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Abstract: With the rapid development of earth observation technology, rapid and accurate detection and recognition of spe-
cific targets from massive remote sensing images have become critical tasks in environmental monitoring, disaster assess-
ment, national defense security, and other related fields. Optical images and microwave images are the most common types

of remote sensing images. The joint target detection and recognition utilizing optical and microwave images can have
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complementary advantages and effectively overcome the limitations of obtaining target information from a single type of sen-
sor. It has important theoretical value and promising application prospects in breaking through the performance bottleneck
of single-type remote sensing and improving the interpretation ability for targets in complex environments. The work pro-
vides a review of the progress of research on joint target detection and recognition utilizing microwave and optical remote
sensing images. First, the characteristics of the two types of remote sensing images and the common processing procedures
are described. Early approaches are usually characterized by a multistage process involving feature engineering and fusion
at the feature or decision level by using classifiers, such as support vector machines. With the widespread application of
deep learning in various fields, end-to-end intelligent interpretation dominated by deep learning paradigms are now widely
adopted in joint target detection and recognition. The rise of convolutional neural networks has revolutionized the field.
These models can learn hierarchical and discriminative feature representations automatically from raw pixel data. Despite
the notable strides brought by deep learning, the joint interpretation of microwave and optical remote sensing images
remains a formidable challenge. Second, a thorough analysis of the main challenges currently faced in this field is con-
ducted. The foremost issue is the discrepancy in imaging mechanisms and subsequent feature representations and the het-
erogeneous modality gap. Sensors for optical images usually record the sunlight reflected by objects on land and sea sur-
faces. Microwave images include active and passive microwave remote sensing images. Active microwave remote sensing
images are usually obtained by synthetic aperture radar, which captures the backscatter in the microwave band of objects on
land and sea surfaces, and passive microwave remote sensing images reflect the microwave radiation of objects. A target
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 and microwave images that can be used for training model. The
number of datasets for optical images is larger than that for microwave images, and the resolution of optical image datasets
is usually higher than that of microwave image datasets. The scarcity of high-quality, large-scale, pixel-to-pixel co-
registered, and accurate annotated datasets for multimodal training is a difficult issue for joint target detection and recogni-
tion. Furthermore, the spatiotemporal asynchrony poses a substantial practical barrier. Microwave and optical remote sens-
ing images are rarely acquired simultaneously or from the same viewpoint, leading 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 occupy only a
few pixels and are likely to be submerged in background clutter, such as high sea-state wave reflections in microwave
images or dense urban textures in optical images. The main technological approaches in two primary application domains,
namely, marine and terrestrial fields, are analyzed through an assessment of challenges. In the marine field, the detection
and recognition of ships are crucial for combating illegal activities and for naval defense. For 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 highly common ; knowledge
driven methods, which incorporate a priori knowledge or physics models, such as using microwave images to detect poten-
tial targets in all-weather conditions and combining high-resolution optical images for fine-grained identification, and using
physical scattering models to regularize a deep learning network ; fine-grained detection and recognition methods for com-
plex 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; and indirect detection and recognition methods on the
basis of ship wakes, which utilize the distinctive V-shaped wakes left by moving vessels that can be captured by microwave
and optical sensors, provide an additional function for estimating ships’ speed and heading, and are particularly valuable
for the detection and recognition of stealthy or low-observable targets. In the terrestrial field, the targets of concern focus on
aircrafts, vehicles and infrastructures, etc. Three major technological avenues are discussed for land targets. The first one
relates to feature fusion methods, which face different challenges compared with those in the marine field because land clut-
ters present a more heterogeneous background than the ocean. The second avenue is knowledge transfer and distillation
methods, which can use optical images with abundant labeled data to train a teacher network and distill its learned knowl-
edge to a student network that operates on microwave images or fused data. The third avenue is small or weak target detec-

tion and recognition in complex scenes, which employ more complex datasets or more advanced methods focusing on the
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challenge of small or weak targets on land. In addition, commonly used performance evaluation metrics and some public

datasets available are presented. The future development trends of joint target detection and recognition techniques with

remote sensing images are also prospected in the review.
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Fig. 1 The general processing procedure of the joint target

detection and recognition
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BT LA B 2 TR BE 2 > 03 o155 0 vk GRRH B
55,2024) o X T SAR FG ER 23 n] 0 LBy
HAE T % A FH RE T 0 Sh S AL Y SAR K15
GyE 2 (RS AR T, 2010) .

