E-mail: jig@aircas.ac.cn EPEI%%H??}E 2381

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

FEESFES TP751;TP1S  XEAARIAAY: A XE4HS: 1006-8961(2026)07-2381-27

WS AKX :LiKY, Cao X Y, Jiang Z X and Meng D Y. 2026. Advances in open vocabulary perception for remote sensing images. Journal of
Image and Graphics, 31(7):2381-2407 (Z=JF 5%, S AR, FAEFF, 8T . 2026, B EGIT ORI . pE E R EIE %40, 31(7)
2381-2407)[DOI: 10. 11834/jig. 260163 ]

),

1 2% ] {5 FF Al ia) i 2 A 3 FR

=8 SE 2* 3 3 S5 2o 4
EFFE EAE T, R ST
1. PHLEACHRF =B, Va2 7100495 2. PUZAEE KA AR, VE4 7100495 3. PEZACH K2E N TR RRABE, V4 710049;
4. VLS R FHFE B, T 710049

A E: ORI G R ROR R 2 S fE B P SR R b v PO ) N T bR R , ELAE B B
ACRETFUNMIN Rt b e s SCRY I SE 2800 o TN LS B BROULIN 377 55 v &2 2 2278 (R M e PR I5E L ROBE TR A8 A B8 F AR A
LR R I ) , e GEE sz A RE 0 52 R, ME LA A2 o 2 Sl A5 i TP T P R e oKk o Il AFok , 2 Tl —
T T RER RSB A PR R T ORI AR RS AR o A B SO FRITR T AR5t B R R 28 SR 4T,
TEFREA S DR F T B SRR A A J) o SR, 38 B (O R B ORI LA AL A B2 2 B 4 SR LA e 22
STAG ) AL B 1 4R PG s ) el P DRSS Y A o) e e o Ut A I T 1 Y 25 ) U 3 . e, AR SO R B
B BRI S T 3 ARG Al IR s i) fee BT T S8 0 o DARICHIE R 7 ik PSR E A 1 3 SR e — i 5 B
SR S ORGSR, LA B PN 5 R DSl S IS 7 S A S5 S - ot PR S 6 94 5 1) B K 45 5 T U 1 Rl
NIRRT E R REA I 302K B RESAR A IR O8] FARAS N 5 7 007 AR PRSI A B =4 s o B 25 S B T WA 55
A R TRATRT T 2 B2 U v S i U SR B2 = ARORE BE VT B v B 2R | 22 DS MR AR TR 2 08 5 AN
LAY AT SE 2 5 T TRT s A0 B, I SRS T 5 R AL IR 2l ) A e UROAT | A 2 S A R 3 E | 2 PR AR
P Sl BIBT)  A 7 e o R R SR S AT T AR GRS R, LAY A 4 Sl e R B A U 1] EL ST I AR A
ML e

SRR ¢ R BANE TP RCRNC I s I — i H L (VIM) s ZAEACE ) B B I

Advances in open vocabulary perception for remote sensing images

Li Kaiyu', Cao Xiangyong™, Jiang Zixuan’, Meng Deyu*
1. School of Software Engineering , Xi’ an Jiaotong University, Xi’an 710049, China; 2. School of Computer Science and Technology ,
Xi’an Jiaotong University, Xi’an 710049, China; 3. College of Artificial Intelligence, Xi’ an Jiaotong University, Xi’an 710049,
Chinas 4. School of Mathematics and Statistics, Xi’ an Jiaotong University, Xi’an 710049, China

Abstract: Remote sensing technology serves as the core mechanism for the observation of the Earth and the understanding
of surface environments. It plays an irreplaceable role in critical fields, such as natural disaster monitoring, urban plan-

