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Abstract

With the continuous development of remote sensing technology, the application of remote sensing images in the field of ship
recognition is becoming more and more extensive. In this paper, a comprehensive and detailed review of remote sensing image ship
recognition methods is carried out. Firstly, the traditional methods based on image processing technology are expounded, including
image generation and causal reasoning, visual saliency and threshold segmentation, and their advantages and disadvantages are
analyzed. Then, the outstanding role of deep learning methods in ship recognition is discussed, such as the application of models
such as convolutional neural networks. It discusses in detail how to self-learn and optimize through a large amount of data to improve
recognition accuracy. At the same time, the differences between deep learning and traditional methods in terms of performance
and generalization ability are compared. In addition, it also introduces the application of multi-source remote sensing image fusion
technology in ship recognition, and how to obtain richer information by fusing different types of images to improve the recognition
effect. The influence of environmental factors and image resolution on ship recognition is further analyzed, and the corresponding
coping strategies are discussed. Finally, the future development trend of remote sensing image ship recognition method is prospected,
and the key development direction of ship recognition in the future is pointed out, which provides a valuable reference for further
research in this field.

Keywords

remote sensing image; ship identification ; target recognition

1% B SR AR AR Bl 7 i E ik

AR AR T R BT SR Y AR BHERE ' SN BRI R
1. ERFRHS A TP Be kI BRSO A R o S sie =, hE - 2280 &8 230037

2 LRI REMAE G Ly, FRE - 2280 AHE 230000

3. B THRIZOE R 22 stz ,, I - 2o AE 230037

?ﬁa‘;‘?&
ERB ARG R R, %R MAS AR ARG B B 572, X B RMAS AR F R AT T A By
o B, METRAGATEGEALEIE R %, @%E%iﬁ%@%ﬁﬁ TR F b Ae A 21 Aﬁ?ﬁﬁ&
& &ﬁ BT TIREF I FHEMBEAN PR EER, b RWERNASFEANG BN, #FmibR T EiefTiEd KT
%ﬁﬁé&%vkﬁm imuﬁﬁ%ionﬁ,ﬁme&%75%%ﬁ%éi%\@ R F o mey £5F, ik, B
NBT % kiR %&A&$Eﬁn%$¢%ﬁm VAR Ao 38 3% Bk A TR B) K A 6 AL R R E R F 6945 8 AR IR A Ak

R, #*ﬁ%ﬁT%%E%\ PR R E ST AR A 0o, TR T AR B A, BE, AR RS MAL IR
R AR R AR AT T RE, #EMM PARREELET &, AT — TR T AL 5FE
KA

R MASRA ;B ARIRA

1 ARG S PRI 7 5 B TR QUL A, b

BEERER R R, BRI E DRVUIS. R TELRRE R
H R PSR 7 . SRR e ST . T g - PRICRESY, (BT R 2R RIR
HUBS TR 2 —, TR R T P, 4IPS SR SCRRIERN , (e
s R EER L SYBITHETRE s MART2 EEAR, iRA)

10



AHTESATERE -

$05% - 506 H) - 2024 £ 06 A

771 TR TR UM 0 %%

PR, BREES STHORBIMGE A MR RIS L T8 HY
B, RS, RHEGRMEME (CNN) ,
% F sh STEGR R FRFE SRR, SEIURHIAS B FRIOAERRIR
Ao SESERIEIRIEHHORIRLL, RS SRR EA R
FHIEFRREDANEREE, REGS SHIFHORI A E AT SN2 R
FIRAR Y IR

SN, ZIEEEER SR BT AR B SR
priut. ZIEEdEREGHOR B R E AR E e RE AL
1, REB ORI SFEIRIRA LY, SEemRB RO 4R
HATEREME BN, Jo BRSNS EA N
M, EFBRGERAESRIARSCEATRE R, MEk
TRNRES B < FE G, RO CIEE
Bho T Bl AKX ESAIES , TSR AU F AR SE 42T
AEMHIIR

