E-mail: jig@aircas.ac.cn EPEI%%H???E 1

Website: www.cjig.cn JOURNAL OF IMAGE AND GRAPHICS
Tel: 010-58887035 O HEERERFRIRIFE

PEESES: XERFRIRED: A XEHS: 1006-8961 (XXXX)XX-0001-18

32 5| &K : Yang Jian, Chen Jie, Xu Huaping, Wang Xiaoliang, You Ya'nan, Feng Xiao. XXXX. A Review of Joint Target Detection and Recog-
nition Techniques for Microwave and Optical Remote Sensing Imagery. Journal of Image and Graphics, XX(XX):0001-0018 (#fit, BiAS, 48 F-, T
Wess, JUWAG, U . XXXXC Gl 5 a5 B MR A H AR I 5 U B R B g ot e . b B B R DB 244, XX (XX : 0001-0018) [ DO :
10. 11834/jig. 250648 |

iR 5 e FE R E GRS BRI 535K AR
i
BB B A T E A, A TR

LOERRFRFTRR A 100084; 2. dLEMia iR K AR TS, Lt 1001915 3. PERAIKFRETEEGES S
UG AT S22, K 3003005 4. JERTHRHL KA A TR BEEBE , ALt 100876

l:ﬂl

B RO LI B A R e SR, DA T e SR PR G DR A A I S R R FAR , E O BRI L
VAl B [ 5 22 4 A U SR AT 55 o Dl IR RI (Rl R 1502 d 5 DL B B SR PR s — B 2 S AT kA H
PRAS N 50, AT DA E A , A7 20w iR B — S A% TR AR AR A S 4 S5y BR A, 7 Sl A e S RE R 291 4R T A2
IR FARAR R RE ) %07 R A S BN S R HIAT R . ASSCERIE T 502 s BRI A H ARG 53R
BIEAR BT HERE B S, A T M PR B s DA SRR FARAGI S5 R ) — b B R . U TRV 1%
U T IR W ) PR LB S A R T 1) 22 S B AR LRSS 2 R A AN I R AR U I 2 S
AR LA RS 25 5 R R 55/ BRI S U5 o AR A b, o R SR i b P S MY O T ERIE, 23 3B 12
BB PR o LEMEAE I U, LU E AT B ARSI S5 R0 A%, e T 5 T RRE R 5975 76 R IR 9 7
IR T WO R DL ST R A I 5 vk o A Il I P U, SR TR AR SR B A O HE F AR R T
SETRHMERLS AT R 5 28 A 2050 T 55/ ARSI S5 UM EOR . AN AR PR 1 i AUk i 6 P RE
BRI ARSPASI RS €8 i WPIDUF &/ -9 < E bz Fa L =

SRR RO EUR S A AR T s FARAS I 5 F AR 5 5 B G s TREE 27 > s IR E)

A Review of Joint Target Detection and Recognition Techniques for Microwave
and Optical Remote Sensing Imagery

Yang Jian', Chen Jie’, Xu Huaping’, Wang Xiaoliang’, You Ya’nan*, Feng Xiao’
1. Department of Electronic Engineering , Tsinghua University , Betjing 100084, China; 2. School of Electronic Information Engineering,
Beihang University , Beijing 100191, China; 3. Tianjin Key Laboratory for Advanced Signal Processing , Civil Aviation University of China ,
Tianjin 300300, China; 4. School of Artificial Intelligence , Beijing University of Posts and Telecommunications , Beijing 100876, China

Abstract: Rapid and accurate detection and recognition of specific targets from massive remote sensing images have
become critical tasks in fields such as environmental monitoring, disaster assessment, and national defense security with
the rapid development of the earth observation technology. Optical images and microwave images are the most common
types of remote sensing images.  The joint target detection and recognition utilizing optical images and microwave images
can have complementary advantages and effectively overcome the limitations of obtaining targets information from a single