T E LA H AR B A 55 TR0 i — Sl Ry 22 Ak A
TALAT LI AR A AR A F B A AFAE HEA T 1 A0
S5, 30w LA TSR A A0 A T Y R 38 4[] 22 A )
53U

FR A HARIBE S R I 5 U0 05 2 R R AL R
T3 44> J7 T A 3300 5 00 i I R R T A g H
BRI A I 5 HO 7 vk
2.1 ETHIRMSHNEEHEN SRR

LA AR A B B RRIE A RS e I 5 R 2 B
FIRFFE T 2 0y 5 i, oAz 2 A IR R0 B b il
FUR A MR 19 B 0 3R 235 40 7 A ) P 0 L O RS R
ik, 7RG EUER X SERRAE 2N AR R AR5
JE B LU K AR B (Zhao 55 ,2024) o fE SAR
PG, <5 M AT H R I8 ™ A B B ) IR L Tk
i se T H bR, AR T SR R R . R

D75 125 08 Sl 35 D0 A AE T RERE X LA T v R L %0 AR
S IAT AR

BERPIZRITIER O EE S SAR KR 2
P& R P15 203 B EHR S PR A 5 TR0
HT T L2 B 5 SAR R SUSHL I 5 SRR E A
TE & 22 5 R R A AR AT R iy HL AR B
AN BT 2B 0 Sk I 5 U O RERE . RRIZ
YR J7 ¥ v ) i AP AT RE R AN 5803 (B R 1
M ,2020) . AHECZTR  RHAEGUZE W 7543 5
AN [ 28 PR S BOCBEARFAE | SR S TESE — M ARAIE
25 (B P AT R A AL B, RE S TR LR B LR 15 R AR Y
(I, SEBUE B LA, B35 M LATR E 7 ) AR
AIROR B K R (R 457, 2021) o R, Gife]
TERHE AT A B 027 UG FT SAR EHR R IL 3, [7]
0 R P R TC AR £ B TR B A 5 RO AR
C Ay T BEARE WIS Y B R 7 1)

GRIEZ 2 2] HARK DN 5 PUNREZE b R AR SRR &
R 5 PR3 32 B R 48 YOLO TR JiE 27 2] W) 246 A5 7l i
1710

XF T E ARSI 55 PR G (s ASE Y [ 3 1 i
K FARRFAE , I A7 28 i AN [F) 28 28 R 02—
ANEERE, TERE L X — HARR T —
il B R A L o BE XX — R, BT (2023) $2 4
— BB T YOLOV3 1y 22 RUJE Al A2 JE R A6 D0 45
(multiscale deformable ship detector, MDSD) , 7£ ¢ 1E
4 T W 2% (feature pyramid network , FPN) FfH A T
— A2 RUEE AT 22 I 1 2 J7 B3 (multiscale deform-
able attention module, MDAM) . Z M5B o o] A8 B
B0 25 RE 6% 2 A5 R A 2 BB, AT 19 38 7 2R £
TAFFERFIR B Az . SRR 40 5
KI5 5 SAR EIHE R & B 4 EIITZRIS, MDAM 5]
SRR o BB S 22 S R AS B H AR LA 5 45
FRHE , 1205 1 0 s B i 2 U3 SR 4544, B
] e AR A 2 AN R RS, A 25 A [R]
LI AR o SEER SRR T IR AR
PERE L W 25 0T 5EE YOLOV3 B4R

