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Advances in open vocabulary perception for remote sensing images

Li Kaiyu, Cao Xiangyong™, Jiang Zixuan, Meng Deyu
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. Over the past decade, driven by the rapid advancement of deep
learning, 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 closed-set assumption, meaning that

models can only recognize a predefined and human-annotated set of fixed categories during the inference stage. When con-
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fronted with highly complex surface environments in real-world Earth observation scenarios, dynamic object morphologies,
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 it inadequate to meet 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 to general-purpose perception models. By mapping visual representations and natural language into a unified fea-
ture space through contrastive learning on massive image-text pairs, these models have broken the constraints of discrete
labels. This enables a direct response to arbitrary natural language prompts, a capability known as open vocabulary percep-
tion. While this technology has demonstrated remarkable zero-shot generalization and cross-modal reasoning 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 multi-source heterogeneous data from SAR, multispectral or
hyperspectral, and thermal infrared sensors. The underlying physical mechanisms of these sensors exceed the inherent
inductive biases of models pre-trained solely on natural RGB images. Third, remote sensing objects often possess strong
geospatial attributes and complex topological associations. To address these critical challenges, this paper provides a com-
prehensive 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 pre-training for remote sensing. We extensively review
the evolution of construction strategies for large-scale datasets. We highlight the transition from limited, human-annotated
image-text pairs to massive datasets generated via heuristic rules, the integration of geographic metadata, and advanced
multi-modal large language models. This includes innovative approaches that leverage OpenStreetMap, geographical coor-
dinates, etc. , to produce fine-grained, physics-aware descriptions across multiple modalities. Concurrently, we systemati-
cally summarize the progression of pre-training methodologies. While early approaches primarily focused on simple domain
adaptation through continuous pre-training, recent state-of-the-art frameworks emphasize physics-aware encoding, fine-
grained multi-level consistency learning, and geography-enhanced architectures. These frameworks better capture the intri-
cate spatial relationships and modality diversities inherent in Earth observation data. Subsequently, this review conduects
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
designed to mitigate the high intra-class similarity and complex inter-class variances typical in remote sensing. We empha-
size the shift towards fine-grained local-global alignment, hard negative mining, dynamic soft-labeling, and prompt engi-
neering. In the realm of open vocabulary image segmentation, we categorize the existing literature into training-based meth-
ods 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 foundational 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 tackle 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, where recent studies employ either combinations of pre-trained vision-language models or gen-
erative models to generate large-scale data. These approaches aim to identify arbitrary, text-specified surface transitions
and simulate complex spatiotemporal changes without reliance on massive and costly bi-temporal pixel-level annotations.
We also briefly touch upon emerging open vocabulary applications in three-dimensional urban point clouds and cross-
domain archaeological remote sensing, illustrating 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 criti-

cal bottlenecks. This paper critically identifies the limitations of current research, including the severe scarcity of high-
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quality and geographically balanced training data. This scarcity leads to geographic biases and performance degradation in
data-poor regions. Additionally, there is a prominent absence of genuinely fine-grained and long-tailed open vocabulary
evaluation benchmarks that can accurately reflect the performance of a model in extreme or unknown real-world scenarios.
The inadequate physical understanding of heterogeneous modalities and the inherent black-box unreliability of current large
models in high-stakes 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 towards generative
perception driven by multi-modal large language models. This shift unifies various spatial localization tasks into the direct
generation of coordinate sequences or geometric property tokens to fully exploit the logical reasoning capabilities of founda-
tional models. Second, we strongly advocate for the construction of rigorous, real-world, and fine-grained evaluation sys-
tems 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
deemed crucial for the achievement of all-weather and all-spectrum Earth observation, moving beyond pure data-driven
approaches. Furthermore, we highlight the necessity to extend perception from static spatial analysis to dynamic spatiotem-
poral causal reasoning to decode the evolutionary processes 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 comprehensive review aims to serve as a foundational roadmap for
researchers and practitioners. It accelerates the transition of the intelligent interpretation of remote sensing from isolated ,
closed-set recognition toward artificial general intelligence capable of highly reliable , dynamic, and open-world perception.
Key words: remote sensing images; open vocabulary perception; vision-language models; zero-shot learning; intelligent
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Table 1 Remote Sensing Vision—Language Pre—training Dataset
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RSTeller 2024 1.2M 2.5M 0.6m USA Optical (RGB) Automatic
RS5M 2024 5M 5M Variable Global Optical (RGB) Automatic
SkyScript 2024 2.6M 2.6M 0.1m=30m Global Optical (RGB) Automatic