type of sensor. It has important theoretical value and promising application prospects in breaking through the performance
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bottleneck of single type remote sensing and improving the interpretation ability for targets in complex environments. The
paper provides a review of the research progress in joint target detection and recognition utilizing microwave remote sensing
images and optical remote sensing images. Firstly, the characteristics of the two types of remote sensing images and the
common processing procedures are described briefly.. The early approaches are usually characterized by a multi-stage pro-
cess involving feature engineering and fusion at the feature level or decision level using classifiers like support vector
machines (SVMs). With the widespread application of deep learning in various fields, nowadays the end-to-end intelligent
interpretation dominated by deep learning paradigms are widely adopted in the joint target detection and recognition. The
rise of convolutional neural networks (CNNs) has revolutionized the field. These models can learn hierarchical and dis-
criminative feature representations automatically from raw pixel data. Despite the significant strides brought by deep learn-
ing, the joint interpretation of microwave and optical remote sensing images remains a formidable challenge. Secondly, a
thorough analysis of the main challenges currently faced in this field has been conducted. The foremost issue is the discrep-
ancy in imaging mechanisms and subsequent feature representations, as well as the heterogeneous modality gap. The sen-
sors for optical images usually record the sunlight reflected by objects on land and sea surface. Microwave images include
active microwave remote sensing images and passive microwave remote sensing images. Active microwave remote sensing
images are usually obtained by synthetic aperture radar (SAR) which captures the backscatter in microwave band of objects
on land and sea surface, while passive microwave remote sensing images reflect the microwave radiation of objects. A tar-
get may be distinct visually from that in an optical image but appear as a collection of a few bright scatters in a microwave
image. Another issue is the imbalance of datasets of optical images and microwave images which could be used for training
model. On the one hand the quantity of datasets of optical images is larger than microwave images, on the other hand the
resolution of datasets of optical images is usually higher than microwave images. As a result, the scarcity of high-quality,
large-scale, pixel-to-pixel co-registered, and accurate annotated datasets for multi-modal training is a difficult issue for
joint target detection and recognition. Furthermore, the spatial-temporal asynchrony poses a significant practical barrier.
Microwave and optical remote sensing images are rarely acquired simultaneously or from the same viewpoint. It leads to
temporal changes such as the target movement and geometric misalignments that require data association and sophisticated
registration techniques. Another challenge is small or weak target detection and recognition in complex backgrounds. Small
or weak targets only occupy a few pixels and are most likely submerged in background clutter, such as high sea-state wave
reflections in microwave images or dense urban textures in optical images. On the basis of challenges analysis, the main
technological approaches within the two primary application domains, which are marine and terrestrial fields, are ana-
lyzed. In the marine field, the detection and recognition of ships are of paramount importance for combating illegal activi-
ties and naval defense. Therefore, regarding the detection and recognition of ships, four key research routes are analyzed :
feature fusion methods, which involve various network architectures that extract features from each modality separately at
different network depths before fusing and are the most common method ; knowledge driven methods, which incorporate a
priori knowledge or physics models such as using microwave images to detect potential targets in all-weather conditions and
combining high-resolution optical images for fine-grained identification, using physical scattering models to regularize a
deep learning network ; fine-grained detection and recognition in complex scenes, which focus on the robust detection and
recognition of small or weak targets and arbitrarily oriented targets, especially when operating in cluttered, high-sea-state
environments; the indirect detection and recognition methods based on ship wakes, which utilize the distinctive V-shaped
wakes left by moving vessels that could be captured by both microwave and optical sensors, provide additional function for
estimating the ships’ speed and heading and is particularly valuable for detection and recognition of stealthy or low-
observable targets. In the terrestrial field, the targets concerned focus on aircrafts, vehicles and infrastructures, etc. Three
major technological avenues are discussed for land targets: feature fusion methods, which face different challenges com-
pared with that in the marine field because land clutters present a more heterogeneous background than the ocean; knowl-
edge transfer and distillation methods, which can use optical images with abundant labeled data to train a teacher network
and distill its learned knowledge to a student network that operates on microwave images or fused data. The small or weak
targets detection and recognition in complex scenes, which employ more complex datasets or more advanced method focus-

ing on the challenge of small or weak targets on land. In addition, the commonly used performance evaluation metrics and
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some public datasets available are depicted. Also, the future development trends of joint target detection and recognition

techniques with remote sensing images are prospected in the review.
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detection and recognition
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T 3 DU 7 TS 20 0 -5 91 o SR R T A B 85 H
BRI A I 5 HO 7 vk
2.1 ETHERMESHEKERNSIRAEAR

FIFHARARARAA B SR E SR I 5 3002 B
RIBTIE S 2 1Y 5 s, HoA O 2 g A R B & b il

FUR AE A 1 0 S5 Ay 7 2 0 R B B v e RS
fiE o A G, X S AR AE 3 2 AR B IR %8
J B SO K B AR B (Zhao %5, 2024) o 1E SAR
EUE b, 4 Ja M AT F R 7 A 53 2 el HURE B Bl
Fse T HbR , SRR M R B . R
W77 5 1 035 DU AT T RERE XS T 7 rh AT Lk ) AR
B S BAR BRI

