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Progress and perspectives on large models for aerial remote sensing intelligent

interpretation
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Xi’ an Aeronautics Computing Technique Research Institute , AVIC, Xi’an 710000, China

Abstract: With the proliferation of multi-source sensors and the rapid progress of multimodal data fusion and intelligent
interpretation techniques, aerial remote sensing is evolving from traditional single-modal perception toward multimodal per-
ception and understanding. This progress provides significant potential for intelligent monitoring and decision-making in
precision agriculture, urban environmental monitoring, ‘ecological protection, and natural disaster assessment. With the
rapid advancement of Earth observation capabilities, multi-source remote sensing data—including optical imagery, syn-
thetic aperture radar (SAR) , and hyperspectral imagery—are increasingly characterized by high spatial resolution, multi-
temporal coverage, and multi-dimensional richness, offering a solid foundation for fine-grained land-cover identification
and dynamic change analysis. Nevertheless, traditional remote sensing interpretation methods, which rely primarily on
single-source data and single-task learning models, struggle to cope with the complexities of real-world scenarios, where
object scales vary dramatically, semantic layers are rich and entangled, and spatiotemporal heterogeneity is strong. Such

methods cannot adequately balance holistic scene semantics with local fine-grained details, limiting their capacity for high-
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level semantic understanding and comprehensive decision-making. Compared with satellite remote sensing, aerial platforms
—typically employing unmanned aerial vehicles (UAVs) and low-altitude aircraft—offer higher spatial resolution and
greater observational flexibility, enabling tasks such as fine urban modeling, small-object recognition, and emergency
monitoring. However, these very advantages introduce severe scale variations, highly complex backgrounds, and inconsis-
tent imaging conditions, which make it extremely difficult for conventional models to capture both global scene semantics
and subtle local textures simultaneously. Recent advances in deep learning and artificial intelligence have transformed
remote sensing interpretation from manual inspection toward automation and intelligence , achieving notable results in scene
classification, object detection, and semantic segmentation. Yet single-task and single-modality paradigms remain inad-
equate for fully exploiting complementary information in heterogeneous multi-source data, falling short of supporting the
high-level semantic comprehension and integrated decision-making required for complex applications. The emergence of
multimodal large models provides a transformative pathway forintelligent aerial remote sensing interpretation. By integrat-
ing visual encoders with large language models through instruction tuning and cross-modal alignment, these models can
jointly perform image understanding and linguistic reasoning, achieving breakthroughs in visual-language fusion, cross-
modal reasoning, and task-instruction-guided analysis. Within the remote sensing community, researchers have begun to
construct large-scale image-text datasets to train vision-language models and employ linguistic guidance to enhance the com-
prehension of complex land-cover semantics, marking a critical shift from purely visual modeling toward semantically aug-
mented modeling and laying the groundwork for the subsequent development of multimodal large models. A systematic
review reveals that the evolution of remote sensing large models has followed a clear paradigm progression: from early
approaches that relied solely on single visual modalities, through vision-language models that introduced textual semantics
but were still confined to specific tasks, to the current stage in which unified multimodal large models enable cross-task col-
laboration and complex reasoning. Despite these promising advances, applying multimodal large models to aerial remote
sensing still encounters a series of formidable bottlenecks. The substantial disparities in spatiotemporal references and
radiometric properties among heterogeneous data sources such as optical, SAR, and hyperspectral imagery render cross-
modal alignment extremely difficult, often giving rise to semantic misalignment and information loss. The fine-grained spa-
tial structures and multi-scale objects inherent in aerial imagery impose stringent demands on spatial cognition and multi-
scale reasoning, yet general-purpose large models frequently lack sufficient domain-specific spatial priors to accurately cap-
ture geometric and structural relationships. High-resolution scenes impose massive computational and storage burdens,
making real-time inference on edge devices highly challenging and failing to meet the stringent timeliness and generaliza-
tion requirements of time-sensitive tasks such as disaster response and UAV-based inspection. Moreover, the black-box
nature of model decision-making leads to insufficient interpretability and trustworthiness, hindering deployment in safety-
critical scenarios, while data privacy concerns have become increasingly prominent within distributed collaborative learn-
ing frameworks. In response to the outlined challenges, this paper systematically reviews recent advances in multimodal
data fusion and large model technologies for aerial remote sensing, tracing the shift from single-source to multimodal inte-
gration. Driven by large models, remote sensing interpretation has gradually evolved from low-level perception to cross-
modal reasoning and semantic understanding. Nevertheless, substantial challenges still remain in multimodal alignment,
spatial cognition, task reliability, and practical deployment in real-world scenarios. We analyze cross-sensor fusion, high-
lighting that disparities in geometry, radiometry, and acquisition timing among optical, SAR, and LiDAR data severely
impede cross-modal semantic alignment; despite advances in vision-language pretraining, high resolution and complex
backgrounds often degrade alignment accuracy, necessitating fine-grained multimodal representations through geometric
correction, radiometric normalization, and spatiotemporal consistency modeling. For multi-scale spatial reasoning, we
emphasize that complex tasks require holistic understanding of structural relations and spatial distributions ; existing models
partially strengthen spatial reasoning via region-based interaction and spatial question answering, but a unified framework
for global spatial relation modeling is needed to elevate task awareness and multilevel reasoning. Generative Al for few-shot
interpretation shows potential to alleviate annotation searcity and support time-critical missions such as disaster response.
Regarding trustworthiness and interpretability, hallucination in large vision-language models is exacerbated in remote sens-

