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Recognition Method of Ship Targets for SAR Based on M3Net
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Abstract: To address the challenges of significant intra-class variations and high inter-class similarities in ship target
recognition within synthetic aperture radar (SAR) images, this paper proposes a novel recognition method based on a multi-
branch, multi-information, multi-depth feature fusion complex-valued network (M3Net). Traditional methods predominant-
ly rely on manually designed amplitude features, failing to fully exploit the inherent complex-valued nature of raw SAR da-
ta and neglecting the crucial phase information and its coupling relationship with amplitude. This limitation results in insuf-
ficient characterization of ships’ fine structures and ultimately restricts recognition accuracy and model generalization capa-
bility. Through in-depth analysis of the noncircularity and complex signal kurtosis characteristics of ship targets, this study
reveals that these features can effectively characterize the scattering properties distinguishing ships from the sea back-
ground, highlighting the representational advantages of complex-domain statistics for ship scattering characteristics. Build-
ing on this foundation, a deep complex feature extraction module (CFEM) is designed. This module employs complex-val-
ued convolutional operations to extract amplitude-phase coupled features and innovatively introduces a cross-fusion of real
and imaginary activation (CRIA) function. The CRIA mechanism, utilizing a dual-activation function cross-coupling ap-
proach, achieves nonlinear feature interactions and enhances the representational capacity for complex-valued features. Fur-

thermore, the multi-branch, multi-information, multi-depth fusion network M3Net is constructed. M3Net synergistically in-
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tegrates a core complex-valued convolutional neural network (CV-CNN) backbone, a pre-trained CFEM branch, and a real-

valued feature branch. By incorporating a complex-domain attention mechanism, M3Net achieves dynamic weighted fusion

of these heterogeneous features, adaptively highlighting the most discriminative feature channels. Experimental results on

the reconstructed OpenSARship dataset demonstrate the effectiveness of the proposed method. Compared to the traditional

CV-CNN, our approach achieves a 5.89% improvement in overall accuracy and reduces the maximum accuracy deviation

across classes to 6.82%, significantly enhancing category balance.
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6. XU i 2 AT A I Ak A5 2 CFEM 4 HURRIE I o

AT 58 A 0 R B S A AR AE B BURE ), BB A S5l 12
PO B AR A 5 50 AR 7 - W R S e SR ATl
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BGETHRAAE 7 1k 00 n A R ME AR E M, N A = (A
SAR MG AR R BT 55 i SC BUVE B4R T . 3Ok R
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AR B bR HRAE s X5 T J5 & CV-CNN (1 32 PR A Sz SAR
FA) SIS P 5 S IR e a3 AR G2 B Al T A L
ST S 5 R R 2 ) 287 B S AR A R TR
EA5 SRR AE A 2 T B LA o 5038 5 3 2 (8] 115
B PIHBESE I 5 Bl CV-CNN AH DT 432568 7

TE 58 A A R 0 R 268 48k 2510, R A1 BFE
TEAE iy A T4 58 SAR i BRI g i Z 42 7 H bk
WU HERG R, IF H X R RRAE 2 0y X5 28 AR A% DT fic 3%
filt CV-CNN AR (1) 202 PE e . A Ak R 2 mm o, &2
A BURRAE AT PR AL 3 . AR T ol (5 B
) e ], AR AR A AT T SAR JELLR 0 P Y i P
AR S, XA - W8 (R A A5 R RE A O H
Fr B BT RRAE . A2 28 BAE 2 1T, SR AEAS S FRE S CV-
CNN 4545 J B0 R i B [ 25007 . 56l CV-CNN (1
i oS AR 2 SAR B8 1) S8R 5 i VR A XU i
Bar N, 38 o 52 B0 G TAK il BT S R =2 [ ) IR
M 2B A5 BERAE S BR L B 2% 538 5 HE 0 0 38 BLAR B
YEAT T WU AT, X R AL BB 6 T CV-CNN 75 ZLAE 9% K
S EURNT SAR B 1Y BB AS B, RIS SC B0 1 EW
HIAROL-IE R A5 B