BERPIZ W I L6278 5 SAR B4t
&R P15 205 1 USRS B2 T R DU 5 18001,
HI T B 5 SAR EHR UG AL 5 BG4 E AT
TE 5 25 50 AR R YR B AR A BR , iy B AL 2
AN ST 2 G0 e A 5P R e . R
YR J7 ¥ v )l P AP AT BB AN 5803 (B R 1B
85,2020) o AHILZ T RRIEGUR R B T3 253 5l KA
] 288 [R5 P AR IBOCHERHE | SR 5 7R 48— B RRAIE 25 )
T EA TR A, RE A A IR B ISR A BOL R A R
SR B AR, BB AR AR 2 2] AR A
RIS (RS, 2021) o BRIIL, anfal ZEA4RFAE
ARG F IR A SAR EMZ B4 35, Ta] st 41 il
WS FICARR S G RIS IR B AR, © Ll
VAR RIS A T ]

TREE 7 ) HARR I 5 R I HE S v R AR B &
R 5 PR3] 32 B PRI 48 YOLO TR B2 2 > o) 46 A5 780
(i

XF T bR A 55 TR, e AR RS S T 5
R HARRAE , A R A ) 26 B P AR T 02—
ANEE L, R IALE S X — B AR T —
PRl A R o BT XTI — ), B 5 (B, 2023)
$& i —Fh LT YOLOV3 #4922 RUSE ] AZ 2 AL AG0 4
(Multiscale Deformable Ship Detector, MDSD) , 7F 43
1E 4> T35 M 2% (Feature Pyramid Networks, FPN) g%
AT — A2 ROE W AR I8 1 2 ) BBk (Multiscale
Deformable Attention Module, MDAM ) ., 12 A5 Bt 38 13
ARSI AR, (01 I 2% BEA 2 25 I AR SRSz BT, DA A
ISR EE T AN ARFNRST B MR AR, 4BATEA
Ot BB 5 SAR BRI IR & B 4 Bl g,
MDAM 7| A5 1 2 2] S B 285 2 S AR o 1 H b
JUIAT 5 S5 M RFAE 207 ko i B i =X 1 X003 S Rl
Bty BRSO BRI AN W] BUR  fE i & AT
P EEr, LR E A G . SR a R R %
LR IR fE L 2 00 T RE0ME YOLOV3 4L

R T B0, Bt 1] W 28 2540 LA HEA 7 ik

© h[E KR KL AR



PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

FORFIE Rl G2 M AT A 5 R e R
Il o X Ty L B 7E RS i i A B A B, DA iR
TEGRIZ R A RE R, A C PR A T U] 7 A B
AR B — AP, BERE 2 034 2T A R R R Al Ay
FRAE, SCRE S BLES BSAR B A CE A . hER S
JEH AR 7% . Yong 55 (Yong % ,2024)
S AR R TG AR HIRUr 34
i 308 3 T A ST R P28 43l 4 O A LR N
SAR PG B REAE B8 DR 1 AT 30 REAE i B iy o S7 1
RS Pk o BES L2 R92% Y o 8] J2= 0] A
MEHEA TRl IF 0% AL S A A I 503 5 Sk PR
AT (EARTE R O AR RS H T 4505
H AR B T A5 BT 77 B85 3k (Convolutional Block
Attention Module, CBAM) , LAA5R 5 F BL2AS 1A R0URY
fEFIR . IX R EEHE TG T b1 1 RS Sk 5 2T
SRS B, J& YRR IE SR & 7Y A 2
= TEBE T AG I A 5 7 T R B Lh AR O M RE

S 2 RGBS T AL B AR A B
EUZR 5 SAR B B AE7E 09 b 35 25 5 15F 475 AT e T I
FRIEAZ HAEIRA JZALRE AT IRAG IR, Ry fEAb
FHH AL 0z A ) 4 0 SRR SRR A ],
Dong % A (Dong 55,2024 ) #2 1 OptiSAR-Net % 2% , 7
BT R g ] ASUE [ N TE R B, 5 Yong
5 SR FHTRT FRUARFAE B2 AN [) DU 3 I T 2 ) R
e P25 SRR UK L 38 5 3 ik RA% A TR LI ASEALL AN T
JRSZ T, %) 22 Bt L AT TR R AR L A
I SE B L O S A (AR SE B, A AL A 7R 3
TS I 285 i A\ 25 ] 4 o 85 i Ak R0 s TR AT LV )
(spatial shuffling attention ) fHR , #F— 203 58 Xf 22 R
J L A 9 35 57 i 3 G SAR FEIZ H B R 4 410 i g
HJ o S R WA AT 5 5 22 PG I 5 HOIA T 55 b
WAS T SRR PERE , 0 DB 22 5 R R IR SR
[F] AR AL T BT A BOR B A o
2.2 FRARFNMEESE SN SIRANEA