ning, resource exploration, and ecological protection. Driven by the rapid advancement of deep learning over the past
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decade, the intelligent interpretation of remote sensing images has achieved breakthrough progress in fundamental vision
tasks. However, the traditional deep learning paradigm is intrinsically built upon a close-set assumption, 1. e. , that mod-
els can only recognize a predefined and human-annotated set of fixed categories during the inference stage. When con-
fronted with highly complex surface environments in real-world Earth observation scenarios, dynamic object morphology,
and rare ground objects with long-tail distributions, this traditional paradigm not only incurs prohibitive costs for the con-
struction of massive pixel-level annotated datasets but also easily falls into the trap of domain-specific overfitting. Conse-
quently, the generalization and response capabilities of this paradigm are severely challenged by unseen categories or sud-
den events, making this paradigm inadequate for meeting the highly dynamic interpretation demands of the open world. In
recent years, the rapid development of vision-language models has catalyzed a paradigm shift in artificial intelligence from
task-specific models into general-purpose perception models. By mapping visual representations and natural language into
a unified feature space through contrastive learning on massive image-text pairs, these models have broken the constraints
of discrete labels, enabling a direct response to arbitrary natural language prompts. This capability is known as open
vocabulary perception. Although this technology has demonstrated remarkable zero-shot generalization and cross-modal rea-
soning capabilities in the natural image domain, the direct application of these general vision-language models to the
remote sensing domain encounters a severe domain gap. The uniqueness of remote sensing data poses multiple challenges
to the adaptability of existing models. First, the distinct overhead imaging perspective causes drastic variations in object
scale and complex background textures. Second, Earth observation tasks rely on multisource heterogeneous data from
synthetic-aperture radar, multispectral or hyperspectral imaging, and thermal infrared sensors. The underlying physical
mechanisms of these sensors exceed the inherent inductive biases of models that are pretrained solely on natural RGB
images. Third, remote sensing objects often exhibit strong geospatial attributes and complex topological associations. To
address these critical challenges, this study provides a comprehensive and systematic review of recent advancements in
open vocabulary perception for remote sensing images. We first delve into the foundational aspect of this field: vision-
language pretraining for remote sensing. We extensively review the evolution of construction strategies for large-scale datas-
ets. We highlight the transition from limited, human-annotated image-text pairs into massive datasets generated via heuris-
tic rules, the integration of geographic metadata, and advanced multimodal large language models, including innovative
approaches that leverage OpenStreetMap and geographical coordinates to produce fine-grained, physics-aware descriptions
across multiple modalities. Concurrently, we systematically summarize the progression of pretraining methodologies.
Although early approaches have primarily focused on simple domain adaptation through continuous pretraining, recent
state-of-the-art frameworks emphasize physics-aware encoding, fine-grained multilevel consistency learning, and
geography-enhanced architectures. These frameworks better capture the intricate spatial relationships and modality diversi-
ties that are inherent in Earth observation data. Subsequently, this review conducts an in-depth analysis of the adaptation
and optimization of open vocabulary perception techniques across a wide spectrum of crucial downstream tasks. For zero-
shot scene classification and cross-modal retrieval, we discuss advanced strategies that are designed to mitigate the high
intra-class similarity and complex interclass variances typical in remote sensing. We emphasize the shift toward fine-
grained local-global alignment, hard negative mining, dynamic soft labeling, and prompt engineering. In the realm of open
vocabulary image segmentation, we categorize the existing literature into training-based methods and training-free or
annotation-free paradigms. Training-based methods leverage base categories to adapt models while preventing catastrophic
forgetting through pseudo-label distillation and knowledge retention mechanisms. Training-free paradigms synergize founda-
tional models, such as CLIP and the segment anything model, to extract structural masks and align semantics without the
updating of network weights. For open vocabulary object detection and remote sensing visual grounding, we explore the
approaches of researchers to deal with extreme scale variations, arbitrary orientations, and dense object distributions.
These approaches include innovative frameworks for pseudo-label generation, multi-scale feature alignment, cross-
modality context modeling, and interactive grounding mechanisms. Furthermore, we examine open vocabulary change
detection, wherein recent studies employ either combinations of pretrained vision-language models or generative models to
generate large-scale data. These approaches aim to identify arbitrary, text-specified surface transitions and simulate com-

plex spatiotemporal changes without reliance on massive and costly bitemporal pixel-level annotations. We also briefly dis-
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cuss emerging open vocabulary applications in 3D urban point clouds and cross-domain archeological remote sensing, illus-
trating the expanding horizon of this technology. Despite remarkable progress, the field of open vocabulary perception for
remote sensing remains in a crucial developmental stage and faces several critical bottlenecks. This study critically identi-
fies the limitations of current research, including the severe scarcity of high-quality and geographically balanced training
data. This scarcity leads to geographic biases and performance degradation in data-poor regions. In addition, genuinely
fine-grained and long-tailed open vocabulary evaluation benchmarks that can accurately reflect the performance of a model
are prominently absent in extreme or unknown real-world scenarios. The inadequate physical understanding of heteroge-
neous modalities and the inherent black box unreliability of current large models in high-stake decision-making scenarios
further constrain practical deployments. To chart the course for future research, we outline several promising and essential
trajectories. First, we anticipate a paradigm shift toward generative perception that is driven by multimodal large language
models. This shift unifies various spatial localization tasks into the direct generation of coordinate sequences or geometric
property tokens to utilize fully the logical reasoning capabilities of foundational models. Second, we strongly advocate for
the construction of rigorous, real-world, and fine-grained evaluation systems that incorporate complex spatiotemporal logic ,
diverse geographic conditions, and comprehensive evaluation metrics. Third, the development of omni-modal foundation
models that explicitly integrate physical priors and deep learning is considered crucial for the achievement of all-weather
and all-spectrum Earth observations, moving beyond pure data-driven approaches. Furthermore, we highlight the necessity
to extend perception from static spatial analysis to dynamic spatiotemporal causal reasoning to decode the evolutionary pro-
cesses of the Earth. Finally, addressing the severe conflict between the massive parameter scale of foundation models and
the limited computing power of aerospace edge devices requires focused research into efficient, trustworthy, and safe edge-
cloud collaborative computing architectures. By systematically synthesizing these advancements and challenges, this com-
prehensive review aims to serve as a foundational road map for researchers and practitioners. It accelerates the transition of
the intelligent interpretation of remote sensing from isolated, close-set recognition toward artificial general intelligence that
is capable of highly reliable, dynamic, and open world perception.