LuojiaHOG 2024 94k 94k Variable Global Optical (RGB) Hybrid
RSM-ITD 2024 210k 476k Variable Global Optical (RGB) Automatic
Git-10M 2025 10M 10M 0.5m=-128m  Global Optical (RGB) Automatic
GAIA 2025 40k 201k Variable Global Multi-modal Visual Composites Automatic
HQRS-IT-210K 2025 210k 1.3M Variable Global Optical (RGB &Multi-spectral) Automatic
DGTRSD 2025 1,762k 1,762k  0.08m—-153m  Global Optical (RGB) Automatic
MMSAR 2025 105k 296k 0.lm-25m Global SAR Automatic
SARVLM-1M 2025 345k 1.7M Variable Global SAR Automatic
SAR-TEXT 2025 136k 136k Variable Global SAR Automatic
Llama3-SSL4EO-S12 2025 975k 975k 10m Global Optical (MSI), SAR Automatic
GeoLangBind-2M 2025 2,050k 2,050k Variable Global ~RGB, MSIL, HSI, SAR, DEM, Infrared ~ Automatic
MGRS-200k 2025 200k 400k Variable Global Optical (RGB) Automatic
RSFG-100k 2026 100k 400k Variable Global Optical (RGB) Automatic
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A3 e ), O 25 PR o) 24T 55 G5 — 4R p i ok
158 (A e —1E 75 P s 7 S AR T i HH AR A (1]
i T NS T R AR S | BRI T E
P M, BT LLM B MLLM (9 5 ¥ W38 1 4, IF
P B 5 0 B AR Ay T EA T T — RS
R . 1 XA )Z 1, EarthMarker (Zhang 55
2025a) 5| A FHE 5 SR L E $E 7 b R
Ak R P RS ITHi AIR B 0 & SRR TR Ay e 22
AL o Rk b o G EE 5 % AR 4 %, Sky-
SenseGPT (Luo 45, 2024 ) 38 i3 #4 £ 7 55 & 55 K1 A2 0
)38 A TR AL T BRI B FR A0 F O R B B AR
LHRS-Bot (Muhtar 25, 2024 ) I 1] F & J& & H HL(5 B
(VG SEBE SOF- iy 55 IR R 2 2 X 5% 5 B X B
6 5 % e B R = 1 SR LT Y i B, VHM (Pang
&, 2025a) 51 A AL F 0 S I O P TR) 1 B 4
HnstD, i 35 48 FF 858U 76 52 2= 1 550 F i ik 98 %
TEOChat (Trvin %5, 2025 ) B UK A0 58 15 4 ¥ Je 2 it
F W 3], ST 38 B K FE A s EarthDial (Soni
45,2025) i M HET T RAG AT T 2L B
BAGE) S HEX o S EREEH
K 5 1475 1T I Bk K . RSUniVIM (Liu 45, 2024d) #]
FHIE AR AT (Lan 25, 2024 ) #4152 90 18 588 th 4%
bRy 4l SCAR A 1 5 Faleon (Yao 25 ,2025b) % F#% 8 4%
okl I A AR AL T EE S T 14 R AT SS LR
UM R b fT Ak T IR A, Bl i 2 R AT 55
P2t T ARG & e A I B -5 0 4 T
SR RE T o WAL GEHREK S T A A K
W, GeoZero(Wang %5, 2025b )4 Hi ¥ 5 Bl fk 2% ~J
T, AN T SRR (CoT) , 2R FHAE 285 /e 1Y)
L AFIXT SR M I A ol 5 250 3 0 b L 23 ] S A ST

RO E R —iE S O O e B AL T
O TRT BT 3 C 1) PG J2 22 i T A A A A . R

57> B £ i | AR R S S LA X 5 A T
EMR L T 1 8 L B R B . ROk,
UNARTE S — ZRA PN 58 SC -5 BEL B ) PR 57 3L
PR AZ AL , 5 2 Bl 18 R AR Y 173 1) 36 A T
B RE A R