TR0, B 1T M 28 4540 LLtEA T i
FURFAE Rl25 2 25 BB 5 Az DN -5 U001 o B D SRR AR
], XS5 B A RS 0 b A5 M5 S S L, DA T
TEIRZ R AR TR, HAZ O B T Ul A 1
R B — AP, BRRE TS 45 > AN ) LR i AT
FHE, SCRESEBLBS B AR B A e Ab . RS
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S — P LAY PR TT 58 . Wang 55 A (2024) $2 1
AL S e S At 10 o R AL TRy S 454
T I P ST Y T 26 23 SR OG22 EHR FTSAR
PG b B R AE B0 DR 1 TS0 ARAE S S A 2 <7 A
AR e FEIS 70 P28 100 v [a] J2 2006 P AN FEAE
TR, F3% A2 A RS 25088 5 Sk & itk — 2D Ak
M EREERE 2R G T T A S AR
BT A A 7 B (convolutional block atten-
tion module, CBAM) , DA${ 58 25 [ B 1947 BURFIE 2
Ko IR T R AR S 1 ) RS A
BAF R H YRR A & 1) F iRz — 78
i TG DN YR A 3 T R B AL AR A ) P RE
SRR S T AL BTN B
EHZR 5 SAR B B A7 7E 09 i 25 22 5 6F 475 AT BE T I
FRIESE BEAETRA GZALRE T A BRI MR, Sy fEAb
FI A 0948 0z A ) 4 ) M SRR SRR A ]
Dong %5 A (2024) # i} OptiSAR-Net % % |, 75 15+ ¥
e AU [ 3 N R . 5 Wang 55 A
(2024) % 7 ] B RFAE DF A ], XUE 13 365 0 v )
BT W 268 LR Z L i 3 o3 i KA A R LAY
AN [)E2 5B, I 0F 22 Bt 1 AT T R 0 AL
EE NN 1521 SN S T 11 I 1 2 B
SR TE S5 P90 245 i A 25 TR 4 - B b AR AN 2 (B 4T RLE
71 (spatial shuffling attention ) fi 3 | i — 25 4% 5 %) Z
JRUBE H b 38 R 8 3 R SAR 145 r g 75 1 40 il
AEJ) . SEERERH A R I RS A I S U 55
HRAS TR PERE , R DRSS 25 5 R B  JRK
R E A R REOR AR
2.2 FNARZNMEESE SN SIRANEA
IR BE 27 > 7 646 SAR FEMG o b 47 A A A
D50, AR RE 5 MU | i T et AR TE B S %
PIAH G, SR SAR EIGAR T 8080 7 Bk, i =z H i
PLEEAE 2% AAAEAR T 555 K R, 2 T/ e Al
GRS 7 A BERITEAEPERE A R Iz Ak e T A 2
(Zhou % ,2024) . 5 M [RlH , 't 2 3 JRR 15 HLA %K
i K o TARBURBR 3 UL 3, il e SAR K4
H A -5 P50 BT I AR A B = [t 1 Y
S BRI, G far A AR R Sl 1) B AR S A R
AR B2 ER D RSB T 2 SAR
B4, LRk SAR SR B 5 e ik 26 3K 07 T 0 A
A BB Y IZ U RS T 1 . R T
R 55 R0, 24 i R P S Y R R B AR 3 B4

FEPIRIE Az a5 AR E XS 5507 1% o

Az T AR R B T 45, 8 i AR A 1Y
W62 MR S48 R 25 SAR B, AT ELHE 78 SAR
INZREt Al , USR] R R FOR E 2 LS AT
Eoa il C S P A 6 IR 7 (L S A o 5 e el = T TR
T (Chen 45, 2019) £ A P AR B S 1A P LA L PR 5
Z A (Lin 25, 2021) 45 3 RRAE XS 5707 1 , AR 4T
F A I 2 HAE TR 90 445 (14 o 4 SRR AE 235 1] o opr 3T
2 B 5 SAR BUSRRIE (4 E 2, (A6 I 25 fiE 1% 2%
A BIBIEAE YR ER IR o