Key words: remote sensing image ; open vocabulary perception; vision-language model(VLM) ; zero-shot learning; intelli-

gent interpretation
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b VI T T AR SRR RE ) o SenCLIP (Jain
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E=HF, BHE, BEF, ZEF
12 2k [ R AT Al iA)C R AN i R

45 ,2025a) IR HIZE UL, IF5 A Bt ALl
A )7 B 22 A0 AR T RS LA 5 R AR Y AR
filbk . TimeSenCLIP(Jain % ,2025b) #f —4-3E 0T, JG
7 R B 23 8] B SC AR BRAR R A DG I )
A1) 5 b T B R AT B R A 0T 5, BRI RT S R R B Y
THAASE LMEE . H—RREO T W
2l A M B AR B, U1 SatCLIP (Klemmer %5 , 2025) Fil
FH BRI pR BN 28 26 B JEAT 00 8 2 11 0T Rl AR FL 2
2], VLM2GeoVec (Aimar 45, 2025 ) W 44 H 5 25 i 2%
ZRH R MG SCAS i FAE 5 R AR RSS2 R Bt —
J¥ 5 9 47 48 4 % ¥ . AETHER (AlphaEarth-POI
enriched representation learning) (Liu %5, 2025¢) if—
AT T 00 1l 3RO I AR A 1 Jo B, 3 2o 5 ) A Y R
51 51X 2% 2, B AlphaEarth (Brown &5 , 2025 ) 55
LRIV (0 ) R RS R W R B it 22
TF SO TR 3G AT 28380 57 . B E BT I ARS|
KT RTHFAETYERIERIT . Cambrin 55 A (2025)
R T HH—iF AU (geo-semantic trade-off)
WG, A5 A IR GHAS (41 GeoCLOSP) BUAK REHE T X
FE RS (A3 ) AR BRI, 2023 i R AR 1
X — Bt T SCE 5 (AR F BRpR) A58 40 31 e
SR ISR R BT AT 55 14 Ak S B A Y 3k N
A iod v (R, BN 507 vk O ) 24T 55 8 — AR Al i
LG8 AL SE—18 5 T A5 28 22 (0 T R 1)
W TR SR S B TR Sk R A T
P St BT LLM 8¢ MLLM () 77 35 W s i A, FF
TEAIVRLE BN 5 52 8 B BRAE y Th i AT 1 — 550
R TE X IRIUEH)Z 1, EarthMarker (Zhang 55
2025a) 51 A M FAE 5 s AE R IE -7 | 18 G R FE s
KAk Ry D RGO i AR G L0 T AR ik 52 g
AL o sk Al TE O HR 5 % B AS {1, Sky-
SenseGPT (Luo 55 , 2024 ) i 12 74 72 75 5 37 5 [ A i
45 2 4R R AL T BB X H bR 4R 40 5C & Y 2R A
LHRS-Bot (Muhtar 55, 2025 ) W 7| F 3 JE 45 3 47
(volunteered geographic information, VGI) 32 B iH A
7 5 URAR 27 T X 5F 3 B X RO 55 175 AR 7 A
AL Y B FG , VHM (versatile and honest vision
language model ) (Pang %5, 2025a) 5 AL & L5 15 I
P ] B30 A 5040 £ HinstD , 35 42 FHAR R 7 2 28 3 55
TR . TEOChat (Irvin 55, 2025) 1 YK 13
T840 I P WL 7 4, S 1 A8 B AR FH VAR
EarthDial (Soni 55 , 2025 ) it 1 ¥ T J7 20 45 & 4 5

T 2 AL AR BRIz 5 AR X RO 2
5% AT S H sy w4 Im Pk . RSUniVLM
(Liu A1 Lian, 2024) F| 18 SCHEARSF (Lan 55, 2024) $¢
1% 2% P A i o il 7 Ak Sk 4l SCAS A 15 Falcon (Yao 45,
2025b) 2k HER AR i AR bR i AT e A T
14 Fh AT 55, AU R M T £k T R Wi G0 i A
T 3 22 JZ AT 55 U R I 2R i T AR X A2 S48 4
YRR 5 X A TR S BB T o BRI & RN
IR B9 A I, GeoZero (Wang %5, 2025b) #2 1
2 gk s 2K A Bie B ZE 4% (chain
of thought, CoT) , >R 28 58 i 5 1 2H AED SR g L AL AR
oA 50 Y 30 T2 ) HE R

CERRF B EM R —IE S W7 ik E AT
AT BRI T ] IV )22 e T ) e UM .
2 2] W Gt SRR 2R K AR N S AR T
A R AR T8 T 18 R AR (R SN B . ARk,
QAT TESE— SR8 N 56 56 P A PRI A P15 518 X
PRFF Az AL, W 2 T B i B Al B A 3 [ 3 N T
e EZIRE,