2 ERFMALCEIMES

2.1 EFAGHEMBESKER

FREAY 5O R G B HS R RIE e —i
B WA SFRE ) RO SERIAE 55 . —F 1k
TR S SRR AR AL 25 18] B AR B
DLSEBLTN . 3 ol P51 SC DR R =X A AR AL AT LA TE 5
BB O, BRIV AT B B RS TR OB A5 T A
TCIRNRE ST o PR, 3 PR A 55 AN S 2 SRR o —
T TN G L A S A AR, A8 A 1 SR At A
B2 A RS X RSB AR HEREIE
2. 1.1 TR

2# Z'—‘Jé E.j@ 1[51 % ﬁ:}’%’@ (zero-shot remote sensing
scene classification) 5 7 fift PR A5 A 7 T80 % Il 5 By Bt
R DL ik ) 3t ) 2 S I g PR . A 1 A

TR W2 B REA AT U2, IR 51 AR
B3 i) ) i E AR TR A S A B fE RS
P5E 2% 8] 55 1 SO () 2 [ F) e G 2%, DT 552 R
BIHE ST B BEZE RS (Tan %5 ,2024b) . AHE FL4E
B2 2] IZAT A5 AR T X R R A T S e A4
SR IV X 3 IR AT ) S A BRI A R oA KR B A
TE AR SR B T LS R SRR T R, T
BE—TH = R B Z i, I 3 B T
AR AL — TR ORS8O . TS AR T
Y ZR 10 18 5 AL (U Word2Vec . BERT) 2 BUE Bl 35
SCrw it I3 2 R 0 2527 o] PBCRAE R R R
Bl , ZSRSSC-LP (Li %, 2017) , F) Fl b5 25 15 4 57 1
125 9 1) 26 2 S 7 55 1) B9 WL 58 AH AL E 5 DAN L (LLi
A5, 2021 ) 4 1 AT 35 LA S RO TR DG 1
HRA o SR, SRAL 8 J5 125 (0 T S ()l o [ g HL
Y B2, I A8 R IE SR AR 2 08 H A AR A T
2k, 5 B0U™ B A SRS 551 I8, MELIAE 1EZ)]
I e S PR R 2 B P

Wi CLIP 5 A s —if & PO 2R R A9 I3, &
AR B 557 0 2R M BIF TS ok 1 1) TR R 23
RIS X BEROR G SR RO SCXT L BYX LE
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Table 2 Comparison of zero—shot scene classification methods for remote sensing images

1y AID EuroSAT PatternNet RESISC
Base:
CLIP 2021 69.6% 32.1% 64.1% 65.7%
RemoteCLIP 2023 87.1% 30.7% 56.1% 67.9%
GeoRSCLIP 2023 70.3% 53.4% - 68.8%
SkyCLIP-50 2024 70.9% 33.3% 72.2% 66.7%
RS-M-CLIP 2024 88.9% 25.9% 51.0% 92.6%
RSTeller 2024 63.6% 38.4% 64.7% 58.5%
RS-TransCLIP 2025 78.2% 69.0% - 79.5%
DOFA-CLIP 2025 77.6% 52.3% 76.7% 67.2%
DGTRS-CLIP 2025 - 48.5% 74.6% 73.6%
DALIP 2025 75.6% 64.7% - 72.9%
RSCLIP 2025 86.7% 48.4% 66.7% 68.6%
Large:
CLIP 2021 69.3% 41.9% 71.4% 66.7%
RemoteCLIP 2023 70.9% 27.8% 61.9% 74.3%
GeoRSCLIP 2023 74.4% 59.9% 77.4% 73.8%
SkyCLIP-50 2024 71.7% 51.3% 80.9% 70.9%
RSTeller 2024 66.8% 56.4% 78.9% 69.6%
RS-TransCLIP 2025 80.4% 72.7% 93.1% 86.7%
DOFA-CLIP 2025 75.5% 59.0% 80.2% 73.2%
DGTRS-CLIP 2025 - 55.3% 76.7% 76.3%
HQRS-CLIP 2025 73.9% 60.6% - 78.4%
VLM2GeoVec 2025 77.8% 39.9% 79.8% -
Barzilai 45:(2025) 2025 72.0% - - 72.3%