Az 1T 02 I X SAR PEIMGRE A H e 114 55 1L
Pl — . ZRAE N (2024) $2 1 —Fh A R
TEREHE LR DI E B AG I ()8, S HE SRS e il
L% 0 2% ) DG 27 IR A2 BUEAT SAR FUSRRAIE Y
AR TEASEARL IR , 50 P A UL P 1 0k — 251 R
R 2% FERMPE i 5 AR — 2R )
X P AR 2 AR BE X G 0 e ik R e DR AU A 45
KN TR PR LUR SR . 5B 5 AWIIOE
SRR D ESERUR B O SAR UGS A S KRS A
A, AR SE SAR UG A R AE 23 A 5 2) R AIE 301 5 Tk
SRR, 38 5 A AR 25 [ P L e G 7 R S AR
SAR PRI A0 HE S, ol A1 ol 1) 39 PRI B B 3 L 52
SAR [EI{5 . BIfi7E BeAT sl {7 A i 35 SAR &
FEREARRYEOLT %07 AT R 1 3 A i ey BT i AR AR
B EVT BAR IR vz A Re T o ARk
A7 AR AR R A AR S T 2 AR ARSI 5 PR AR 7Y g
AE. MU, JESEWT SRS T N 28 45 44 55 450 2% pR ER
J2 T — 2D DA A IO AS () LS 5 A5 — B
Wu 55 A (2024) #2 i CDA-GAN B 12508 75 £ B
Xt W 2% (generative adversarial network , GAN) J&fitl
b, RS E & S HLH (cross domain attention
CDA) B BEHLHF SAR [R5 B e P e S 2027 14
G 5 AR 0 8T L, DA TATAS B0 CR 45 A 1) T Ao 4544
() ), A TR 3 o B 0 22 ROBE AR AIE Rl 5 5 B 5 R
W4 R R B — B T R . SRR,
H1 CDA-GAN A= A 5 ot s AR AS I ZR  AG I % , 76 L
¢ SAR EME BRI S OLR B AR IPERE L BT
A IR AR I 6 SR B 3R 1) SRR )

RS 55 775 0 A DR TR B8 T 248 A e AR A I 25 ] e
KE L [5] I LA P ARSZS A IR) R, X 2RO G U
i, MRPLIT G2 EIR S SAR BURAE i R fiE 25 1]
HRA B ARSI U I 2% RE A 5 ) B S AR AR TE



$31% /5 68 /2026 £6 A

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

SR B TSR , A TDRE 7 27 R AR Y A6
55 R BE ) BT RS ) SAR BRI, B BF 5T
S TE Ry A S BEAT U6 5, AMLEE GAN YIIZR AR E
AR TR) A AR 5 N (2024) 48 H — A s e 46 07 12
LT L AR s PRI I3 ik g A1 W 1 FAR 2335, AR
715 5 T AR B O, S B D27 ER B A L3
R e AR i 1% Ry SAR [RGBy 543 , -4
AR P SAR TEIMR o %75 150w A Xl 4k,
BIVAT RS R G RS RS I RS, O i S IR 2 A
XS T RAFR A S —RITERE TR
PSL PSR S , i 51 A PR R — H ARG
AR5 SAR PG A B AR B e 4ERFAIE 18] 4258 iR
WIERS . T H A8 (2024) $2 7 885 T R
T8 2 Jr ) S0 % 01 B9 22 GRS 5 (multi-level
modality alignment, MLMA) 3 | 3% 2 45 /NEE 2 [A]
fEZE 5. [FII, 3207 W 5 A JE T AR 42 R 1
IR AESE AL , (A 7Y E A% B 5 B OC 1A 7]
JEHBIE R ZInkE R AL o RO R IR X
FEARME AR T SRR R A T BT T
RAEBS RS Y5 P AR e . AESEBr R o, T
PRTE SAR EUSFEATELEA PR, 420 1 1l P 1R
fit 5 /04 SAR MR E BLEEXT 5% , B 5 B AT RS
R EF XTI, Zhou 5 N (2024) £ Hi —Fif T 5]
DR B 55 1 S8 1V 7 ¥ (optical and SAR images
domain-adaptive few-shot single shot multibox detector
algorithm , OS-DAFSD) , 5 4 i i & , 1 &= 2506 5%
27 A — 3k 2] SAR 3 (optical domain to
SAR domain, OSD ) 1 £ J&2 45k bR 5, LA B 4 T -4l 5
BRSRF AR AL , SR 0 18 H 9 s AR OGP G 2 B R
THEM A SAR SRR RATI G ISR, %k
o 3 By A DG IR IR A S0k S RS TR
DB SAR SR AR 25 R AT S B T v A% TR
%,
2.3 EFRGETHEARNSIRAER