2 ETEGAERARNAARA T %

FE TG UG TR AR B LA R 1 77 12 2= e 714
GFIFEE . BIEDE] LEARG . AP IR S BRI
FER, SCHUNS I SR AL B PR IRBIARB . X275
Pl T ERIRERRIR, (BEGMEE TR, 2400
SAFLLUMAYE S 2 HEE PN, HaRBIEER &< 8 —%
SN
21 ETEKGEMMEREENAARIRAN T %

KR HEFE R AR B AL B 5T R 2 A0 E R,
AR B AR AT, SRS AR . 1)
41, Yongmei Zhang %5 A M 2 HRFH— PSSR StyleGAN2
W& EIG AR T, FFAIMNEREGR P TIARRE, B8
PTEAESLE G (WA, B 2) o A, R R T
DRI SRR AT S i R UG AL AN mT R T 1, 1205150
IR AR5 Transformer fHEE Sy, B IR A R EREE |
A SRR . SR, 2T E IR Ak, B
T E AT REN A R — PR .

(RE¢WB) THEABRADIIFDLBEBEER
1B L= HEEXXXYIBHAR” (NBRS
2023-ZM01D006) ; EREXRNFELESTRNFZERINE
“BETOMCIEISREE BNNE SRS HKIMERNSIHE
BICHIEAR” (MBS 62305389) BXGHE,

(1EZ ] #AAfE (2003-) , B, PEIY/IINELA, &
BARAE, MBEREIHIHT.

C@iliEE ] iFsieF (1993-) , 8B, B1, b, MEE

AR

Comprise network

— Constant

= 1 4%4*512 Noise
.Input ‘ b—-ll Noise
images | i —_—

| [ | Siyle

transformation|
 Com3 |

I Style
transfurmation)

X
+) a4

i " :
Up-sampling

Cony 3*3

T Ve
| tra !!S.[Tﬂ ation |

[+ 1 Noise
“Siyle

| lrnnsl'grnuliim |

T Com 33 e | Self-attention

mechanism

Sivle
> _transformation |

(*) 6464 |

B 1 StyleGAN2 M4& 4544

[ T Lp e

& 2 YOLOV5I HIARARIR A 45 R K AR tH B 77 7%

2.2 BT IR BZERMARRITT %

Mt 2 R AR BEAS 5 [ A S AT
DUSERFIE . EMARRBI R, IS B AR R AT B3 )
BosE G EHR A A E AR, SRmi B R RSR R . [F
i, T EREROE M, iR, =5 THREE, DA
N EIRRE 2 RE0E, FASAANRBHIl S 28k, i,
WA T USE TV A ASIR B 75 vk By 2 B A58

11



AHTESATERE -

$05% - 506 H) - 2024 £ 06 A

PR WIFUEIHRL T2 MalErsi, B, JET5sRAnmk
Bl ¥ Kyl T — TR RGN R 5%, A
Sril i FHRA R BORSRIARAFIE, JR AL S Bkt
frorsk, BUS TWEPRER, (BAERIAEIBIE AT TP &
MR (LR 3) o XJ7 IR B4R H T NanoDet AR IR
5k, ZTEEd HAREERERES A, ekl
WA, LRI TIRDIREIRAISEIE, (BAEE SR
THIRBIECRE AT T (WE4) o FR W TFL T —
MRS TRSAR R B AR, BRgdb TR W
MBS B IRBIRI N, fem TR, (B2 R E
PREGIABI R Rt — ok, #0557 —Fob
LT S 2 AR TR K 5 DX IS T8 W B P v T AR A
MBI, HiEd IR BN 2585 IR B s
EiRp, ERATIREEE, BABSRNZES, HEE
R NIRRT R UL

ETHRS |
FEMIDCIE R |

o BGREE |

A | "
[;] {E) o
& v ey | .
1 b 4 A i R H§
H i VAR R :(>
HE A | 1403
: A |

___________

%ﬂpfqﬁgﬁj

4 NanoDet RSB RETER

2.3 ETHESBIFBEIRFHMARRRI T E

R RE DB A TRIGIKEER, Bk
TE—NEE NI, RGNS A RREEKIE, s
REERREDIRA, EIERREED . BEnEIEESE.