T UL A B A LML, - 3R RAE B I

house

plane
road A satellite image
of a {object}

Image
Encoder

inference workflow

T | T | T3

BEEEE
A satellite image
of a house

1SRRG RS

Fig. 1 Remote sensing zero-shot scene classification

23] RIREA WG G S AT B SRR X 55 1 fig

(A AR AR S A AT B A Ak R R R ARAATE 5 2031
&7 18] (prompt) Z [ A ARMLLEE , Q& 1 ffs o A i
90 238 B 18 4T, GeoRSCLIP( Zhang %5 ,2024b ) 5
SkyScript (Wang 45 , 2024 ) %5 T4 1 1 78 6 1t 128 &
P SCE s AT R 2 I 5, b 35 1 o R AR X b
BRI 3 5 1) B AE AR AERE J) . RSplitzero HiE 42
(Stacchio, 2025) RGE VAL T 2Rl 32T M 48 5 4=
SRR 22 ) 7k UESESE T DINOvV2 (Oquab 4%,
2024) [ FRFAE 5 HUAS 25 6 A U Y e R R4 X R
HEYEA S Az ACTERE . FEHERLAS Y 1T SCRI Y
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i, £l Khoury %5 A (2025) 48 tH T & 48 13 44 X 4 2
W KA GE T3 A Bk L 48 1 5 1A B R R
M, 1] FH A A 12 I A AR AR 235 FA A o T 0 5 5
ZITIRAEARB I R AR T F KR Ee T 175 2%
R BE , FE 50 UE A 1 I3 s 00 £ 5 s e 228 SR R ARAT:
E N IED NI

X TGS CSAR S ARG S B DL R B A
Fsf 1) Ja PR U 8], B I T RGB Fil Il 2k
CLIP A5 Y [A7 Ifs 4 B kg ™ 0 (A S5 0 3 o X i ok
Tk R 4325 D TG 0 i S5 28 0K T 1) i e
i, HZSCM HEZR (Huang 45, 2025a) %31 1 3 T# 14
R ONAR AR 1 5615 5 2 AR SR N, A3
& IE T M 58— 75 AR 78 A 1 1 M 75 R 45 5 SPECTAL
HEZE (Pang %5, 2025b ) 5% FH Dh b 25 78 18 SR s, 3 3ok o
Y 1B O RGB MG AR Bk b 0, 15 T 25 % FH i)
T Ah B 4% LI 3RE H A 18 AR TE Ik B
A FH 22 30 BRSO 11 () 8L ; Spectral Zero ( Xia 55, 2026)
Mt — 28 5] A KR S A B A AN B T SCHE R , I
T A W3 57 0 24 52 B2 ] 5 6 i R AIE 1 3 SUX 5% o
R it — 20 R A 2 06 1 AF S A SRR AR A B 1 i
Zavras 55 N (2025a) 4 1 F JH PAINT A 4 {5 42 R
U CLIP, J-38 o B A A N R 2R R 26 RRAIE 1
LWL 2] CLIP LS AZS [, 78 SAR EE 7
[l , SARCLIP(Wang %5 ,2025d) 5 SAR-TEXT (He %5,
2025a) 1 1 F 72 A RIS L %o 509 08 A7 TV A
A, BT T AR AR B A A T B S TR A R R
P FEREAR . S . I — 2, Wang % A
(2024b) R T A A 1 5 A AL B O 27 38 8 A
1G98 SC, 8559 BB A i 3D AL HETT SAR 1 B
38 3 20 AAN T Bl 1 B A G2 i 5 L B A )
(3R A% o 76 A BLFL AR 7 G040, Gerg (2026) 1IF 512
T AR S e SCAS PR 38 B AR 0 LA 5 B4
fiE, 05— 5 AR R R R T 9 S 15 4 ek 5 B0
R FREAKLIM o BLAN , BT X RAEY) 7 2 G it
FERCHAT 55 , Jain 25 A (2025a) 1iF S2 A F ] 244 2 1)
Tt — A 7 RRAE 5 SO AR % 5 BV AT S 90 o s e
FEASN S . XA T FERF 8 38 BT 55 b, B P T AR
& BT 25 ] LAl R AR ] e ELAT SR H AR T Y
FREAFN 1
2.1.2 BEREBEHSKER

T R UG SR B S 2 B AR P R iE o
HRTE 5 MR A R B s BR300k i 8 B R UL ek

BB SCAR IR (Xu %5:,2025) . FLI A4 18 J s 1 254G
RAFGT T2 B T4 AR e I 45 5 1 2 ol 28 I 245 11
WG, B ER 5 SO I RRAE -1 L e i 2 3
LR B R A ] SR, 3k A T R S
RE 224 F 52 4 H HAR &L 5k, 5 (U6E
TP ()15 SR JE 2R Bl I — 1 5 AR
B 32 N Z AR R i o u s kA T AR