2 ERFMRCEIMES

2.1 EFAGEHEMBESKER

TRAR Y 2R 5 SRS R R R v —if
B WA ARIEXS FFRE ) RO BERIAE 55 . 1 dk
TR S SO AT AL 25 (8] B AR B
DASE BRI o e P& S G g3 A AR A ] L) e
BB A, BRIV AT B B S T SRR T A
TLIERE Ty o R, 33k P IAE 55 AN (302 1 S e —
T TN G LA I A HRE , I 2 1A e R A A
B2 AR B ASEZS X TR BE AR REIE
2. 1.1 TR

2313% ﬁ@"ﬁg 3% % ﬁ’?@ (zero-shot remote sensing
scene classification) 5 7 fift P52 A1 7 T80 % Il 25 By Bt
G D3t b ) 2K e ) R . AL B R
TR AT W2 AR A BEAT U 5, TSI ARSI 36 |
vl i) Bt B8 AR VE AR A B T SO R S e s
IF] 51 S % 1) 22 [] B S 5 25, DA T 52 B TR ) fig
(485 IS T RS (Tan 45 ,2024b) o £ IR ER B AR A
G R R 2 iR

MRS TARGE M 7 20 ZAT S5 420 1 X KA
PRSI AR , oA 17 Xof 228 R AT 2 ) S A5 BE T
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Table 2 Comparison of zero-shot scene classification methods for remote sensing images

/%

Tiik 4Efy AID  EuroSAT PatternNet RESISC ik 4EHy  AID  EuroSAT PatternNet RESISC
ViT-base: ViT-large:
CLIP 2021 69.60  32.10 64.10  65.70 | CLIP 2021 69.30  41.90 7140  66.70
RemoteCLIP 2024 87.10  30.70 56.10  67.90 |RemoteCLIP 2023 70.90 27.80 61.90  74.30
GeoRSCLIP 2023 70.30  53.40 - 68.80 | GeoRSCLIP 2023 7440  59.90 7740 73.80
SkyCLIP-50 2024 70.90  33.30 7220  66.70 | SkyCLIP-50 2024 7170 51.30 80.90  70.90
RS-M-CLIP 2024 88.90 25.90 51.00  92.60 |RSTeller 2024 66.80  56.40 7890  69.60
RSTeller 2025 63.60 38.40 6470  58.50 |RS-TransCLIP 2025 80.40 72.70 93.10  86.70
RS-TransCLIP 2025 7820  69.00 - 79.50 | DOFA-CLIP 2025 75.50  59.00 80.20  73.20
DOFA-CLIP 2025 77.60  52.30 76.70  67.20 | DGTRS-CLIP 2025 - 5530 76.70  76.30
DGTRS-CLIP 2025 -  48.50 74.60  73.60 |HQRS-CLIP 2025 73.90  60.60 - 78.40
DALIP 2025 75.60  64.70 - 72.90 | VLM2GeoVec 2025 77.80  39.90 79.80 -
RSCLIP 2025 86.70  48.40 66.70  68.60 |Barzilai % A(2025) 2025 72.00 - - 72.30

E L TR R A& S e LA R =" SRR RS BT

& 53 A1 K e B R TE AR S S it T AR BB
MR TT 56 o FEARIE—1 & OB s B 22 00, i
I BN T AR R I —iE SR . R
W 9% Z2 408 111 25 B4 3 5 AR (4 Word2Vec
BERT) $E B HITE Sy i, 38 1o VR B X 246 2 2] 1S
FRAE A B R B, 1N, ZSRSSC-LP(Li %%, 2017) F)
FHBR 28 A% 1 B0 10472 0 7] 268 488 [ b 55 [R] 1) PR i A A
PE s DAN RS (Li 55,2021 ) #4 1 S AT RS LA
SR SR DG 1 SR A o SR, I RAL 52 7 vk I i SL
2% [ 1 7 HL A8 B AR, I 2 A0 o R i 4 LAt 22
BT AREUG TN L, 3 80™ & 0 SRR 5 L
WA M LK v 221 e 1 R MG AR A ) S A

Bifi 5 CLIP S5 M58 —iF 7 Wy 2R 80 Y TR B, 2%
FEAR 18 B 5 A A R T ) RN 43
ARk ST GT A AR R SO b (X L
2] RIRBEA I MG S5 AT BSOS AR X S g
AR REA S 0] A TR UG AR 5 20
$E7R 1] (prompt) Z [A] A AHALLEE , Gl 1 B/ . Al
91 23 e 18 SR AT, GeoRSCLIP(Zhang %, 2024b) 5
SkySeript (Wang 4§ , 2024¢ ) 55 T4 il i 7€ 1ff 2 1% J&%
I SCEHE b AT RS I 25 , b 2 1 i T A TR ) i
BROULIN 7 5% 1) B AE A R AERE J) . RSplitzero HE 42
(Stacchio, 2025) RGLIEAL T 25 T M4 54