FREE N EE S EIBEES, HERRELR
FM T HRED BISET oS, RaEREGR i
RS BARRAISCRAE R, (BN TR AR
MIENPEARR A T iRESERIED EUTENARRE, g
& VR T — SRR (E S 5, R B R E A IE

12

IR o, GEEEXIBE TR, RASUENE
SRt R oy BRI TE Sy IR, REE ). Pl
BRI G R OGS , BEEGSmIRBIRE 1. T/ NE R
AE = N OMAL Rt — 2P 5T

RGN GARRIEARM T GRS . B Rk
RER A RNLEATT . EARRBIN A, XK B
HEERARRC RS R, B AR SR . IR
N PR A, M T gl RN BRI 122
R, 2 T —MhiE RS 2P ER TR AR S
B, WERS TILZG B st AR T, (B
Biiiith = = N o= KBTI 4367 iR =7 V] == s N )
TR, ERMAEIR AR T R iR TR
THLERT S RO I AR R AL S R B 5, A2
FETIRBIRI R, T H R SRRRANZARES), REASERI A
A7 NSRS AR, RBIZ PRI AR T
KEXR, HITEGHREERSSE.
2.4 ETFREFIFHARWMATR S 77 E

BREES BRI EZN LR, AR BSusE A T
MIE o IX— T AEOE TR G RIRE N4 (CNN)
FIEFRIRBIFELS (41 YOLO. Faster R-CNN 25 ) | SZEIAN
BRI EEMCRBISIRB . SRS AR A B ot
LMEBIERA, B IRHIES 1880, GBS EBIM
R M EBOCRRHIE, TR S 43 25 SR B
B, fEERGCROMARRI, RS SRR R A
FHIEHEERRE ), AU T4 7 IR R ERIME . T+
BRERNIFE, BHAl, BEGHRMA RGN F 5 R 2
FEISEERUHAE ML (CNN) | ISR 4 (R-CNN )
L HATHER R
2.4.1 BARAYZ W 2475 i%

GRS (CNN ) VERERES: SR IIAZ D4,
B GRE . CEFAACIL T BISEHER > 512
I, fERBEREBRIMATAEIH, CNN IR KMIGES],
AR A RAHIEAMAS EARRITEIR . SORS I, mHE
REMS R R A 1 A R R

Wang Wensheng 55 A\ ' #EH T —Fiot i@ B G =
TR ORISR T, 125X CNN 454 = T3l
HITRRS, BERRI TASRBIUEREE, Hm T RN E
Bk, SAifn, T E T 5, IRB ISR E REInE (ILE 5) .
Berim e N M TS iE g b AL IR B AR 5t
K T A FEEEE NS ( Rotatable Deep Network ), SZEHL T34}
FEME S AL BRI buE B AEriRs . R TRBIR
REPER, (BN T/NEARRIRB A 223 A,



AHTESATERE -

$05% - 506 H) - 2024 £ 06 A

Geagraphic i 3 .
(o GSHHG Database

l

Hypothesis
fupuit Imizge === Generation

Candidate
Extraction

a"\“
- I
* -
LSS

& 5 Wang Wensheng 12 H AR AHIR IR =

242 RIBERAYZM%TT ik

DISERREL N4 (R-CNN ) N Hfi7AE 23 (40 Fast R-
CNN, Faster R-CNN %5 ) il E%EXf5 ( Region Proposal )
MU, SCBL T BRI it . TR BRI RSB+,
R-CNN X AERSHE R E IUILARS B ARV LK, 1 RE
T B A e D S T2 E ) 2 SRR E R, M
iR eSS El O E=r

Linhao Li % A " #2 tH T 45 & i #5 10 L HE (Rotated
Bounding Box ) [{J CNN MUAGIRBN 572, BEHRE S TMARR
BIRENIRERE . RENZ T IR RS B FRr9iRA
FUH G, (EiFEERERS, RBEEERI e (A
6) o FEERSEAN " TEREAAY B bramh EEIRB 5, X
Oriented R-CNN #£17 7%, #5955 T WUAR B PRy 4k B 12
BIREST (DLE 7) o Z05 R TS BRI 9 2R
NSEEL T SERBANRIRBIER . SR, W T el S AU
R, IRRE TR —ut.