G X TR R R A 28 S % v T I ) ek i A%
(), — B AF 5 T 1y O T e R AR 3 A7 7 1 2%
(AR B S ot T IR R 2 IR A
AN [ s B B ) e A A SO RN SCARH b 1R
IR AL o Ry T R 55 A DG RE AKX L
=)0, e BBk JE X 5F 7 AR w4 (o
EBAKER (Ji 5%, 2024) J¢ F 2k #F fit 4% iEBAKER
(Zhang 45 ,2026b) ) , H 3% 48 & AE R XS FF 0T, B2
FEREUR T B AR A SR AR LB A ERE AR X o AH DGR |
S [ 38 2 2 AL (Chen , 2025¢ ) W5 1 =5 R4
BT RE A 1) 1 SORH SR EAT S A AL . SR T, 3X
T (AR B S e o3 A R R BIL R A7 7 — 2 1Y
SRy B « AR S B 75 Ay ik B, 1T R RN A B AR
ME DL HEEAE S 5 & B9 R XERE A (hard samples) ,
A 17T IR A A 7R Ak B AT IS PN 22 S 1 ) 1)
Sh P B PR RE AR I A i SO S, — 2t 5E 2435 |
G S 5w kX H 2 2T SR . AN, KTIR (Mi
45 2024 ) Fl PriorCLIP (Pan, 2024) 43 %) 38 5 51 A 4k
S TR P % RN D8 ) s o3 2R S ok T R R A
R 38 F A1 PR 30 5 = o 3 SRR AT s 1) 4
BN R AR EIRTE A B 25 e A T 2 3
BRI . BAh XSRS P AR AL 51 K A TR EAE AR
ME X 43 [F] 8, DCCA (Song 45, 2026b) $2 1 T HA7 it
FEAS T 4 ML 0 4 R 3 L 27 ) 3w, 45 A S5
JTE A KSR AL 51 47 s MITA (Zhao 25, 2024) M| % FH
MRS A2 B A IR S8 XT st 2], B e ol #oh
PGPS T IGomAEA ] B X o3 B . R T il — 2D SR =
T SCRRLPE 25 % b2 20l Sk i B ARZE M 75 , DSD-
RSITR (Cheng % ,2025) $& 11 T —FP 3l & H 728 18 HE
20 ) FH S 245 5 B A SO 28 A SRR 28, DT ZEAIR
YIZRRAR T 5 AR 2% ] BERA 1) &2 Jm il G FR o

B 12 R R AL , IR R AR B 1 Ry A ST
FEORR TR B 0 ) — E By ], @ISR
ik 42 Jmy 5 A5 0 K BRI s (B LR R
MEZHPRKER ., AL, —Sm 5t 7 2R R —
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4 Jay P [ 6 55 09 248 . 5] 40, CLGSA (Chen 4%,
2025d) #1 PR-CLIP (Guan %%, 2025 ) 3 33 5 A Jmy & 4
1 F A AL A s S B R B, 5 AR
Je i PG B 55 SCARIR) 6 22 [] 9 AR E B 5 5 CPPMIN
(Zheng 55 ,2025a) % & 1 32k JEk A4 1% b 21 23 ] Z2 400
FAOECRIRE M R T i K A AR DT R 4%
WSSCN(Zheng 45, 2025b ) F1| F# 6 4 15 1 A fife il 2
T2 X, FGR-GA(Yu %5, 2026) W) 38 3 FH1iF 1%
RN A BN 55, 7 2 LRI BOURL 22 T [R) s 24 B R 7R
256 . Ak, RSITR-FFT(Xiu 55 , 2024 ) i 1o 40 k7
(18 ) — DX B0 55 5 — S0P 1 WAL 2 AT PR St
TR o R X B AR AR AR RS T
B VP HE A, B S HIPEAT TG I 3550 52 A% B2 1Y
2 AN = S (O 2 e = W e NS R EZ Y A T
T T AR e OE IR R S AT Y 3 RORAR B A
BRR RGN RICEN LR KT G . W%
BRI, SGPD (Zhao %5, 2025¢ ) $2 H T —Fh i it
SRR R R R, BEERRBCR SHEZ
[ HRUAS-P- A

