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Abstract: Robust matching of multi-temporal and multi-modal remote sensing images is a fundamental prerequisite for
image registration, change detection, target localization, image fusion, and three-dimensional reconstruction in aerial and
satellite remote sensing applications. However, stable correspondence estimation remains highly challenging when the
matching process is simultaneously affected by significant spectral discrepancy, complex seasonal variation, repetitive tex-
tures, weakly textured regions, and large appearance inconsistency across acquisition times. In visible-to-near-infrared
remote sensing scenarios, the same geographic area may present markedly different reflectance patterns, local structures,

and texture distributions under different seasons and spectral bands, making traditional hand-crafted descriptors and many
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existing deep matching methods unreliable when they depend mainly on local photometric similarity or low-level geometric
consistency. To address these issues, this paper studies the problem from the joint perspectives of benchmark construction
and semantically enhanced matching design. A standardized benchmark is constructed based on the public Seasonal Con-
trast (SeCo) dataset by organizing cross-temporal visible and near-infrared image pairs and introducing random homography
perturbations to establish reliable geometric supervision under a unified evaluation protocol. The resulting benchmark con-
tains 15,000 image pairs, including 12,000 training pairs and 3,000 testing pairs, and provides a reproducible experimen-
tal setting for quantitative comparison under severe temporal and spectral changes. In addition, the protocol evaluates mod-
els using homography reprojection error and multi-threshold Matching Homography Accuracy (MHA) , enabling a unified
assessment of geometric precision and matching robustness. Building upon this benchmark, a semantically enhanced cross-
modal feature matching framework is proposed based on XoFTR, a hierarchical coarse-to-fine architecture for cross-modal
correspondence estimation. The proposed method injects dense semantic priors extracted by a frozen DINOv3 model into
the coarse matching stage of XoFTR through a lightweight Semantic Boosting Module , enabling joint modeling of high-level
semantic consistency and geometric correspondence. For each modality branch, the DINOv3 features are aligned to the
coarse feature resolution and fused with geometric tokens, allowing the model to emphasize semantically stable regions
while preserving local geometric sensitivity. This design is particularly important because the coarse stage determines the
candidate regions explored by subsequent fine matching; once the global correspondence field is biased by unstable appear-
ance cues, later local refinement is unlikely to recover correct matches. The overall pipeline follows a progressive coarse-to-
fine paradigm in which multi-scale geometric features are first extracted from visible and near-infrared inputs, coarse
tokens are enhanced by DINOv3-derived semantic priors, global correspondences are established through transformer-
based context interaction, and local fine-level refinement is subsequently performed to improve correspondence precision.
Training is conducted in a single-stage in-domain optimization manner, with the DINOv3 encoder kept frozen throughout
optimization and the XoFTR backbone together with the semantic boosting components jointly learned. This strategy allows
the method to leverage semantic priors from large vision models in a lightweight and reproducible manner without introduc-
ing excessive trainable parameters or unstable large-model adaptation behavior. Extensive experiments under the unified
SeCo evaluation protocol demonstrate that the proposed method outperforms the XoFTR baselines across all MHA thresh-
olds. On the constructed benchmark, the proposed model achieves 33. 03%, 37.03%, and 39. 17% in MHA@3, MHA@
5, and MHA@7, respectively, outperforming the original pretrained XoFTR model by 12. 91, 7. 68, and 4. 62 percentage
points and surpassing the direct in-domain fine-tuning baseline by 14. 64, 15. 85, and 16. 61 percentage points. Qualita-
tive comparisons further show that the proposed framework suppresses cross-region mismatches and yields denser correct
correspondences in scenes with strong temporal appearance shifts and cross-modal ambiguity. These results indicate that
merely adapting a geometric matching network to the target domain is insufficient for robust multi-temporal multi-modal
remote sensing matching, whereas integrating high-level semantic priors from a vision foundation model can significantly
enhance the stability of global correspondence establishment and improve final geometric estimation accuracy. The study
shows that high-level semantic representations learned by large-scale vision models can effectively alleviate the representa-
tion discrepancy caused by temporal evolution and spectral inconsistency, and can be incorporated into a hierarchical cross-
modal matching framework in a computationally efficient and practically effective manner, thereby providing a lightweight
and reproducible semantic injection route for large-model-empowered high-precision remote sensing image matching. The
source code is publicly available athttps : //github. com/heng-shan/Dino_ft.