B FFEA 22 2 Tk IR SEEE T DINOv2 (Oquab 5%,
2024) B FRFHE B HUES 25 6 A BURE TR B8 R MR 4 X6 R
AR AWz A TERE . FEHERER Y - SCOR AT
[fil , El Khoury 55 A (2025 ) 4§ th 4% 4t I3 49 = 1 2 72 0%
TR GE T o3 A B BRI, B 5T A HE R
I, I FH AR T A AR 1) R i 45 R A v T 225
BT ARSI 2 AR R AT IR 4RI T 5026
K EE , ST 40RO A 5w A i SR A AT
Ll DS NI

XFF =G SAR SR R B DA K L&

house
plane
oad A satellite image A
of a {object}. i es
[CLS] (T T, | T, | | T,

Token

i)

A satellite image
of a house

LRI AR A

Remote sensing zero-shot scene classification

Fig. 1

inference workflow
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E=HF, BHE, BEF, ZEF
12 2k [ R AT Al iA)C R AN i R

Fi ) e A AR ORI 7 47, B4 1 FH T RGB Sl 2k
CLIP #5558 1 Iff 75 B8 Ay ™ 0 A A AR IS 9 o % i
Tk L 53 2% Hh DA TG 3Lt S5 28 0K B 1) 25 e
B, HZSCM HEZE (Huang %5 , 2025a) & 11 T 3 F#E 14
R PR L 565 | T AR B A E AL, AL
1B IE T M358 —18 75 A5 70 A i I 75 AR 25 5 SPECTAL
HEHE (Pang 55, 2025b ) SR FH P b5 45 26 18 S W, 8 2ok e
YA WO RGB EIMGAR B 4 o0, 1 1 I 25 % FH Y
i Ah P 2% LRI AR o — 1 R Tk
b PR 22 1 B R B 1) 5 SpectralZero (Xia 45, 2026)
M — 2 51 A K 5 B A i A B i SCHE A, T
3 A3 3 I 2% S B2 ] 5 GRS RRAE A T SRS .
i — 2 R A 2 0035 AF S A KR AR A A 1 I
Zavras 55 N (2025a) $2 3 F] F§ PAINT (patching with
interpolation ) A H 47 L £ A G CLIP, Jf i 1o 15 52
BHNRZEING 2 615 FRAE B 2 5 1) CLIP By =2
e AZS A, 7E SAR EI& 7T , SARCLIP( Wang 55,
2025d) 5 SAR-TEXT(He %5 ,2025a ) i 11 #4) AR A%
T X E5 R AT P 2R s, a7 AR AR
FHTBEME S 5 5 IR B R R A S et g . ik
— L, Wang % A (2024b) KR T H LS —iH S
BTSOO8R UGS S, 25 A5 BB R A 5 3D
BEAYFEAT SAR 5 B, I3 2 2 A 0068 [ R 2%
it P L5 B (R A SR RS o AE G FLAR 75 I 45
3, Gerg(2026) UESE T {UR F R 4t 4% SCAS R H ik
H A% 0 LT 55 B2 RRAE , 58— 5 B R B o] 72
TH P AR RSB S BAEAAKG I . e ok, £
XA 53 28 55 5 B TP AR AT: 55, Jain 55 A (2025b)
UE AN R FH B 3R 615 — B 3 ARk 5 SRl X
5 BIRT S BE A FE R A SR 28 X R T TR 8
JEAT 55 v, B e A8 A5 R AR A T3 ] JLAAT R AR W] g
BAHE H AT ZFREARG T .
2.1.2 BmEREBHREER

R EMG SCAR B RS K R B AL 8 P REAS Tl
HARIE F Rk R HAREUR , 50 @ B B R I B A
B SCASHE IR (Xu 25 ,2025) o FLI 19 8 R B 25 A
RIS T T 20 X 45 55008 R0 28 I 455 11
WA, o PR IUEME S SCAS B RRAE D4 e g 28 4t
SRR RAS A SR, 3R A TR R R
RE 22 5524 H BARS LN 5ent 5 (e
TR A5 SUM NG R o A e —ih 5 A
()2 A g u N & A T ARk