T THD0 FLSE N T B 2 2l B8 5 22 JZ 90 L
A, B R )32 AL fiE 1% W 32 FR o UrbanCross (Zhong
85 ,2024) -0 T AN [R] [ Gk i S5Ol ] fr) b 2 A ]
L FE R R B T s P RE S R R R T
SIATHGE LRI TBIE . i T PP TR
XoF 1 SRR A BN SRR AE A I 1, — BB oY 24K gh A
$E7R T2 (prompt engineering) 5 5 HLJk i 14 5 Hs
o Sun FE A (2025) $E i TR S5 48 TR I
o IHL S O o SR oy i A I AR S 4 Ry
SRR, ARG s R 6 22 RUBE B AR 0 FRAE 3 4K B
Fo [RIEE, Ry 1 SR A ME e 50H A 7 3 25 (8] B 5
FERBLEE FAYA L, LuoJiaHOG (Zhao %5 , 2025a) %
B RO TR R b FRAR S B AR
SCAHE IR | by 56 R ANALE X 55 i 3832 Ak 2k 7
TR S
2.2 ERAMIRCHE

128 J% R A 4 ) bk SOOI 45 35 ) 35 il 400 B2 AT
%, B AR RAGAR R o Tic HL A W A b sl 4 B
(R SUPRZE o ARS8 I i SR 15 43 51 22 el T e 3 PR 42
Gz b, B B Re 1RO I 2R 4 v B S
5], SR, B R A = sh S S A
A T A () SR A 5 L M B B 2 K K
TR NS TUE SCE B SR B, 3R] 53 1

B jemykin oy
LB SR
( TPOV-Seg. FarSLIP&E)
3

B F
( SCORE. KG-OVRSeg#)

SEXPERIG

Sy
( SkySense-O. GeoPriorCLIP4§)

_)‘ AN 53 MR
( SegEarth-OV. SDCI%)

U Bty b sz
e R FREN

CInstructSAM~ GR-CoT%)

FABEEREAL

(AlignEarth. MM-OVSeg&%)

segmentation method
P2 &I RO EHR A7 ik

Fig. 2 Remote sensing open-vocabulary image

(open-vocabulary segmentation ) Wiz 1Az o %A 554K
FE AR H R TERRIRRE Ty, B TEMREAT B SUAR 2
7 EER E R (seen) 5 R HHT (unseen) 28 #1745
RYEN G502, 3R . HIR)ZZ 8 TE T H
FHALDE - 18 75 B Al AY (40 CLIP) 78 1 5 & SCO6 |
i oAl B RS LA X 5 A (] 4 0 B 55 A 1R
25 SURRRIE B AR BLRE DEFC R) 8, AR 48 B S
3e ST IR 3 T 58 07 1k n]RLIG 23 D W 28 <
THB53 0 VB G AE VI 45 (training-based ) {7 1 5 4
Y 25 5% 4 bR 1 (training-free / annotation-free) f¥)
Titko

house

plane

Text
Encoder

A satellite image
of a {object}.

road

cropland
T | T | Ts ke
LTy [T |1 T: IT;
1y 5Ty |I12T |l 5T 1, T
Image 3| |nem st |laTs| o [naTi

Encoder

Patch Token

inference workflow
SRS o I B R

Fig. 3 Remote sensing open-vocabulary segmentation

ST YNGR 12 R IF BRI o # y ik, Ho o o)
ML) A 2 S Al 28 1) 04 R A 328 Ja o ) 5 B A ko il
FHADE—18 75 BB TR 8 TR R0 | (o L ARAIE
23 (] 76 A4 X BT 70 28 ) R AR AR 1 e ) iy [ s, 3
Pic e JER L A A B 55 LA R o B X e S L )
JE B AR Ak B 0] B, Cao 55 N (2025) 45 HH e 7 2R 6 4
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=HF, BRE, BEE, 2E8F
12 2k [ R AT Al iA)C R AN i R

RUEE AL, i G 2 5 M R IE T 45 6 2 RUE
BU A T e 5 REAZSIE L3RR . HIRE
H AR MR 5 3 IR R ) R S0 3 V), — BB AR &R
TR AHE LA Rl 38z A PR 5 1 R S e )
1, GSNet(Ye %5 ,2025) 55 RSKT-Seg( Li £ ,2025a) 1
KR R i 2% , 38 FH CLIP 5 7 8 Bt I
W SR 25 %) R B A R A 7 4 BBCREAE , O3 i) A
W5 352 T ] A ] 3R 3R W S5 3 22 U R AIE il
4 3 AerOSeg (Dutta %5 , 2025 ; Dutta %5 , 2026 ) ¥ SAM
SIAYNZRFRE BT T8 R B e, LABT 1k R AiF