Key words: multi-temporal remote sensing; multi-modal image matching; vision foundation models; semantic enhance-

ment; XoFTR; DINO

iﬁi%lﬁﬁ%ﬁ;:Zhang Wang, Chen Tao, Pei matching [J/OL]. Journal of Image and Graphics.
Gensheng, Li Baochen, Wei Mingtao, Yao Yazhou. DOI: 10. 11834/jig. 260202. (5KHE, FRi% , R4, 4=
Semantic enhancement with vision foundation models T, TTE, GEW N . AR E 58 i Z i A &

for multi-temporal multi-modal remote sensing image AR 18 S AR VR IE J7 ¥ [J/OL]. [ F 2 P 2
© [ B R VT 2R A A



SKEE, BRi%, iRE, =ER, FHE, %I
AAEBE SOEIRE & B S ENE R R LA T %

. DOI: 10. 11834/jig. 260202. )

0 3

T

18 B Y R VE R AR L E (Ma 45 ,2021) 221k
R (k3545 25 ,2025) L H bnsE (0 (FRLL 48,2015, 41
il 55,2023) RN G (FFFRIE 55 ,2023) f =4
HE (RS0 45, 2025) 54T 55 AT 2256 Al, LG i
R 5 B I B e S SRS AR IR i R A BT Y
EEPE . 5 AR RN L i G ARGE B L
JE R R AR SR 2% | Ja il o 2 3 v B s S
DI PO R AR s ML AR S5 i — P R B 2
AR A S, AU A 2% . DART LG
LT ARG AG ], AN RIS AH T b3 58 55 A A
N5 234 249 0] B & Az B R A8 Ak, AN () B =[]
AFTE 25 B 22 5 (0 W) — M W) A SO S A
Je B ARS JRE J2 T R B BORAS — Bt . Rt , Z2 I A
20 B35 18 TG AR G I AT i JLART A2 A R 1Y P
i, 3 52 B 52 25 0615 22 S 5 I AR A Ak i) 3 (] 52 e
(]iang 2 2021),

%2 ik m)d, ©A AT TRME B R
JRIFRARRIE 2 2] LA e bR SCOCHRVE e 45 £ BETT )i 1R
WIRER . Bk E AR SIFT (Scale-Invariant
Feature Transform) (Wu 4% , 2013) . ORB (Oriented
FAST and Rotated BRIEF) (Rublee 5%,2011) \AKAZE
(Accelerated-KAZE ) (Tareen 25,2018 ) %8 A T 151119
JR B R (Zhu 4§ ,2024) o W25 1 BOHAT SR
fAT5A AT A R R A0 L (B AR RS RS R 25 5 35
7 S AR E LRSS E AR IR S M . B IR
2 S 1) &, D2-Net (Dusmanu %5,2019) .DeDoDe
(Edstedt 5%, 2024) % J5 ki id 2 > AR 1T} 1
Jry ERARFAE I M 5 3 — 20 b, LoFTR (Sun % ,2021)
XoFTR (Tuzcuoglu % ,2024) F1 MINIMA (Ren 55 ,
2025) AT Ir JRICBC LAY 7 ik , RERSAE B R
PN AR T 5 R SCAR R, D 58 SR R S 8% 37 5
TR DE TG PR R TSR S L SR, AT 2 A 2R
IR A T A A E A S R H— | H
Tl = 50— B9 KRB bR AL S i BE v, AR D7 ik 2

DT FCHE 2R R ZAT5 A L] SO B — Ee P Ay 32, X
I P A ARE B 2 T8 AR AR 2 S R
TEZ= 1 A 35 S i B ML 22 S R B XA

HELVC AR fk

UL AE 3K, L DINO (Caron %3 ,2021) .SAM (Ravi
45 ,2024) Al CLIP (Radford %5 ,2021) %5 M40 3 1 18
FHREATE KBTI 2SR5, B R R A
BRI G 210 CRIERE T o A TR S Rl s 2
FEAE , 30 A7 4 B ) 23 S 00 SCRRIE B8 i G i 3¢
ShHE M) B IXBOG R TE TR Z2 6 2153
T AR T 2 BT R . XN R A
12 B3 s i ) DG TC B AR L 1 SR < A b KA
AU 5 208 e A8 300 A B LT VG FRAE 42, A
T AE DR AR TLAR] 29 SR B8 7 114 7] ) 384 5 4SS T80 ) 1255 ) A
PERISRRE X IRUIEE T) . AR TR A
YIERANRRE 1) A B Ao, ane] DL T A 450 7 =X
FI AL 58 KA AL (918 A5, BB S Fir AR A I
AT 2 18 I 5% v () E () Al

BT BRI A SO 58 2 I A 2 1535 18 I
G DT Hh AR 55 18 SO FHAS 2 PR DG ) R e
FFWF9E . —J7 1, 3T /A FF Seasonal Contrast(SeCo)
(Maas %F,2021) BRI T ] W 5 20 AR5 B
AHVCBCAT: 55 b o AL SE 56 360 | I 37 48— B a2l 43
SRR UM 55— 7, B T — R A A
T B iR ) B AR S R AE U RC ik . % IR L
XoFTR A VG Fie 3+ , 76 ML UC fic By BE 51 A VR 45 1
DINOv3 (Siméoni 45,2025 ) %42 1 AFAE , 3L T
B SE AL (Semantic Boosting Module, SBM) , SZ 8
R SR 5 U RRIE () Db Rl AR . SCaG 4 SRk
B, T4 IR AR A RS XoF TR #5571 Al
PN T 2 455 80 341 A B I A DR E RICR B MHA 5
Fro B 1R T SeCo 3 h—4 HA I B 51 %
SEAA] G- 2T A0 3 22 5 B KRR AR, 45
T XoFTR 54y vE A % FEAS I 1 DCJc v] 91 fk 45
Je IR T b AR AR i 28 A6 % A 2y i R DT
Be AR 25 B A R