BRI AR B 7 T8 SR % v T s 14 8 i 7
(i) fL, — e b5 T 4 5C T 38 S v B3l A e 2R
I AHIVE R B R o h T iR IR R 2 S AL A
A T) B 5 ) 7 5 A AN 8 SO SCA i B AR
RIS R RIEL o N T G 55 A OCREAR RS Lo
ARG, “Se SRR X5 A g i (A EBAKER
(eliminate before align strategy with keyword explicit
reasoning framework ) (Ji 55 , 2024 ) f H o i#F jg A<
iEBAKER (Zhang %5 ,2026b ) ) , H:% # & 75 F#AF X4 55
BT, AR AEHE O S0 B AR 4 Jes AR B BE A IE R AR X
FHRAES] T 19 A 35 27 > B (Chen 25, 2025b) 1
i e TR S BB R AR T SO G EREA T sh
R SR, 336 28 T ] A DRI 58 5 56 70 A1 A i Y AL
il A e — S A JRy BRAE - AR S BRI A ) e v, vl g
R MR B AR X D 43 HEAELA5 S i Y R A
(hard samples ) , 1717 B il A5 50 7E A BR8P 25 5+
I 0 BE 1 o S 1 DR B DRI AR A 9 2D i S
S, — e oY 5 I A SN e 3 B X b7 ) 5K
W% . 540, KTIR (Mi %5, 2024) Fl PriorCLIP (Pan 4§,
2024) 73 8 13 51 SN R HIRET 1 A5 1 55 00 2
Pt O AT B S (S DR RS AV S i 17
Xof i SR A E H AR 8 8L PN R L A FR T ALY
WA TR B G5 T BRG] oAb, B X RZS N
HEALLBE 51 A B4 TR A A A X X [] B, DCCA (dis-
criminative and consistent cross-modal alignment)
(Song %5 ,2026b) 42t T B AT (HREAS ™ AL 19 42
JRINT LA 2] w55 U B AR RALHE A T 5
MIIA (masked interaction inferring and aligning) (Zhao
45 ,2024) MR FHHE IS 5 HAR B 5 2 5% e >, 5
TEJOTE BN BRI S B s ] A XA 8 . R
T 2D G v SRR XS Lo S iR i M
FRZEE R DSD-RSITR (Cheng %5, 2025) 42 1 T —Fif
B A 2 THESR , ) T 2 285 B A8 D ASE 2 A a2
b4, INTTAEAR I R AR T 51 S A58 2 ) B o Aff )
R R R

Br 7 RREDLAL PR E AR 4 )R B 1 SONS
FIE TG ZRAG R 7y — B E Ty ] . IRIESCAR MY
AR AR B H W e B AR 23 () B LT
MZHERKR WG, —LEHF R T 2R R if—
4 Jay URIRL R 5 2244 o B, CLGSA (context-aware
local-global semantic alignment) (Chen %, 2025¢) Hil
PR-CLIP(Guan % , 2025 ) it 12 5 A Ja) 8 #5 1) o
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R N DA R EUSNE R NI i e s S R ESE
B 55 SCATA T 22 1] #4 4i0RE B2 B 45 5 CPPMN (cross-
modal progressive perspective matching network )
(Zheng 2, 2025a) % [ 1 125 2K [T {5 1) b 2 25 i) 22 4
SRR RR VR i ok =AY A AR DTS R 4
WSSCN (whole semantic sparse coding network)
(Zheng 55 ,2025b ) F1| 4 i 4 i H A it ¥ 22 82
i L. FGR-GA (Yu %2026 ) I 38 jb HFAIE A 2 0 211
SRR 35, 22 WL FIAOWL 2 T ) I 249 o 3R 7R 25 1]
I AF , RSITR-FFT (remote sensing image-text retrieval
fine-grained fine-tuning) (Xiu 5 , 2024 ) 3 3 4 RLFE 11
Tl — X0 575 — FerE I E WA AT FREE TSE B T
UM o AR X ST AR A TR S IS T A
e BOVEH FE A , (5L S A7 T i 4530 52 2% B 1 Bk
Mo SZIR MBS TR T TR | TR 2 I 2 45t 2 1
R Y P E R M AT X R B RS
5 R RGN R LR SRANE o AR
Ji 201, SGPD (sparse-guided partial dense) (Zhao 55 ,
2025¢) et 1 — TR i 5 | 5 4 J) SR 8 A AR
B TR R ARG R 2 [ AP A

A THDO EL S T 1 52 2 8l 7 5 22 2 900 L
I, R Y )32 AL BE ) K H 32 FR o UrbanCross (Zhong
A5, 2024) 80T 1A [R] ] G368 T S 08 ] ) b B S )
R FE R U AE B 7 s P M RE S B R R I
SIA T HGE AL T, R T e
XoF 3 SRR A BSCHR SRR A3 N 1, — S R iR A
#2718 TF% (prompt engineering) 5 5 -4k il 1 14 %5 3
£ Sun%E A (2025) # T AR S s TRl
B B0 2553 AT 43 5 A i A R B S 42 )R
W SCHER , ARG SRR R G 22 ROBE H AR 9 R AR 3K BE
J1o TR, Ry 1 Bk A ME S B304 4 7 38 25 ) Sk
R E F AR, LuoJiaHOG (Zhao %5, 2025a) %5
AR 4R TR AL AR S B A
SCASHE IR, S 60 AR B X6 55 R a3k i A 7
T S
2.2 ERFMIRICHE

a8 R PRI A5 3 ) 2 e o R 9000 45 35 ) 35 itk WAL o A T2
%, BAE RS BAR R 3 e HL A5 WA 3 s ) P s S
A8 PR %s o 45 i B R IT RS o0 5 ot
b ange 3 iR .