2025b ) $& H AT AR FREIE IV 5 -5 S8 56 7 ABLE, ]
FHRRBE DR SR AT P i /NS M 22 55 o A A0 1
XK} FF 71, TPOV-Seg(Zhang, 2025) 5 A5 E XA
RO A 25 D 3 & 18 8 H bR ) SCAIE SC, 4l 2L SC
AR BN ) 2 7 SJH SR FarSLIP (Li 25, 20251) | 45
AR B ZEME LS E IR CLIP By S BUIE , SR 42 1
“Patch-to-Patch” Jay & 28 MR HE 4L, I 35 B 5% 1 X fl /)N
H A5 0 B E 501 71 . e 4h , HG-RSOVSSeg (Huang
45 ,2026a) 38 32 43 )2 B AL 00 REAE A AL 2% I 2 RS R
TERG B, #F— ik

11

A0 At B b B2 AL RE J1 K o ZoRI(Huang %5,

F3 EREGIFHIRICIEX ST EITLE

Table 3 Comparison of open—vocabulary semantic segmentation methods for remote sensing image

4y LoveDA iSAID Postdam Vaihingen UAVid VDD UDD5
FETFINEHFE:
Cat-Seg 2023 36.9% 21.7% 47.1% 29.1% = - =
OVRS 2024 28.7% 39.1% 27.5% 33.7% 25.2% 37.3% 39.1%
GSNet 2024 29.3% 42.0% 26.5% 35.2% 25.4% 38.1% 40.1%
RSKT-Seg 2025 32.5% 44.0% 34.5% 37.2% 28.1% 41.2% 43.0%
SGSeg 2025 26.4% 42.3% 32.5% 37.8% - - -
FarSLIP 2025 34.2% 18.7% 47.5% 22.8% 40.0% 40.8% 44.8%
ROSS 2026 - 40.8% 30.4% 34.0% - - -
SkySense—0 2025 38.3% 43.9% 54.1% 51.6% - - -
SN SRBAbRE A Ik -
SegEarth-OV 2024 36.9% 21.7% 48.5% 40.0% 42.5% 45.3% 50.6%
RSCLIP 2025 38.0% - 47.4% 28.9% - - 50.8%
SegEarth-OV-3 2025 47.4% 27.6% 57.8% 60.8% 54.7% 64.5% .7%
AlignCLIP 2026 39.5% 23.6% 47.9% 34.5% 44.4% 48.4% 51.8%
Sosa % N (2026) 2026 38.2% 21.9% 50.2% 40.6% 443% 46.8% 53.8%
ReSeg-CLIP 2026 - - 38.3% - - - 432%
SDCI 2026 43.7% 46.4% 47.5% 50.1% - - -

E L A R B LML, = s RAE B

T BRI AER R RN T RS . T SGSeg
(An45,2025) W4 Hy —Fp g | 5 ms  Jl o — SR
S5 1% G A i R AMEE T T s R v AT H IR 2 AL RE
A, DT 38 T 97 A 45 1 () B £ B8 A 78 1 3 P
PR o Ay ik e s B Y v K a7 1 28 )8 S
bR SO R, — SE R SR 2D G A T R A4
A 5 HIRZ 3 . SCORE (Huang 55, 2025¢ ) 5% 14