TR PRI R A R ) F R A I 5 R BT 55
BRPERE R Z B E T S TIN ™=, B2,
55 M SR A B HE DB A ), AL AR
B 5 SRR BRI, T SO I A5 R P B
HE BRI A o 6E HARA I S5 - A7 B el e P e
IR 15 51 T, (E L AR T i 22 5 A A
MBS, 8/ B R ER R RS o il TR
PRES I A 2, PG P i A7 A R/ R H

i HORPIEAR 005 L TR BE A 28 285 T SRR i
ik o £k (G2 45,2023) . HOR, HiRE Sk
KO 20k S O ERE . AT B AR BATE DT
0] 534 AL G AT FETEHEME LA & B S48 B, 5 5
UNGE U SRS RP SRS s s DA SR e €1
e T A 2 i BRI R A S o BRI R | & BT
AR AR TE , JCHOE BEFEHEARTE A SAR & 4h5
VE A B HABIAE S, i 29 7 Bls WK sl 7 ik i 4
J7o dRJE A S BE B BRURR R S i 22 P R RURE
ST 5T SR R I 25 2 C B B 3 1 5 1 P15
ARTR) bR B8 DR S, DT 52 0 15 5 A0 -5 U031 4
HERRTE .

BER 1 R ANR P s/ A ARFR AR 5 25 X —
MER, WF5E & N ZR S5 AT, B HRERS IS 5 /)N H BR
A7 8 SRS B RIE R R B . X EETEAFIE
SECFIR& 2 B, S 5 0GR i s /N E
bRk A5 B 7E 22 ROBE 72 e v 45 LAOR B2 s AL
Wang 25 A (2025b) 41 H 1037 8 5 | 5 5 25852 B k) 45
(position guided dynamic receptive field network , PG-
DRFNet) /2 URM TAEZ —. LML LR B
S EERNER NN A= R =NA e AP X DA S
K7 5| S TR RO/ B AR X, B 1k H
PRRFIEAR B 228 o TEHERRR BN B2 70 Bl i3 %
U, R AEVRTE HAR DI, i x| R TE ST S IUAR
5. PG-DRFNet 7E5624 EIR M SAR & L& T T
55 /N H bR K DU B 4 UE A (precision) Fl 48 42
(recall) , [ ORFF T 8w HE B RE , W 8 50 T
55/ B AR AR I 5 R4 A1 1A AR R

BEXS RN bR 5 ) 22 R ARG R, Zha SE N
(2025) 4 1 5T 2 28 R R AE R 53 1 55 Mo BE AR 07
AL A K I X 4% (weakly supervised arbitrary-
oriented ship detection network , DSENet) , A A 7K S
HERR TE RV AT S B s S B2 e % FARAE I . DSENet %
PGy 25K, F B o S L) As e [ 3229 )
bR 1] 5 55 W 43 SO 25 B /K PREARTE 5 B B
piDER YRRy W iRl e S AL SN S |
14 2 285 RUBEHRp AR 1 5 A5 B 1P 422 Seylla 22 IF L (eir-
cumscribed Scylla intersection over union, Circum-
SloU) i 2% R %5, LA T 22 RUBE H AR B3 I RE 1, OF
TE55 W B 2R A RS E . S8R W], DSENet £E4X
PP HEARTE I 0T AT5 AT 35 31 5 M J Al
2 AR T e L o A DO R 2, S AR A o 4 7 J%
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HUE SR T 1T iR A

B X BCHE A5 09 R AR ] 8T, Huang 55 A
(2025 ) Jg Wi B Bl ik i SEAR 51 AT ) H A A AT
55 AR AR TR R 5 S OIME BT AL 18 A A A T
BAL A RDREE IR AT BR 3 1 0 27 ER SeT % 3
TChR Y SAR BRI, R FHBUZ T ALE . fER R
9, 38 3 RS AR A s b (g (Rl R, hir
T PRI B s 7RSI, AR S R 5 U
fiE, 38 3k 27 > SO AR R 4 TS RS B RE ) L %07
ERIN ST MG R B SAR B AR TE TR
R, BEAIC T SAR H A AGrI frg 15 T T4 o