F3 ERBEGFBIAICEN DB FEXTLL

Table 3 Comparison of open-vocabulary semantic segmentation methods for remote sensing images

/%

255 Irik A
LoveDA  iSAID  Postdam Vaihingen  UAVid VDD UDD5
Cat-Seg 2023 369 21.7 47.1 29.1 - - -
OVRS 2025 287 39.1 275 33.7 25.2 373 39.1
GSNet 2025 293 42.0 26.5 352 25.4 38.1 40.1
ST RSKT-Seg 2025 325 44.0 345 37.2 28.1 412 43.0
Wik SGSeg 2025 264 423 32.5 37.8 - - -
FarSLIP 2025 342 18.7 475 22.8 40.0 40.8 44.8
ROSS(Zhang % ,2026) 2026 - 40.8 30.4 34.0 - - -
SkySense-0 2025 383 439 54.1 51.6 - - -
SegFarth-OV 2025 36.9 21.7 485 40.0 425 453 50.6
RSCLIP 2025 380 - 474 28.9 - - 50.8
‘ SegEarth-OV-3 2025  47.4 27.6 57.8 60.8 54.7 64.5 71.7
g;ﬂ | ;ﬁ%ﬁ AlignCLIP 2026 395 23.6 479 345 44.4 484 51.8
SosaZEA(2026) 2026 382 21.9 50.2 40.6 443 46.8 53.8
ReSeg-CLIP 2026 - - 383 - - - 432
SDCI 2026 437 46.4 475 50.1 - - -

T L P SRR B A S B USSR - R R IR LI
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E=HF, BHE, BEF, ZEF
12 2k [ R AT Al iA)C R AN i R

RGeS IER 73 B 2 2 S A B AR S R
e, B E B BeARE TRUn I 254 vh 10E 25 .
SR, ELSEH R PREE BLAT o B sh AP 5 S 20k, T
TR H 2R R B B 57 DL e S 5 K KRR
h SR SO B R R, I RN 43 ] (open-
vocabulary segmentation) Vi iz [fii 4= o i%ZAT: 55 K FE H
IRTE H I TCIRRIRRE ), B R MR IR A B SO S X
B4 4 2 A1 (seen) 5 AR 1 (unseen ) 250 A TAR R 94
TENLS 28, W 2 R o HR)ZZ AL T A AL
W— 1 5 SRR (40 CLIP) £ i &t [ SCHil 5o
A RS AL X 55 3 (], 4 0 BT 5 S R R S
SCARFAE (1) AR B0 VE e )

house
plane

d A satellite image SR
roa of a {object}. Fifith o

Ir|n|n]|7]
URYH URY LAREM I A
L P LAY (R [P

JANHTANATAN A PPR A

LA YAel (YRR

Patch Token
ES B P T B W e BT e

Fig. 2 Remote sensing open-vocabulary segmentation

inference workflow

AR B 5T, 38 BT IR I 20 1 I E T7 v
AL W O3 Sl 2 kTR 4y o3 ) B A AR I 2k
(training-based) 19 77 1 5 S Il 2R 8 S A5 1 (training-
free/annotation-free ) [ /7 {2 , WKl 3 7K .

BT YN 28 ST I 43 0 05 2, KAz g
DL AL B Tl 288 1) (4 BE A 28 o i 5 A ot 3
PR SE— 18 5 A R R AT 8 i R IR A48 | i R AR
2% () A5 G X BT B2 ) AR A RO BE ) 89 W)
P 22 SR B ) LS LA e

B 1 2% AR T 1) ) B A B R, Cao 25 A
(2025) £ i i@ % R A AL RE TS A e, i ol 15 2
T3 IV REIT 255 2 RUEEHLH  F g 1 el 5 RUEA
AR LRI o

YR H AR IEMR S 18 4 R] f) 45T 0, —
SEFFEARR T AU AR 5 18 Pz A 1 R
eSS . B4, GSNet(Ye %5 ,2025) 5 RSKT-Seg(Li

CAE

(GSNet, RSKT-Seg %)

9[ RS S 5F ]
(TPOV-Seg., FarSLIP é‘!‘p)

SEF G
Jik N TR R

(SCORE. KG-OVRSeg %)

I _){ BT RS Y J

N BRI FNZ:
(SkySense-O. GeoPriorCLIP %)

) 23 ) R V. 55 1 B3t
(SegEarth-OV., SDCI )

AR S SURNREN
(InstructSAM, GR-CoT %)

| e
(AlignEarth, MM-OVSeg %)