I FHYR BE 2% > J5 3646 SAR G b b 15 A0 A 46
D50, AR RE 5 O | i BT et A AR TE s S
DIFHSC , SR SAR T4 b 1 Bl dha A ke, o =2 FE R A%
PR A% AFLEAR T BEAE R 2R, B T i A A
Ry R B S BB R RE A R 2 ALRE 1A 2
(Zhou 55 ,2024) . 5 ILIRII} , Ol 27 18 SR EHR B A 4L
Pt R T T AR BURIAR 7 B L 3, A il D SAR B
EE 7y Rl RSEASH TN YL N e Pk S 7 )

SR PRLIE, Gne] ) R ALK Bl 18 i RS AR T 5 1R
ARG AR b A B RSB 5 MU #8 28 SAR
KI5, LR #b SAR [ G404 5 e AE 2 35 5 T A A
A, E R Y I U B T 1 . R T A
R 5P, S H AR B Y R B AR A
FEPIRIE Az a5 AR RE XS 5507 1% o

Az 07 B AR R R D7 v dl e AR s Ay
W2k BUREE A5 R 25 SAR G, INTTT B 424 78 SAR
ISR G5 , R B BRI ROR 7 2 AT
55 IR T A e PR AR SRR R e A
T (Chen 55, 2019) e fi I A iU SAR 18] 1R 2= 5
AR (Lin 55, 2021) 55 s FRAEXS 75 05 7%, B RR &R F i
JO7 75 1%, AR TR B IO 2% 1Y) o 4R R AIE 25 (] vh R
EUZR 5 SAR EUGRHAE 9 B 25 A Aar 0 25 e 6% 2% ~] 31|
BOSAEFIERR o

Az T ¥ 02 I X SAR EIHGARE AS 7 it 1) i L
BB 2 — o BTRAF (LRAE, 2024) 48 Hh — P 2R h
UMV HE L A DA A E AR AGIN (), 1 HESE S
H1 LT 1 26 1) DG 27 8 AR IR AT SAR 1815
FEAE AR AR TEASEADLIE 5, 71 PR IR AR gt — 283
SRR ARSI ] 26 . AR AR RS h Sl 5 A IR —
BE OB R A9 AR XS R A e ok 7 o £
FR A S5 G B N S TE R b A5 ADRER o 1Z07RIE R A
PG HE 2P — S fE AR IR, A O SAR KR B A
Ji WA AN AE |, DA SAR BRI 1 FRAE 43 A1 s 02
FRAE I SRR O, i A AR R 23 ] R 2y
G5 A U SAR EIGI E 2 A2 i) Rk RS
BT HLSCSAR MR . R 7 A B S D A
S SAR EURARIEREA B BL T 07 kAT RE Gl i A=
JG e o AR I 2 B T E R A AR Y 32 AL RE
Az Tk o 7 AR AR BT AR A B 23 R AT AG: D
PUNB AL R . A, JR e 5 8001 T M 46 45
5K R B2 T — A A A B B
Z5H) —FE . Wu % (Wu %5, 2024) £ 1 CDA-GAN
55 Y, 2R R AE A 6T BT ) 2% (Generative Adver-
sarial Network , GAN) JEfili -, >R FH 55 35 4 2 0 #IL )
(Cross Domain Attention, CDA)F] fEHIE: SAR K14 1)
SR R B St 22 01 2 R B 5 AR A8 8 L, DT S
DR AR 0 LA B854 o [F]B, I8 A3 o 55 3 22 R
JERHE RS 5225 100 1 38 42 R {5 B — B 4 ]
TR IR, By CDA-GAN Az U i o fE A
ARYINZR ARG I35 , 76 LS SAR BHE 3R AR