AR B TTHR TG S DR =

1. ARG 7 T ) AT D G- MT 21 A 5 AR DT B A
SeCo 1% JBG QUL FLIEHE , 6175 15,000 XfFEA, I 4
7S — Y BEALER L P PR

2. PR T — B I G R R O S A A B
R AR AE DT 757 92, 78 XoFTR LT it B B vE AR
45 DINOv3 WY& AR 15 e s, i o i s 5 L]
ARG 3R A 2 RS 5T I A R 6 G
RHEBRETT

© h[E KR KL AR



PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

3. W RGBT RBE ER L
I AR 2 A 25 1 B AR DU E PP A 80 . SRR
A EE T T S 2R RS a7 8 P ] ) 2 2k
B ARSCOT UG T SRR VE BORS -5 8- F i, S ok
PRI RE AT 2 3 R e A DR IC F2 1 R A7 B AR

1 MExXIfE

1.1 BESEENESBFLERT

LA Z AR REAR VT IO AR 5T 32 238 o 1 ) 4 5
A HA — e S BRI A TR B S22 5,
HAZ O AR A FH R 350 LT 25 44 B B o A B AR o7
5 TOR RN B iR e ik . Uk
PE 7 4945 SIFT (Wu %5 ,2013) . ORB (Rublee %,
2011) ,AKAZE (Tareen %5 ,2018) , Dk K 1 ] 3 £ 14
RO 22 ST RIFT (28 2% 4% 45,2023 ) F1 HOPC
(Ye 55,2016) 55 . SIFT A48 R 23 [8) 5 F a5 ki)
B B 7 1) B R FERUE S5 B0 N A K
A2 ETE s ORB 454 FAST 5 BRIEF, A THEACE
e IR B AR AR A s AKAZE 7R 2t RS 25 1]
AR EURRAIE | X6 JRy 38 0 B0 2 465 ) EL A g i 221 i
fief1. AHILZ R, RIFT il HOPC B 1T A A 4 )
25536 NV RE T, 40 3 AR — b KA 57 G
T 50 B AL S A A I 17, E TT DL L ZT AT SAR 4§
SURFAG VL AC B — A2 L3

T AR F 7 B CT I 25 | nl A e e s Fn
SRRSO s E S R AR i % A N RSB A
R R . T B A AR L b R 1 Ak
FIEE 35 B A 22 S, B0 28 7 T LA T oo 2 4
(R I 56 2R, DRI I Jim B2 50 8 26 e 1) TR B R AR 2 )
L e R bR OB

Gt & 2 FH #p 28 W 2% (convolutional neural net-
works, CNN) & & , W5 2 T b F1| FH 224 190 46 ik Oy 2%
Az I 28 B 42 A 22 TR vh 2 2 RRIE LA G R O
45,2023), IBRRAL G F T3 TR RER S iR 1. M
BTN T A6 0 T TARAE , TR B R AF LG 50
(AELRPE SRR B8 1, RS i ity 3 iy I 2042 A S
[V R Y 45 4 — 20tk PR AR &R 20 B R A A5 fb A
P IV AT 55 rh R B SR e

SR BE RRAE 27 2] vk R B S T R i iR )
) ) 38 58, 5] 40 MatchNet (Han %%, 2015) . Deep-
Desc (Mitra 25 ,2017) . TFeat (Balntas ¢ ,2016) .1.2-

Net(Tian Z5,2017) 1 HardNet(Chao %£,2019)4% i@
O M 3 T SAREAS XS IR G B R S R T )
TR b2 o] SRR B AFAE R

A o I J5 , SOSNet (Tian % , 2019)", R2D2
(Revaud % ,2019) FiI SuperPoint (DeTone &2 2018)
SEITVEIE— DA OB R S AR T T A G —
HE 2R, MTT 42 T 1 Jr #5044 Y 521 5 8 i e
TERE

(a) XoFTR

(b))~ T8 SCHESRICRC T

1 XoFTR SR 5 VLR E AT L o iZHEAAEAEN] i
i 2 AT AR AL, B E RS AT RCC R B
OFRIEFILRC, ZLAFREERIEAL . LoFTR 4i45 129 XIT
Bie, Ferp 35 X0 5 px BUME A TEBR VS HC ; PIr 427 153k 45 2048
XVCHE, Hrh 1439 %I 5 px YA A IEAR PERL .
Figure 1  Comparison of matching results between LoFTR and
the proposed method. This sample exhibits significant spectral
differences and seasonal appearance variations. The lines indi-
cate the estimated matching correspondences, where green
denotes correct matches and red denotes incorrect matches.
LoFTR produces 129 matches with 35 inliers under the 5-pixel
threshold, while the proposed method produces 2048 matches
with 1439 inliers. ((a) LoFTR; (b) Semantically enhanced
matching method )
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Figure 2 Benchmark samples and evaluation protocol for multi-
temporal multi-modal remote sensing image matching((a) Multi-
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