T Hyse R SCHE SR o ) vh i OB FH 8
42 JRy 5 X R SO AR B A AKX T
P8 AFARAE 23 [8] 7345 45 5 1% H #5 ; TACOSS (Zermat-
ten 55, 2025 ) {5 Bl SCAREIC A 1 5k SR W48 T T 5 B
FE bR K R 01T #2 BE /1 5 KG-OVRSeg (Huang 45 ,
2026b) W51 AR R 1 38 5o dE A | i 5 R
BT 6 F AR A AL B, efi 1 ST ia) i DT
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Pe 5| A& T SCIRVE o THDR 8 BT i R GOm0 A 55
e 1Y [A] A8, T2ASeg (Wang 45 , 2025¢) 5 LandSeg-
menter (Liu 5% , 2025b) ¥R T 3 F 304 58 B & Wt
+ b B 56 S BN S A S SRR
W& o TE SRS ME & & L, FreeMix (Wu 55,
2025b ) it — LA I RN 43 E) 1) B4R Ak 28 T i)
437 1. (OVDG) ; RemoteSAM (Yao %5, 2025¢ ) 45 £
FMGEAL 55 58— THRAERB I HIE A 1 55
T FARATRRE ST o AL, S A i S
KAEAI Y K 7, SkySense-O(Zhu 55, 2025a) Fy T 4
QR NG UBRTE 1Y) Sky-SA BHE 4R IR 51 A L3 Ay
O B A D D) 5 P i 1 DU Aok 4] 1 ] SO0k 5 1
GeoPriorCLIP (Liang 55 , 2026 ) 1| 18 12 b 2 g R0 5 45
A ) RPN 1 VR I P 0 TR AL 4
i, R R TR RG] bl A 0 S 2 )RR

RAEFET IR I V57 Z2 IR P B T
WERPEREI o5, (E N T 208 2 i o 4, LS Br iy H]
AT5 32 BR T 1 1A SR o B 5, 2R AR BT A
MRS IR I Al S S A AR R R T, 1358 T IR A
53 #) B EREARAR T LA (0 H AR o K, R A AR K
I O BE RIS BRI ) 5 | & ROMEME s, RIS AR AE 4
R R R R I 5 ) o AR A2 01) A A Y B
By, T 1 X R BRI i3z A 0 . it
Ab T 5 YR B RRAE 43 A0 25 55 5K 0% o ) 55
I, 4 I A B B A UL IR BT, Hz A s e 1
(1 1 BRI B 1 AT A 2T

SANCAR AR TR PR TE MO - d5e AL O B AL o
— i E AR AR T A TA] Sl R e b T
O R ST TR o B Y o) — B BRI 52 %
020 TR VR 25 I i B AR LA A T T 2 ) 18
SCVERCRE Ty, I 51 A HAb AR 58 BE RIS AL (4 SAM &
DINO) #2441y JLAT 5 4544 Se 55, LATR AR CLIP 25458
55 52 000 B Jmy &8 A b AR AR o B X CLIP ¢ fik
Pl 3 FE AR HAFAE 2 R O S B0 300 SFORLAR ] L
SegEarth-OV (Li 5%, 2025f) 5| A Jows Ja VI ki) 2R AE
AR 23 AV, T4 J i 25 28 il A LA B T
JRERIE AR B, X — AR R T RS TAE,
RSCLIP(Wang %, 2025 ) 3 15 418 38 1 B fn 22 3k &2
RETER LS, JE— D98 1 X% CLIP R AERY
PRYERE F7 5 1M AlignCLIP (Liao %5, 2026) W3 i 4 5
X S I SCASARRE G 18 AL D Ok 2 figh 5 A AN DL TG
[l Oy 1 k0 a A as [a] 1 A, R ] SAM S5 A 1Y

P R A 2R TE MRS E AT 5 S R — R R
£ . ReSeg-CLIP (Heidarianbaei %5 , 2025 ) 7£ CLIP #i
WIS A I 2 ZE G g SAM A iU 43 )2 T
FIHER , TR R RO B 290 T I k&
B, Text2Seg (Zhang %5 , 2024a) Z 45 PEH L 8 T
Grounding DINO (Liu %5, 2024¢ ) 5 SAM 45 3L fit 4 1
) 2 Fh BRI T 3K A R GRiioK R i R AL T 4
48 S, SDCI(Wang I Ni, 2026) Il £ 4 7 —Ff 3¢
] 38 SUBHAIL] , AERRIE SR IO Bk CLIP (i L
DINO [ &5 # A TR ) 28 B, FFFE 4 R s 1] FH R 45
RAM AT AL S0 T R B LA B 1 7 301 B
Bifk. LAk, B MLLMs B9 &% B , B 2484 PR 0t
LA E AR o InstructSAM (Zheng 5 2025¢) PR F
VAL G BT B (A ok 0, 5 i A A MLLM i 4]
B AR 260 AR AEME 580 I A — 2
HE RO Y B 2 T 2% A o AT RS — R 28 DT RE .
SegFarth-OV3 (Li 55 ,2025¢) W B 248K T o —1%
() SAM 3 ( Carion %5 ,2026) , FI| F H: A 5 () 47 ZE M K
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