© h[E KR KL AR



ok, WA, BRET, TR, LM, BiF
Wik 5 5E R E GRS B 5IR 5K AR R R

H AR RE L ™ 2 1 A PR A B 6 R P FS 2K
SR SCHERZ N

R X 5 D7 AP TR T IO 24 1 e A R A 2 ] o
M LA [ s A ARSI IR R . X207 AN B
i, MR P62z R 5 SAR BHRTE B 4R fiE2s ]
HARR R, (ARG 5 TR 90 2% BE A% 2 ) B SRS TE
KA SRR AE | TR A6 R E R4S 1A
W55 TE5 HE ) B 42 7% 31 SAR R B, #8005
SRR A HEAT 00 55, LA GAN Y 2R
(Il BRe 2 (PR 55, 2024) 2 H — Fh 3 8 5 4
D3 T ol B AR A P8 03 i A IR T RAR £
T AHALE S T E B A i R B BUR R AH
AL I e HARAIUIR R 73 D SAR G R,
2830 5 R P SAR IR . 1% T B 2R X Bt
N5, BRI 7RI R s A S NS 127 , Ry Je SR 2
RRIEXS 4Rt T REFE S . 00— R RE TERS
AEJZ 9092 RS XS 55, Jl 3 5 | A5 A 4 B W] — H b
TEG27 BB S SAR EIRH AL i 4ERAAIE , [R] 4258
BT o AT AR H 5 (faHE H 45, 2024) 2 HE Y
MCMA-Net B3 1 M\ Jmy 5 42 Jmy 21 52451 28 501 1) 22 G
B8 45 25 X% 5% (Multi-level Modality Alignment, MLMA )
B B AR/ VRS TR 22 57 0 [N 107 R 5|
TG BORN 42 Ja 1 38 0 W R AR S8 AL, ffiASE Y
REAS T 5 JH DG AN A 2 (5 8 o 207 kil A
AL I3 2 OB RFE XS 55 SRS, A R i T U AN
FRIERY 2] ST T BOBUTE BS A2 5 T A dd vt o
FESEBRI Y, B FFR T SAR B FEAR TR A IR,
B OGS R FRAE 5 /0 & SAR EURFRRAIE B 4%
XI55, w5 I AR AR . BEXNZ R, Zhou 55
(Zhou 55,2024 ) & Hy —Ffr AT 1] 2B A 37 35 1 ol 37
754 OS-DAFSD, Jolf e 2L , FF = 200 5% o %0514
& — 6 2= 48 3] SAR 3 (optical domain to SAR
domain, OSD) 1 &5 3 £ oR i, DL o 4 1 P AL B5 B2
FEAEARARUME , [SORF I 6 4 0% 8 A G PR a2 IR 74
F/b i SAR BIMBAEA BEATIR G U 2R o 1205 il i
F BN IR AR DI IR , A ROk e TS TEAR D i
SAR FMEHEA S TSI 1 R R FIUE RS
2.3 EEBETHERASKRNSIRANEAR

TV P05 1 SRR PR 1) B A 5 RO 55
BARIVERE W 2 B R e st TR E R, B2
T TSR B AR (R s T B S5 b ) , 70 v R
5 SR 0AE BARIR G , S ORI 25 R b i K i

JEEERRAL . A B AR -5 1A EE e A R
TGS 275 5 09 T4, AEUL AR SR T I 22 3347 AR
B, B, 55/ BARRRIE R R ISR . R T AU
FRB I AR 22, BB s AE 7 K& /N H
b, FRRIEAR S5 , 76 DR BE P 28 I 2% 1) TR SR A
Wl By R (R, 2023) . Hik, HERE SR A
FERA T 29400 S PN MERE . U B AR R AT T )
A ALK HOEAEME LU & LSS 8, 5] A
U S RENIER S 55 YA = S Wt € v
A B BRI TR R, AR | R i i
(Y48 20 AR T, 0 2 e 5% A A 13 F SAR BIR bk
T, A v B HABIRE ), 12y 1 e 9K 3 )y 2k i 4
J7 o Een, s S TE B OB 52 i 22 5 U W) AKCRE -
52 2%T5 50 T SR B ] B 23 2K e B 5 1 s S R P45
AH TR BR A R R DGR, DA 17T 552 M) 35K T 5 130 7
HERRE

B X} 18 IR 5 b 55/ HFRRHIE LSS 5 25 5k —
MERT, WF5E 3 NI E8 S5 AT, TR e 3 s /NEH AR
07 B SRR AR BRI R R . X T IRAERRIE
PERCRRLA 2 B B, U 5 S R Bt s/ E
bR R AEAR B 7E 2 RO A2 45 b 45 DL R B8 A5 Ak
Wang %5 (Wang 55, 2025b) $& th B9 07 B 5| T 8 83z
B 2% (PG-DRFNet) AR TAEZ — . ZMLSTE
YR B A A 55 /0N BbR ) B SE A 85 B AR il G4
fEEHET, 5 F MBI )ZHOCHES /N BiRX
B, B 1k HARRRIEAS B0 Rk o FEHERRFY B 3l 2
SYECTHEE R, SR AT H bR X8, ko X)) R JE %
T RITUATHE . PG-DRFNet 76624 {2 AT SAR &
& AT T 55/ B ARA i %) £ 122 (precision ) F1A¢
% (recall) , R BHARFF TR R HEFR T, O E 4235
s R85/ B AR BRI S U R T R

FEXTHILAT E AR 0] Z AR A8, Zhu 55 (Zha 55,
2025) £ T B0 28 RUBERRAE 38 5 10 55 W B
[ia] FL A 0 ) 28 ( DSEN et) , AN {8 FH 7K ~F-HEAR 33 B AT
SR e A BE T e H ARG . DSENet 2R X 73 3 4%
A W oy S i L AR 4 [ 322 2] B AR ) 5 55
B A3 SN ZE G ACTRERRTE 5 1 B A 2R B AE AR
BEFE R ZE IR o ZM GBI T L T TS B R
AiE 3 5 AR I CircumSloU $51 2% pREY , UL T+ 2 RUE
H s B35 NV BE 7, I 78559 B A R AR eI 2, 5K
55 2% W, DSENet 7/ FH 7K P AE bR I 115 &0 F L 4%
AL 2 5 B B Y BT B bR T HER 1, R
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AR b B 7 S SR 55 $ AL T T AT A%