GNZRE bR
TERTT %

K3 @ EIT GRS 15 i
Fig. 3 Remote sensing open-vocabulary image segmentation

methods

A, 2025a) 255k F XU KGR 2 65 2 , 5 38 ] CLIP 5
FEREIBAAE T B W IR I e R AT S BURR
ik, 38 5 2 ) 5 T B2 07 1] AR [ 3R 45 SR s S
Z 5 B A @l A 5 AerOSeg (Dutta %5 , 2025, 2026) 4%
SAM (segment anything model) 5| A Il 2k i #2 - % 11
T R, DL B 1A 20 A e b iz AL e
J1 K o ZoRI(zero-shot remote sensing instance seg-
mentation framework ) (Huang 5% , 2025b ) $2 3 H1H &
R 0 SR W 55 S 0 TE AL L ) A58 D 2 G A7 T
A/ INIURAE 22 5%

e 40 k7 5 8 %55 O A TPOV-Seg (Zhang,
2025b) 51 ARFE SCAEA AR e L F 5 2 2 H BR Y
SCA TR SC, I 5l LLSCAS BRI A 42 7 B0 SR I
FarSLIP (fine-grained aligned remote sensing language-
image pretraining) (Li 55 , 2025j) W] 48 ) 4= )5y H 2218
IR CLIP Y I SCH% B, E 17 42 i “Patch-to-
Patch” Rl 2 TRAE AN, 1 35 15 5 1 X3/ AR IO
FEHEGN 1o L4k, HG-RSOVSSeg (Huang 45 , 2026a)
A 3 J2 B R BE R I A A 5 1 22 2SR A R
e, gE— L un e T BB TEAR RGN 55 B ARORE B
1Ml SGSeg(An 55 ,2025) NI ) —Fh 7 | 5w, id o
— YRGS ) S i A% A M RO e Pl g BRIz Ak
RE 70 %, DT A T8 B T A 55 4[] P B AL
i P

O fife ph e i A TN 25 ik A B 2 ) 8 S
R SO ] R, — BRI ST BB T AR
A S5 HMINZAH . SCORE (Huang %5, 2025¢) 3 1
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T s RSORS00 70 H b A SCBEAE T e 4
& Ja 5 X3 R SO SRR IR A X5 T
P58 AR ALAE 25 8] 2345 2% 5 19 H AR s TACOSS (text as
supervision for contrastive semantic segmentation )
(Zermatten 55 , 2025 ) fif W) SCAR G G 5 Mg 42 T 1
SRR AR R K R 1L F8 BE ) ; KG-OVRSeg (Huang
A5 ,2026b) )5 | ARIRETE i d A ) SO 5 1
(ATIPSENE SRk Al o P 11/ /NI A VA T R U
Be 5| A& T SLIRVE -

T g o i BB bR T RO B Y 1) R
T2ASeg (Wang % , 2025¢) 5 LandSegmenter (Liu %5,
2025b) FRER T T SO BB A 7 e b B o
55 W B IR S B AR RE 5 S Rl 5 RN

TE B R B0 A E & 00 # e I, FreeMix (Wu 4%,
2025b ) — 2 I T 23 ) T 2R A 22 T )31
@ 3k 37 1k (open-vocabulary domain generalization,
OVDG) ; RemoteSAM ( Yao 45 , 2025¢ ) #f £ 2 i 34T
55 G — THRAUERE B 0, O 5t 1 52 R4
DHREE ST o BLAL, Dot B SRR T S R Y
K, SkySense-0(Zhu %5 ,2025a) #4131 415 ZH5 40
PRTE B9 Sky-SA A, 315 1A LABLE A s B A
i 0] 5 e 3 1 U AR 4 1 T8 SO0 55 50 S5 GeoPrior-
CLIP(Liang 45, 2026 ) Wi 1 i BRI B A A5 )
BT 1l PR3 b Se 56 B TE AL S Jn 5 45, Wl 25 1
SR ASEIRS iy 0 S 2 AR

ST IR 7 AR 2 TURE I P IS 1
2 R PERERS 5 A M D7 ¥R 18 2 i AL, S Br v
332 PR T T 1A BB . 15, IR A BT A7)
M PRI LR AR ZRPARTE , BI85 1 IF i)
O3B AR REARAR I AR B F b s LU, 1) P P 2l
RO HE R AR B 5| ke JOMEVE I S, B B AR AU 5
T SRR SE R TR N 2 B 1] e ABE il 26 001 e A A Y B
5, T 7 R s R R Bz AL . B
b, T 5 I ZRFERE 23 A 22 5 B R A 0 17 5%
I, 8 SRS ) B A 1005 TR, G A R
14 b BRI B 1 Z R AR 2 TR

ORI UR RGP - R R B e —
T R A TR S ) S sl S 1 =X
J R 3 ST TR o3 B A o — B PR 7y 3 IS
A TRIRES S A LB A R 2 ) P15
DCHCRE J3 , I 51 A H A A 50 Bk Bl 455 284 (41 SAM B,
DINO) #2 B JLAT 5 45K Se i, LATR AR CLIP 2545 4

385 2 TR K Jy 8 7 0 P SN o
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Fig. 4 Remote sensing open-vocabulary object detection and

visual grounding methods
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Fig. 5 Remote sensing open-vocabulary change

detection methods
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Fig. 6 Comparison of closed-scene change detection and open-vocabulary change detection
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