K AN TR 5 3545 3 /) 3 43 2R B 46 B a1 9
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B — AR B RAF SRR, HE 27.39% A HCER M-Il A 1R
S BT IR B RRAE T JL A 5 A AR ABL E AR A X 53 B
A FHZ T, CV-CNN 18 i 52 BOE: B B 52 A s
FE WEERTE T IS UM RE , NC+CSK+CNN Jr ik 7E
FERERE A 323K 5] 83.40% HERG R, Ja) HR LT s 4 HE X
TR IS 9% E B B R L (0 36.35% B ECDE M 152
RN R TR EREEAEAE X 40 25 R AR BN H AR B JR B
£ . Wl 2k CV-CFEM J7 38 i 3T 88 2% > 52 B 84.77%
) B S A0 S VA R[] P 4 4% 238 ) 1) S A PR
BT 4R B ABRFIE R AE P34

A BBUBER AR 1Y CV-CNN B 3E F T HA5 B 4454
BT A 3 J0 T BB R AIF 19 NCH+CSK+CNN Xof £ 25 4 s 4
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i YRR A S SEBLT R ZE A bERE . X R PERE 2
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AT B R T R [RVERAE R AE 4 5 A B L
SRR 2 ] B DE B RR R

2545 LA B3, CV-CNN  NC+CSK+CNN 175 1 %
CV-CFEM —=F' SAR A 73 2507 VA AR R IR RAE 5 43 251
AE B A S B ANER R, v LA RS A =R O DA
M ZE G5 A R IR B PERE
4.3 M3Netfiff BARIRANE R D

P10 A% FH M3Net £5 21 (1) 3 70 FS PR 45 5L . 1% 5L
KR F DL R NC 5 CSK AR AE By 18 1 RT3 — i 3
K N=13, LSF-HEPRAE S B A T8 s S T s i
Fy 2 & K 3 B 3 il (Complex-valued Squeeze-and-
Excitation, CSE)™*', 32 CV-CNN 43 32 Fl 524l VGG 43
L E ReLU B0G pRAS e K AL)2 Wi 2% 20 R ik
4 0.01; Wil 25 CV-CFEM 4337 % F 0.001 A9 4 i 2% >
R FFEE A AR K > R BE SR | LA 5L i I 2
IR . YN AR i B R/ INA 32, U 24
A 1007%, W S B FEALES EE % (Stochastic Gradi-
ent Descent,SGD) P IAL#S , I LASE U Jg41 26 R %K.

11.93 (7352

BRI ke
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g5 R 9 510 7T LA Y, M3Net 76 52258 iR 51
IR E 80.67% W ERR 2, AH LL BRIl Y NC+CSK J5 7k il
Tl 25 CV-CFEM H B A T B {24 T CV-CNN, Jf H7E
TS TR U 80.55% 1 H = MEAR 2%, #8 CV-CNN ATl
CV-CFEM ¥ &7t , WoR 4 iy ¥ i . (EAR S
[ S , M3Net 75 e HLAR AR 2 B B0 MR BT 55 h SR 58
HY L HERR IR F 73.85% , s B Ho A B —J7 1

TEVUBITR S J7 10, M3Net K 5% A 152 340 Sk 42 56 A s
B HE SR A 2 21.15% , I 58 15 ) R A 78 il 7 7.52% Y38
AR B AR, M3Net TR E B AR AT
K B — T R B ARAE, T BLYE 2 A B AT S5 2
%7 P— R A PERE BR

2R T 3k S IR & 808 3 7 1 HLH X M3Net
BRI, He b e e 45 S AR SR . X HE S22 i, 2R
JH CSE 1 2 1 WL 09 M3Net B 300 00 5 19 25 45 1k
e, ANAUIBUE T fe i OA, [l AR T 1 SR AR A 250, 18
2 3 0 WL RE AT 80T AN [ W 50 1 0 kG B . A