B X B i s 1 19 R BUAR [R) A8, Huang % (Huang
85,2025 )44 76 W B il i REAR 5 1A 5[] H BRS04
55 PR TR R 5 S5 BT RS A A R AG I
B ZA DR TN AT AR D' R ST 4% 3
TChR Y SAR BRI, R FHBUZ T ALE . fER R
G, A KRG AR A AL SE T ¢ v ) AR
AT T S S 5 TR ST, AR B A A A U R
fiE, 38 3k 27 > SO AR R 4 TS RS B RE ) L %07
TR ST MO G R SAR BHR T AR TE T #
], BEAI T SAR H s A £ 152 T T4 o

B 0T I 2% 2 TE P RO [ AT, O 1 e H B
TE 5 R R R AF T2 G007 5w B8 I B8 1E B DG
[e] PRI v o B s A i 22 1) ) — B P90 B R 22
ol PR SR IR AG I 5 RN 5 v o oK AR (K R A
2024 )4 H BE T R I8 2R 0 DR R A 7 v 4R
VL P [ R A g JR AR R TR 207 R0 A0 A6
BLfilt b, ARG — AR ASIRE S rhos 7R JS — I AH 57 5T
PR b4 e SR B E 11, 1) FH At 3 M A 2 BB
S bR, I Al A R S B G AR B b e A
M, AREETE T SR B EA RS A AR A A
DES A
2.4 ETRETHEZESEN SRR

SRR A F B RORFAEJEA T AT 5 1R
S AN TR] e a3 B AR R LAY R A T T A ) R
PEAT ARSI 5 U — Fh Rl BT ¥ . Rl L
FRPRA B R AT 2, T4 SE K08 HL(Li 45, 2021) , 15 AL
fi i o J5 AT B FR AL — B 18] (Ding 45, 2022) , i H A
WA YOI APREFAE . UM ATA T ISHE i AY 2
TR T i T AR B 1T SAR RE SR I 21 1 Fod
B 8L o X ZETT R MR A T RE S A SR
DU 6 PR RS sk /N | 32 ek P e 28k I B B T T X
DABE B A I S5 U A HAs . tesh, B3l i JLATIE
ARFP R EZE S T RIS SRR B Biln, 2
TR VIR S K] H TR R A B AR AT
AT (Zilman %5 ,2004) , SAR FME AR (4 5 B2 38
Z B 7 LA BB W] T AG B PR, R A
A AT AR AT B A7 S ik T AR LS B A 3
ASTE T, 0 M TR A O 22 2 A TR G AT B B B
i B 3R R 48 (Automatic Identification System,
ALS) 9 AR B A 55 U5 BAT S 40 (B (Zhang 55,
2024) . IR, TR YT AR AE R BRAE < {0

FHTUAT B AR, %l L 1 AR DU S B8 A T

FUR AR 0 A A, 28 5 T DA% e RS A B vk 3]
PARTRE 2 2] 7 ik i A8 o FUABIFSY 32 B R 30
LRAERFAE B R R AR A5 5 B 2 P R AR AG I [+
RO Al DAy 7 4 Sl DS (A R IR, SR L aX Sy i
TERE IR0 R, US4 55 AR E:
W] BER BN LM RHE , S EUR B R . BE R
JEE 2% 2] (1 24 , R-CNN F1YOLO %5 4580 b, 4% 5 A AR
ARRIBATI . Mazzeo %5 (Mazzeo 55, 2024a) % |
TR R AR AT S R A I 1Y)y vE AT T 4R
R, Mazzeo 55 (Mazzeo 55 ,2024b) it 35 T UEIKAP
HUH L IZH B0 T I RO S SAR B4 b ik
TR W RBIE A RS . 1200 H Iyl G
TS (XU XU 45 ), S T B 5 3 5 v
FRUCH DX BE T, ST AR AL 00 ) A A A A P
Cristofano %5 ( Cristofano 45 , 2025) | £ UEIKAP i H
MIREZRT , i — 20 s 1 N 2 I8k o A 2145 2.
ISR F R AR I T 2RI R I 54U
TESR TS SR RE ) J7 T 1 LRV T