B X Fsf 2 2 T P B [ AT, Sy A A L A
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
PR SRS R 5 R0 vk o 5KaR A N (2024) 2
HH LT AR B R A IR RGN 7 ik, -4 Ry DL )
BN SRR R IR 2 AR WA I REA |, D
T — I ARAGCIE SRy o 7R S5 — AR S B R B9
AR 11, R AL SE 2 MR I 5 H A, I
E G AR RE SRS H AR SR, AR T T
FIREG EAFEAL S RS H R RIS fd
2.4 ETREITHEZEEKSKEN SRR

SR AR A BB AR AESEA T A 5 iR
AN Jd sk A AR A AT P eV T B A Y e b
PEAT ARSI 5 UM — Fh R R V5 o Rl id L
Flv A B KA 22, AT AR A0 L (1L 45, 2021) , 7E AR
Jifvad i e AT RE R 2 — B TR] (Ding 4%, 2022) , i Ho A
NER G WO B HERFE . AT B i R
PRSI T FRELRE B2, T SAR BE A A 2] X ok
B o X ZETT R AR T RE AT SR
DU 6 PR RS sk /N 3 32 e P e 228 I 5 3 T e
DL R 5300 r BAR . esh, Bk JLE
AR RV ZE 5 T AR IS SRS B Bl 2
HERY VIS SE R Al TR WAL ), R A B AYRRAE AT
T (Zilman 45 ,2004) , SAR FMZ b i 5
Z 8] A A AL T AR S . R, R A U AN
AT LA A LA B A7 7 38 AT AR AR OCHE Y 2 1%
12, 3300 M A I 2 O 22 A O P B B U AR A
shiR 5 & 4t (automatic identification system, AIS) Y
PO A R -5 ) LA E A (Zhang 55, 2024)
MR T R 5 WA Sy BRI < ASGE T AT
HH AR A Xk e LB A AR U JCRE S )

PR S A I 28 13 1 AR G5 JR AR Ak 3 7 1k 3
PARIREE 4 2]y AL . RIS 32 24 R i
LRNVERFAE , 3 R IR 0 25 07 1 R R R AR AG: DN 1]
TR A Ry 7 A S W (A R TR SR, X S T7 1%
TR R R OL T R, ORI 55 AR LR
WAl RER I N LML, S EURE RIS . B IR
Ji 2 2 1) 247k , R-CNN R YOLO 47 A5 A  5 | AR
AR AT I 1 . Mazzeo 55 N (2024a) % F) 4] T A& 18
ST 5 T AT UL R S AT ) 5 1 EAT T 2R R
Mazzeo 55 A (2024b) it 3 5 T UEIKAP (unveil and
explore the in-depth knowledge of earth observation
data for maritime applications )i H , %51 H 2 ) T+
J G AR SAR JEIG TR B2 27 ) 19 R i A
M FRGE . 2 H 7 R i a i R (i
A AE) SR TSR I S R X A RE DT L $7
T AR A 0 ) o B PR AR P o Cristofano 58 A
(2025) Wi 7E UEIKAP 300 H BHEZR T, it — P s 1
N2 I o A\ B B A Y e ORI
T 2RISR A 5 UM AE S T S RN B
LRI NI

3 RMiKSRFEREGMMBRSE
At R X S A SR A KA

SRl G NS R IE O TS PSS Al RS SN
WF5E B TP 7R T 440 S TAE AL 0 RAL, L) e
B % e S5 Rt i G I 5 1R

(] A AR A H AR 36 G A i 5 P00 5 vk R H R R
JL, I TE A 3 A4S T3 T3 B Bl AR AR Rl B I S
R 5 P75
3.1 ETFHEMSHEAaHRNSIRAIEAR

il by B A A A it ) 3 A 5 R e R
TEGR A R [R)RE 2 — Rl FL v ) B BOR A2

BETRRAE R G 0 I56- S A 5 YU Y — A )
QAT LR TR E A [R] P, - i 5 54 s ) 2 R 5
J# . Rane Fll Kumar(2025) #& th — 25 S L G bl
S =B BHESE , H T SAR BIR 562 GG )
BUREI . ZHESE B S MOE A I Boh S U LT 5 20 3