L2, T R AL AR 5 A% OA 131 76.87%, 15
e 26 A8 WY il 184 A, 3 W 9 3 0 WL o X A AR v )
FAEM AR, R A ROEE )
(Complex-valued Efficient Channel Attention, CECA)'"’
Y B IR OA IR BIURAIL , (E R 22 F e ik 28.88% , S Bk
T I HLR AT B8 T BO™ A 2 i 22 R) R . T A
B AR iEE (Complex-valued Coordinate Attention,
CCA) P BRI TF P RIKF-, OA K 77.08%, 1z 2 1K
13.94%. 254 LR HT, CSE B IIMLGI LM ERE
EAR B AE 09 S A AL Rl G 1) [R) B, 68 6% S 4 b D13 )
ANl A AU (R RRAE 27 2T, i At S I 9 S S0 IR &, AT
SEPL T R RE S AR E M-
®2 RATEEEIIHI M3Net XFLL L A %
R A | SRR | g | B 0A
M3Net (CSE) 73.85 80.67 80.55 6.82 78.66
TR 67.55 81.40 78.97 1385 | 76.87
+CECA 59.00 87.88 83.45 28.88 78.56
+CCA 67.80 81.74 78.83 13.94 77.08

i IR, M3Netili it 250 X 2 A R B TR
JERA AR T 45 7k & sl o 2 B
JTHL FVRRAE fl S 5 A RCR AN TR — T Y SR PR
(G2 SR N RIS S E P TR b E S Dl 2
PET T HOOR AR R4S A oy MR, W E = T
SAR MR EEHE T B AT S A R R
4.4 M3Net HRRSEIG

TH ARSI 45 w2 3 R, Horb e Rl SR R ik
7N, 25 5 e B M3Net A5 78 75 LA 70 SR BIAT: 55 e 8
H gL PERE . 529 M3Net U EAS T 78.66% (1) 15 /5
OA, [ IHAFE T /MW 25 6.82% , iX # BIZ AR AL
A3 Z0KG B v, T ELAE AN (R 78 1] g 50 0 45 SR d5 oy 1)
R . X HESE B W, BRI f B CV-CNN B il 25
CFEM R} | B AR REARAS 72.77% F177.16% ) OA {2
W 2241 53 9135 5] 16.84% F120.72% , 1 B 3% e 65 He 77 75
B i () 2 03] 25 ) R LR VR R Y S, NCHCSK AR R 11y
e 25 1A 5535 28.25% , [ Bt FLRFIE A (1 SR BRI . (a)+
(b)F(a)+(c) & F AR OA A FHRTE B Ik 2] 58
AR P PERE KT, R 2E(E A B K . CFEM 43 30k
o F 1 25 ) M3Net JR A 22 35 3] 22.76% , B35 & T
SEBAEAY X T T FI RS X CFEM £ & PE Y
FEETTR . 256 B, M3Netill iF I £ 0 L £

5 Z R B IE LA A, BT SEI T A SRS R AR
MR OE R T, b 2 B AEE B RITE S5 R T
— ARG .
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POTHT | SRBEAEMT | A | M2E(E | OA ik TSR | SRR | WhEE | MR2E(E | oA

CV-CNN (a) 6275 | 7573 | 79.59 | 16.84 | 72.77 VGG16 5050 | 71.80 | 79.31 | 28.81 | 67.20
I CFEM (b) | 64.05 | 8477 | 77.17 | 2072 | 77.16 ResNet18 55.00 | 6221 | 78.62 | 23.62 | 63.57
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e 62.40 78.43 7876 | 1636 | 73.85 i7-11800H CPU 5 GeForce RTX 3060 i | (1Y ¥R % |
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HAE Ay i b 2 AR Y B Ak ] 5, R IS 42 M3Net 11
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gEIR P S R AR R B GIA T CVGG &
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L 258 ZWE R AR E A T A T
PRAFAH I AR Pk A AL K OA i — 25 #2755 78.66% ,
B AL IR A
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