3 WiRSXFEREGMEERSE
At it BBk A A SR A B AR

H i bl b, 5 A5 -5 EERIR I G A 5 PR 50 A F
G B TP R L AL, DL
O T e A A Ut A A U

(A AR AR A H BRI A A 5 P00 5 vk R HR R
A5, TN AN D T A i b E B S R R I
A 55 R 5 % o
3.1 ETHERMASHESKENSIRAREAR

il b1 E 5 R it B 5 R 5 R R
TEZ A R [FAF —FeAl HLE ) A H R B8 A

BT RHIE RS BIEG A 55 P50 A — A ) I
TN 2 ORAIE PR BE A [ ), P68 Fil 5 SR 179 592 0 2 2
J# . Rane %5 (Rane 55 ,2025) # i — 45 S S MLEY
222 =B BEHESE , 1T SAR BI& 56 R A
TCHLRIN . ZAE SR S PO R SR UL 5 2
PR R AL AE R B AR AR 09 I ) 6 B2 By 1A A B
Jry TR S R Jay EB AR 2 DA B SRR SR T RRAE o (]
I, A SAR [R5 Hh B2 B B O 5 S0 S, L4
SER B 3 A RIS A R A X R [ AN [ B 1Y
SRR RS G LG — e 4R 1] 5, 26 APL a2
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ok, WA, BRET, TR, LM, BiF
Wik 5 5E R E GRS B 5IR 5K AR R R

Oy RERIEATINLRAREI . AT  W 25 4 28w
SR PS8 W 4 B 00 26 U0, P51 SAR
BAFE A TER A BN SR AN ], 25 R R B R
KB 2% BITR B 2 ) W45 R AE SR A 473 T o
TSI AT S

FRAE G A AR 5 TR 14 575 — T RS2 {3kt 47
SAR & A WA TBE T3, ik, Li 5 (Li 4%,
2024) R —FP AN 51 S Z IR A A M4, %5 RIE
S XoF A RS 2 A R I T A () S5 A B i S AR B T D
eGSR “f5 B e e B R Al A SAR S (5 B
RV T — AR AR AR A RS R AR
S PN IR B 25 S A A R DA
G 45 X SRECH RN A SR AN 2 FERE . AEARAE
A BB, A7 E B R sh A 51 A 8] TR R )RR
AR, 7GR MR AT F2 5 X8, BRI SAR &%
FRAEACEE , LA R SAR S AR T BEA0 41 78
e ER S BB (A0 = 255 st i 1 2 = A IX
I8, DU T SAR BSR4 AEA R, LA 78 20 1 FH o4 R
B4 BARBUR DL e X AR 35 N A @l A AL 2 48
TH TR 2215 50 F HARIRI T BE

PR S R[] J2 WK A RRAE LA A ) B AMA B, B —
2R A A T RETCTE 045 i 2 S B T .
NI, AR (A 2025) HR H — P T R R
FRIE S PR ) = A 2 G 22 )2 G A U A
A AR R G L R i B 46 X6 SAR [EMR
G2 ER AT R AD Rl W5 T HARSO 5IE A
SERFIE R BN, A AR B R RS B B il
PR . BES 3 IRAR 3 Gl USR5 R AR 1 SAR &
1% S RS IL R AR ARSI 2% . FEHRRAE 9% , 38
1o Jed R 4 JRy R R A ML, S B 22 RS R AIF %
G AR G HAr e RiE UE B . Wn 7Rk
SR, e N [ A T I A (ARG T 4 R, R T Bl
2 AT HO A E 5 B 5 Al O gk A A 2 1 B
B B R SR e A I B AR . X R Z
AN B 20 X, P e 2 U SR A s il A AE S
T O BR B B O 45 B e R ) o B 1 A 30U
B BRI R SR Ak, T3R5 B 15 R 5 e %
g ARG 5 TR 25 5
3.2 EFMIREIRSRBHERSKELNEIRS
BAR