AR B AL B ARIEAR B 7 1 B R 5 R
PRSI Jry 38 AR LA SRl e TR . RIS
M SAR G b B IR R ES 5 SO B A 5 R
G3 AR B S AR A Xk 1 R RIS 1Y S
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ok, WA, BRET, TR, LM, BiF
Wik 5 5E R E GRS B 5IR 5K AR R R

FROEHE A G0 — = e R AR 1) £, 26 A ML 24 > 40 2R
AT IR I o AR TE B P 2B 43 2SR, S ]
FRYC2A BRI MRS BE AT A5 IR 5, 551 A SAR S RF
TEHATIECS BRI SRR H . S5 R R, Rl R
FHAE = TR BE 2 2] I 4%, Rk 9 il & 4T3 T b 25 48 7
R lUTOTET

FEAE I A 55 TE 1 %) ) — [R) A o] 3kE S
SAR FME A A T2 T8 . Mk, Li %8 A (2024)
Pt —Fh Ay | S 2 PRGN . IR ERT
PSS I R R R A 7 ) S5 A B iy 2 AR A mT L Pl
) A5 B M7 B AL A SAR KRS B . %7
BT TN A USRS N
()R B 22 5 A iU = 6 B2 TR, DA Ao B g
2 XSRS RN S 201 AR . FEREIERLG B
B, A = R A 5] 5 A8 0] T ) RRAE Al A
Yo, Aot 2e UG A0 = & X, BEAIK SAR EHRAR1E
U, DA R ) SAR BHGA T BE /Y T3 5 782
EGAE BB R (= J2 4 ) B0 5 20 = 1 IX 5, 0
PETE SAR UG FRERLER , DL 3e 70 1 L4 KA A5 2
AR PEF . X 7 35 0 1 Al L] e e T T 7
2875 50T Hbrrykeipfe .

PRI A A ] J2 R AR E A S () B AMAYEL, PR —
JZ G A RT BETC I 7 0 42 8 2 B T
R, A N (2025) 48 —Fh B 2R R R FRIE K
PR G 32N Z 2R A BN, %A
FEAEAR G0 i % B UM 45 X SAR EIR A2
RUG AT Al A s 5 H AR SO 5 T8 SRR
(R SR, 2B RO B RS S G BRI Y Rl A R
B X RR 2R A BIHR 5 R IR I SAR K& O
2 MG AL R g A SRR AR O 2% . FERFIESL , it R
TN 4 ey v B AL, S 22 RO R IR il A, 1
BERIGE R SCIE B2 Rl UE B . Ta , FEIRR L,
AR A PRE AR AR I 25 5, 3 T2 bR AE AT
FO A (5 3 2 e 0T 18 OIS T2 00 FATE i s A
JEE 55 YA 3R i e ORI 5 2R o X A2 4 1 21
JEE S, TR B 2 PSR 1 A B I Al A HE SR d KPR
TR B IR &SRB B A 205 2, S
SRR R Al DI ARAS B A5 B 5 1A 32 0 5 1
RSPV 8
3.2 ETMREBEABHERSKN SRS
AR

Fii 1, ] s R L At i %) BB A R 55 1L 1 R

FRERAITIERR 1 A2 a5 ik MR X 55 07 12 9
XA — AR TE

Az Ty AT o R B A '
W SAR EUZR DL s YIZRAE A, doml LUKS SAR
PR B 46 1y B oy TR O 2 LR 0 — 2D b 3
Park 55 A (2025) B %L A ST I 28 76 SAR K15
DA R BT 55 P A7 A8 009 2R B SASRY] | 201
TR VLB ME AR B RIS 22 A AL 50 4 B9 ) A, $i
H— I T A S S HORESE . HA A R 2 R
JRE L 7 A e A, 2 T P AL 7 48 45 b B g
RAEFAFIEIE , LU BR R8BS 30 FHAF 45 R 15 B TR
JEALFRATCRAY AR &, B4 517 Jm A 2
TS A= s ) D o125 PGB 2 W5 B S5 To0L 4
o N GESR A IEARASR [R) i, 32207 125 5 | AR
2 REL i — N TE R ARG B R b AL o
JU{ 2 (Visual Geometry Group, VGG ) W 4% 75 FFfIE 25
[ B A 5 5 LSOt R A R, (R Y g
2 ] EHG BT C R o Park 55 A (2025) 1977 i
IR SEHE (BT AR T RS 4 LS BC N Hdl . 1
X ICHC X L 7 5, Lee Fl Park (2023) FLEEAE 4R
— il 1 SAR MR AE Wl #0006 2% MR 15 3EAT B ARl
S R T %8, Je e SAR EHE AT HARK DU, 5
B A6 I 3] F) SAR TEIR H b DX B 3 1 00627
&, AR R R G R AT BARR S . T
PR B RENS AT R WS ISR A5 240, BT
LA AT HAR U, Horb SAR MRS B DG &
A T LA H B 3D A58 50 g BE Gl 1) FH 5 ik 1 %85 4
5 U-Net 2 i, 3% — 5 2 45 H A 0 B 455 253
SR T A RO AR T 5

