A B RRAE A 3 EERRAE R S8 AN
[ AR AUE S . SCHER IR — 1 1< 1L ER)ZE, —
AT )Z N —A> sigmoid FE PREZFI A . EE TIHL
il A e € RS A 20 (8). Hop o Fom
sigmoid LT PREL, W R /n IEHZAE S50, 6 3R
ReLU i sR B, W R BRIZRESE.
A oo =W oW xF)) (8)
K (9) KR ERE LG A, FFHEE FitfrooE
X AT , S B AL RRIE R A A, 0 3
ANLERLSELY A
OF (9)

F,=A

atten

FRAETE B 7 Bl G B 1 25 F 7R R I n E 2 s
FEAE T 2 Rl A RS BT — P R T s R 45 4
(spatial-wise ) 83 B2 I AL, SCHR (41 )R A9 2 —Fh 5
T3 18 (channel-wise ) 9 {3 5 S LA, SCHR[ 42 ] [R] B >R
T 223 [R] 25 0 AR T3 A T L . 5o
—iEIE (“RGB”) EME A L, SAR EIMG 2 i 8 F% ,
2R WEIER R, T H 5 R 5 77 02 1w )/
AT SAR HARS , (5] B 2R FH 6 A 33 25 AL I
S 1G24 T B RSB, S 2% S B0 WS 2
HEIME R, PR A SC HSR TR T A R S5 A B T )
BL , FEAE T3 5 7 Rl 5 5 B B A5 R 1E L v o U1
By R A= e N 8 O i = e e e [ A2
ARV 0] 4 FEE SR Y B ARRHIE 7R — & TR s
INFEAZEAE T XN SRR AS (9 55 oK 2, [R) B Rp ik 33 28 )
Rl B R SR TR 1 1 A5 BRRI 1 2 7 il A B 8 U /D 5
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By H 2 — A i B JE I Softmax JZ 4 %, 20
(10) /R A FESL 2 T AR L f2 o W, by 53 5]
PRI E WAE R &S50, Z, #on &R
Hith .
(10)

(11)

ch = chH+ bfc

exp(Z.
(0122 )= softmax(Z, )= P Fr)

zexp(zfc/ )
j=1

K (11) E IR Softmax 13+ 5 2 2, Hh Z, 7] L5 i
(Z.. 2, 2y 1y (0= 1,2, o, ) Fon B — R
2.3 BUi#EH Meta-SGD T 3] 58

W1 TR, 2 2] 2 2 A 5] 45 4 1) i 28 10 45 )2 4%
AL A . R R4, 2 H R BEAILRE B R
AT S AL Ge M BEDLES BE T P L T LR R
K (12), ML S HGE 5 RV ALY, AR RP)4R 1L
(B ASR Jpe 2 1 P BB LA BRI s ), LA — 2 A
k.

0'=0""—aVL(0") (12)

1EX (12) Hr, 0" 7R BHT a1 I 288 S8 (FEAR SCrp
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TR WS - 1V RE G N, o TR

AR GERIRE BT Bk, 2 o AR/ N BEE AT IR
WEE AR 256 TS B0 45 R AT AN A IR 5 . VL (0)
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PRE (13) 315, o p, 378 B RY L I2 2651, y, RoR
o 265 Tt A Ja T 2001 AR

1 n
L (0)==-"> p;log(y,)
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