i b 5 b5 3 4 it B4 396 ARG 55 R0 Hh R
PRI 7 kB 7 Az a0y i RVRRAE X 55 7 1

i — ARz T

Az DT A AT 3 i AR BB 2 8]
RN SAR U LA B VI ZREEAS , o n] LKE SAR
PG B 45 o T oy LA 10 O 2 IR P — 2 b 3
Park 25 (Park 45, 2025) £ X 4% 55 A5 80040 19 2% 78
SAR EUG B2 MR BHEAT 55 Th A AE B AR U R AR
B A0 2% X LA B OR MU 22 R A K8 4 Y [7)
B — AT A e S A HESE o LA AR R
FH 22 RUBE AL 06 78 46 2 A, 32l L ot 70 46 2%
Qb 3R AR AR I, LD B AR B 30 AR SR
B TER)Z AL PRATCR AR AE 15T, Ui 3 5 A0 o Fl s
it SCo DTS AR TR DA O 2 PR Ao 2 WL B
SITOANTT o SR SRSk A PGSR 1) R, 3205 1255
R BRI, 38 0o — AR B R P B BN 25
I B e JLAT 21 (Visual Geometry Group, VGG ) P 4%
TERFIEZS ) B A2 iR 5 LSO MR I BE
R REAS 2% ] IR BN OC R o Park 5 N7
2 AR Se it (BT T ORISR 114 2 S5 TEC X K08
B S G P B 1 5 L Lee 25 (Lee 25, 2023) B2 4
42— 1 SAR BIR A ik 001627 [R5 F A7
H AR R g J5 58, e A SAR BIME 1 BEAT H ARk
DU, P A0 21 19 SAR [EIE H bR X S8 05 RE 80O
PG A R  ER T BARR .
TR OG A KR RBAE A R I M S 3G 50 45 74 4
L, BT LA AT HAR U, Hoh SAR {5 3 U
J62E MG I R DL H bR 3D BT A SE Atk A FH i i i
BEIRE U-net /L0, X — 7 N E B BRI S RS
PURIRAE T4 A Bl A L %

FROEXT 5528 73, Luo 55 (Luo 55,2024 ) #2114
SAR-CDSS HEZL JE B T 2 G AL 1 )22 S8 I SR W o 1%
HE R AE R0 2 T >R P TR 6 1 o SR, BEAILKE e
FR A SAR R Hedf 452 (RlG 2B f & PR SE 2
SO s, PR A AR SAR B A5 S5 0K G 215t
E Lol N R N (12 BN S (T T s R ]
PR 22 8] ) v TR S dl | DA TR 8 (A 3 1 i 9 B
oo TERAEJZ T ZHEZR S LA B 38 NSRS, XA
[V A5 A X B0 A5, I 285 6 008 AR 40 28R A R AT
P MU AR T HC 4 Jy SR sZ A IR 5 PRI 19 52 %
fiEo BTX SAR &b B AR RUBE /NSRS £, SR A
T A R R g A A I Sk A TN B bR A0 E L
KGR o 2 AR 7R EUR S BARRAE = AN = Sk
PEAR/NEZE S | O A B i A T 5 R AL T AR

11

© h[E KR KL AR



12

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

G5 RS AN o T %

IR ZE18 (Hinton 25, 2015) W M f0% 5 6 2¢ 1%
JRR PGB G A 5 PR R T A A LB . SRR IR
T3 1538 2o — A7 2 AR A5 20 8 R TR 0T P 285
KeFg F— MR E A W4 TE SAR BIMR Lt AT
2], H Chen%:(ChenZE,2017 )W AR 7= 1B B b
FAE) H bR AT 55 Lok, R R Fn R 28 i A il 5 142 51
HARA TAEZH 2 . AR ZE 5 e b e i H AR
55 Aty Uit 1 ARG 5 U A P g L RS B
B OGA R E S SAR B Ab . Li % (L%,
2025) £ %5 BAT FR 28 18 7 R N TG B An R
PRI S T T I 9 = K (m) A SAR EMGAH T 5 T4k
FRAE R F 2RI I AR B = X S AR IX I SR AR A
B2 R FE ML B BORAR, 48 R g Au TRz
T HEZE FED-CHDistill o Ay i D AH T BE TP (] 2, 2%
A L3 b A8 e 1 i AT R P B 1 N i AR B 43 i SAR
AL, 73 BRI A5 M A5 2.5 WL 5 SO T3 5 S fie
P DI R AR R, 5 | A A Ao ASE e i i v SC i H
o DX IR T 5 Ay i A 2 55 R AL, SR FH 5 3 2% 088
TR, 515 55 7 15 AT FH =7 A TR 4% A T S A5 280 i T
2R Sk AN [, 15 Sk ZR0RHE 55 0T et SAR RIS A2
it O 285 110 D2 A Sk R AT TR0 , o SAR FRAEAE G2
HESR PN 2R 3K 5 X0 5, A 8508 il il . Li 8 A
TAEAREE T ) IR 288 RS i Ak & e, (0 =R
AT L]

FE AT LR B 0 B A S R s b IR B
Tl PR ASS AR JB 0T S KA B A | 3R AR S AT (A
WS RIERE . X REHEERA TR R RIT LT
LR BEAN AL B AN U IRER 1) SRR o Yue 55
(Yue 55, 2025) # H — A X )RR E 2518 5 15 B B 4D
A I 24, 3 3 0L ] R R AR 22 AL, B SAR F
TEAT BRI 1 A2 03 S LIS i R P 45 B 2 4
FERE I, [ B G2 R SO B 518 S B A SAR
Gy X VR T ILRAE B i . AEAR B aC A I %07
S NS = B VA |51 B WG ) 2 R A G| oA S
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