243 RETT 5 B AR ZW %75 %

Tianwen Zhang"* #2 1} T —FJL T° DSCNN [J SAR 52
GRS I T 15 o 12675 1200 T MR R 45 B 6 B 45 1
B, FIF SAR R I 2 RIEFHESEA TIAS . R,
KT 2 REFIERE RIS, S8 T AR i e

Target
¥ Confirmation » Resnit

il ™

filE S

ZOT AR TR AR, TERRE UG 3
BE, 7 SAR SRHYSEIT AR ER O T A FBro 120775
TEE TR NS E R RR 2 — D3RI, [T
/NEARIAR SR A R . RAEE N R H T A
T Att-DConv YIERMIANREI T 1205 R FER N
FOREEA] 2> 555 (Att-DConv ) SRERBUIANAE, @ (it
(ORFIEER A AR, $2m TG IR B A0 vkt ( DLIE]
8) o (EZITEE TS SRR ey SR T
el EE—5ZHE, PEETFRERANIFR AR TE
I SAR MRS R L ] 73 B G U AR T T X 25
FIERS R ),

3 ETZiREBREER SR ARSI 7%

FEMNRRBISTR, 2 IREORERE TR R T HoAms
PIPEH . 2 RIBE RS R R . R N R R
SRR, REVS R AR S EARMR I, M &R
FAAS ARt &, B, AT 2R E 1
WA BI T B ERELLUN T LRSI,
31 RZE5FRHIERE

TR BG R R H 2 ) o He R A= E 8 S Bifn
B HE, MERERERUID T, &R
TTER . IBRX ARSI TG, RTDLIE S A 1)
s, FESRAL IR B A vERftE. 4N, Yongmei Zhang!! 45
NRFRESEARAR, WET —ME2IRSERE Y, Sl
THESERZRNESIRA IR, BERE TMARRE]
e, (EXTE R = N IOMARRBI A el 2sal. Lin
Jinming 55 A\ U R T —Fh IR E GRS 51k, B R
AT SAR AR, 12 T AL B PRI AR B
IR, (BRI R A B A RS 28 Y i
A

7 BEIRR KRR A

-
=3

#

A —
; % BRI | it oG e
il = L giF {
i 3 L
|

i [ I

& 8 E T Att-DConv HJiR R ik R BH AR RZE

13



AEIEESATERE - 5£05% - 506 H - 2024 £ 06 A

32 ZRiESLBHIEME

LR R E A EZIOLIEEE, et
DIH AR AR I, B S XMEE, rTLE
REFE O YEREN, RS EEE S,
PRI RBIAORSES . Linhao Li 25 A M ERHL 7—Fh
FETARGUEE IR S 51k, BRUSE T2 EE a6
TS, BERRF TR RBIZS PR AR S B
R, (B B AR EE S i AR AT A R s
3.3 ZRIEHERME

22 AR B R B AR A AL Sh S 2 A M AT R 42
BT FE ISR i 78R X R A fA]
B3Pl R == WS o 131107 5= e v ka3 [ OPNI RO s B
n, JEEPREE AR T VR T — RS A RBI 5
WTEET 2R S, B RS Am f I () P 51
B, OROEEI TR IASERS, W& TIRBIR
MabERe iR, SR, WAl P IERIER AR 5 b
AAR5de—HHE 514k, Haoxiang Zhang"” 2 A NI@T 5 |
AN RIZEEE BB RS 5 SR (TPSM) |, KeiJlZRE:
R REMEZE (nEk., WIEFEATEY ) , FHiEbiag:
BERMERE, ARG T E ek, HReit T4 51k
(WE9) .

o

Total Test Dataset 0

Module ttime Stacking Ensemble Classifier

9 TPSM Ry RIAEZE

4 RREEF

U B R G R B SR R E AR T &R
EIE, (BTSRRI . — 5T, o EB R
REGEHE RS ZREMBIFERRYE; 5—5H,
BREE S SIBOR B RENS T A X S n 3, (EASALIAARTR
FREMONERIE, HIFERREERR. AN, 2R
AR BARRENS 78 AR EEIRIR O3, (BEdER S
BERE RIS A E A% . AR F T A AT LML R L
NITTE T
41 RNHRREFIRAR