FEAEXT 552505 vk T, Luo %5 A (2024) 2 1 A
27 FI SAR 119 24 W B 5 45 H AR K I (a semi-supervised
cross-domain object detection from optical to SAR
domain, SAR-CDSS)HEZL, JEBL 1 R Ge Ak 19 J= 4 1
TR o ZHE 2R AR SO = TR 3R A 1 o SR et B
PLFR L7 R A SAR UG S Pf e (Rl AR R 3
PR S SO R 5, PR A AR TE Y SAR H b 52 41
R RG22 R 5 b 8 2 o DT AR BURRAE 73
A 9 T PSS 22 1] B e ) SR |, D A R B A
A PP . AR )Z T IZHESR S I A TS AL
S, XA [R)TR 5 Hictis DX R A, 0 I A e 4%
VRN RFIE SIS LA 4 Jr jdsz By b PR & K18
(52 A RFAE . BT X SAR G /N B AR RUBE /N ¢
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R R TR T 0 — AL FC T 3H (Wasserstein ) #5519
I Sk B2 71/ H bR 09 72 GRS BE o % T AR A
B SRR 34N 2 G0 E 4 /Nl s 5, O F W
e S ARG 5 USSR T AR G HORS A R R R T 5

AR ZE 48 (Hinton 55, 2015) W R iU 5 62 48
SRR S A 5 U R A T A SR B . IR
T3 il g — TG BG T AT 2 A I HO e 2%
& T — MR RN =4 MR TE SAR BIR i 175
>J o A Chen 55 A (2017) 45 HIPH Z8 48 551 B2 21 H
FAS AT 55 LAk, 1L AR 2 i A6 5 15000 H AR i
TARBEIE Z . G IER T5 Id e il F bR -5 2
B ARSI 5 U A B R IS B R DL
SIS T SAR ERALHE. Li%F A (2025) 3T LA
R ZEAR Ik N T I H AR AR 5 R I T 1 17
=R A SAR EHGAH T BE T HLAFIEXS 55 281 72
R 22 Xof S bR DX ) 3R A LA A28 22 S R B0
PUEL I RAR, 3 PR g 5030 4 i ) A I Sk 7%
1 (frequency enhancement and dynamic mask with
cross-head distillation , FED-CHDistill) % 8 2 £k %132
ZETRRESR . N pRoAE T B T (] R, G2 HE A i A
R SR AR TS O N AR 173 i SAR HFAIE, 73 2
AEAT 45 K A JEL 55 R AU 7 SR 3R 5 A e e IX Bl 2
FEIR)E, 5 |\ Bl A IR AR B 4 5 ) SC 5 AR X )
R s il DR 2 S IR AL, >R IS Sk 78 TR, 5
AR B8 T3 VAT FH 2 A I 288 A 0 Sk 475 2200 ) 2% A S
AN, 5 Sk 2 0807 i 0 i SAR FRAE S A 200 I 45 (1)
DGR Sk HEAT TN, i SAR FRAETE G2 HELR N 3R
ZNSPUB RS A MO PE N TR (i
BRI R ZE TR RS A Ak R R L H R AT A
Hga]

E 1T L[] I 35 SO RS 2 PR Y 37 B p IR B
il PR ASE 2505 L P R KA BN | AR A5 S Y A6
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