FEMAR RSB O A, RN, Wi g,
FAFNEL:, ok FE BN SRR DTS, [RIRT
TR R DURIRFHTRN BFRiRBIEE:, an
FTHIE (anchor-based ) FITCHENE (anchor-free ) FUAMLALIN
BIJ5iE M, DGR AR S R EIASRE K

14

42 FITEMERE. EBENEEREEE

KRR R AL BT EINERE . &R
EED, DI SRR A EE S I R iXATRE
AR R TR NSRS dER S 751, DR ZREH
TAREEERE RS SRR A B
4.3 BT R EZIMBESEZINMATRAN FiE

B AR B 5 8 T A B bR B R A A
R4, SRifn, FESChRR A, PRESURERORBUE R A S
B HAEDIAS RS BRI ST AT DR R AIE T
RSN A D EFREEIRAIEGL T, SCIUILAT B bR E
BiRB . XA RE AR TR T B B2 ST O AR AE B ER
T, DLRGE TR TS I B 4 S s I B 2 ST AR B
FEA PO
4.4 LR SOAAIRA T %

FRFTPLE B TR SR Sk, TR AR B
B DU R SLBRN TR K . X T RE R FER 5T 2k ThE
FEINER A MR IR B 592, a0 A GPU 8 FPGAP*™ S imi:
RETH B TR DSOS S I A A )
B, DU DT IR R R
5 &g

B GAASIR BT IR T MBS E GBI
ORI BEEL, G HEZRTEMAS, Mles
SIEEHRE TINBI RS S . R IR R s
2% (CNN) J5i%, B Hahs SIS PeiE, BERA
TIRBIMERE. fRifn, (MmEIGZICRED . THEEFE S,
KRR T AERGERGRIBL ST, A ZREE, DLt
— IR R BRI

OEEGHEESYy, TR FEEAES —
TERIEAER, (HEE RS RIS, HR
FRIEFSAIHE, FHERRE RN BB 2T, BINA]
DLt —2 R AR ST B B o AR R AR O 2, DA
PGS TEEE AR NI R

QR B R Tom K%, Fiplas
RS I S U IR TH TIRB R R ARG . Rif,
R IZ ALRE TR g, DN R AR BLE RSB 2
S Wik, NASSHRERE IR AR, DL
HERR T AU ERE . IR, TR T RO — N ),
T TR T BT e S R o

L IRBRSNRE ST AR N R B TTRE T e,
REX IR E R ), (BERmE BRI AR
R ESEE S £, (hElEE N NIk, 2T, &T
2R Bl A AR BRSS9 B RE NS 4 00 iR i (L s
HAOLE , SR E B R SRR — P RBIAL AR AL, SR,
MR PAFRETCIR . KoIN. B AT S 5 T s AR LA A
PR, IXEETTIEX S RETI (R BASHEEE IU, AoHbREN T



AHTESATERE -

$05% - 506 H) - 2024 £ 06 A

TRBIRRERE U, R, ARSRAIBFFT R AR TR SE A Stk |

ERREIR A LS, DURRPR AR 2 B B AR

VALl = njy/ s
@TESEPRR AT, FREHAR,. RO PR ET RG]

RORBISENI RN R] 240, FEdiay B e B R LA M= R

W&o iboh, SERPEEDR M RASKIFR N E RTTA, TR

TR A RTHE T AT s Bk B TR
Mz, BRGCEMAIRANTT 3 BAREE T B E LR,

B 1 2 IR TR 2t — P B il AT BRI

vk, B EHEANZUSIA S SRR R, ORISR iR A

TIIBIR S

Sk

[11 Yongmei Zhang, Ruiqi Li, Zhirong Du, et al. A Ship Detection
Method in Infrared Remote Sensing Images Based on Image
Generation and Causal Inference[J]. Electronics,2024,13(7).

[2] A KRR AT A B AREHGAFIE IR B R G S (0] AR 4%
7R,2023,45(5):182-185.

[3] X5 ARl LT B P I SARIEKIE] BN anoDet il iR
BT[] B F41,2021,10(6):885-894.

[4] ER AT T E MR R G IR B 75 L 5T [D].ME /R
T A/RIE TREA,2022.

[5] 75 XUSRAL RE A2 B LT ie B 1 TE i B T A ARG
SIRBID]O R TAE,2017,25(5):1300-1311.

[6] TRz R ETRERESFIFMAEE KRBT D] = R
VORI AR, 2014,34(4):55-60.

[7] R8s, P, R, S T 1T N 22 BE S AL E 2R
BITFEEI T EAL TR, 2007(11):239-241+269.

[8] ZEHAZA XN R E RGBS MBS N BRI 25
TRl R, 2021,43(6):70-72.

[9]  EAMR, AR A TALER 2 SRR AL S DU AT (AR 2517
BITTEEL] IARIAEOR,2020,42(18):85-87.

[10] Wang Wensheng, Zhang Xinbo, Sun Wu, et al. A Novel Method

of Ship Detection under Cloud Interference for Optical Remote

Sensing Images[J]. Remote Sensing,2022,14(15):3731-3736.

Bkl LT TR B 4 O SR G2 S AT B 5 R [D].AE

FAbEE TR,2022,

Linhao Li, Zhigiang Zhou, Bo Wang, et al. A Novel CNN-Based

[11]

[12

—

Method for Accurate Ship Detection in HR Optical Remote
Sensing Images via Rotated Bounding Box[J]. IEEE Transactions
on Geoscience and Remote Sensing, 2020(5):1-14.

[13] JAIEK, &5, IhFF ot Oriented R-CNNFYE RIS F FRARRLEE

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

IR EEI/OL]L BN TRE 51 H,1-15[2024-05-29] http://kns.
cnki.net/kems/detail/11.2127.tp.20230706.1453.028.html.
Tianwen Zhang, Xiaoling Zhang, Jun Shi, et al. Depthwise
Separable Convolution Neural Network for High-Speed SAR Ship
Detection[J]. Remote Sensing,2019,11(21):2483-2483.

AR, SRR, X MR JE T Att-DConv i ARAR B 75 7
FY[0). HBFRZREME E,2024,22(3):24-28.

Liu Jinming, Chen Hao, Wang Yu. Multi-Source Remote Sensing
Image Fusion for Ship Target Detection and Recognition[J].
Remote Sensing,2021,13(23):4852-4852.

Haoxiang Zhang, Chao Liu, Jianguang Ma, et al. Time-prior-based
stacking ensemble deep learning model for ship infrared automatic
target recognition in complex maritime scenarios[J]. Infrared
Physics and Technology,2024,137105168.

ik, ZEEr, TG, % ST 0 CenterNet (520 TEHIHE
SARIEIGR 2 RS HIARR B BE[1].0E /R TR 47312,2024,
45(3):504-516.

Weixing Qiu, Zongxu Pan, Jianwei Yang. Few-Shot PoISAR Ship
Detection Based on Polarimetric Features Selection and Improved
Contrastive Self-Supervised Learning[J]. Remote Sensing,
2023,15(7).

Jian Ling, Pu Zhiqi, Zhu Lili, et al. SS R-CNN: Self-Supervised
Learning Improving Mask R-CNN for Ship Detection in Remote
Sensing Images[J]. Remote Sensing,2022,14(17):4383-4383.
Wang Deyi, Zhang Chengkun, Han Min. FIAD net: a Fast SAR
ship detection network based on feature integration attention
and self-supervised learning[J]. International Journal of Remote
Sensing,2022,43(4):485-1513.

Ciocarlan Alina, Stoian Andrei. Ship Detection in Sentinel 2
Multi-Spectral Images with Self-Supervised Learning[J]. Remote
Sensing,2021,13(21):4255-4255.

BRLL PINES, S50, 5 T s AN R S S 8 P e T E
JE T A ORI R LA )] ER R 2417,2020,9(2):335-342.

BADAS, XBIK, B S B T I A A AR AT SAR LA I
BB ]85 5 40P, 2012(5):1-10.

Rt R, f b, BB T 0, 55 KR E SAR EIGIR A AR SR 2
SEBETTI BN TRE SR FH,2024,60(1):301-309.

Tianwen Zhang, Xiaoling Zhang. High-Speed Ship Detection in
SAR Images Based on a Grid Convolutional Neural Network[J].
Remote Sensing,2019,11(10):1206.

15