ing by peculiar data distributions and insufficient instruction data, thus requiring domain knowledge, task constraints, and
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dedicated evaluation systems to enforce reasoning consistency and reliable high-stakes decisions. For efficient edge deploy-

ment and privacy, high-resolution large-format data impose heavy computational and storage burdens; lightweight networks

continue to emerge, yet trade-offs among real-time performance, stability, and complex scene adaptability remain, making

model compression, inference optimization, and hardware-software co-design critical, while federated learning offers a

privacy-preserving mechanism for multi-source data integration. In summary, addressing these challenges is pivotal not

only for advancing theoretical understanding of cross-modal semantic reasoning and multi-scale spatial cognition but also for

enabling the practical deployment of intelligent aerial remote sensing systems in high-stakes, real-world applications.

Key words: aerial remote sensing; multimodal fusion; visual-language model; large model; semantic comprehension
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large model

G5, 2024) s EAE SR, 2RI KB AE 4t — AR AE 48
RSEHL T AT 55 U IF) S R AR A B AR T 9 ER T (Wang
45 20243 Zhang 55, 2024) . S IL[EE, fi 2 8 B
SRR | I 225 SAEE 5 A s (R 254 Bt o3
HERAFAE 45 2208 KA AL 1 FH 3o A% v T i 8
(B , A8 B A 0T 5 PRIME 2 [ AN BB ) AN 2 LA
N T AR A5 ] 8 (Huang %5, 2025; Yang 45,
2025). P, A L2 R G0 b L RO A PR
P 2RSS AR, DA HL B AR e k8 R 5 o6
e

FEULTS 550N A SCUL S A BRIR B A8 4L
RGREE T A 1 B RE AR 12 A T e R OBk
o RSO TR R B AR L, ARG T
BAPFALSE AL A —IE T G DL N RS KA
A B R K4, TS AT T RS R AR AR
i FHARAERE 7 WAL AT 55 35 i MOCHE S R
SET MR R 5 Rk R S5 A A T RSP
I R R 2D B S T I ) F2 PR A
Gy PR R R T 205 A S s R — 2
A R ) Rl XA 3l P DRSS 78 5 sl R TR 2 ] 1
18, DL K T ] B SEAT 55 5 8 v 8 AT 5 AT iR
PEIREL

1 KRR BEM =18 B eI 1Y

it

FESRRRAN

| EERmRE
BERHEREY

=L

A AESEE

P2 ARy 25 3 Y DI IR]) STk
Fig. 2 The collaborative contributions of various large-scale

models to aerial remote sensing

H5NA
1.1 BFEMEEE

2 3 B AR BLAT s ] 4 B e )
SER LA K H bR R 22 53 1 25 45 URVERAE (Zhang 45
2023) . AH Lb T3 AL 18 JE 2 IR o3 FE 3 R (i
45, 2025;Zhu 55, 2025) , i % 3 GRS B AL BT ARG
A S S LR 5 B E R BB R TR TUAY R
5 DX 4 RIME DL BT s TP 2= 5 I, [l Gk —
TR 38 B RE R PR A ) AR PR AL AR
2%, BRI F BG4 B it AT A sh o, oz |
P 2 S BT 1 40 ) JER RN S PR . LT 18 BOAR
PR BN TR EERRAE T BE & VR 2 ) HR 1
DL, B — B 5 2 EASEIA T FR A% 48 Tk B ) D
BRI B AR B T . LA R 2 R 45 R 1R Y
Jr i RENE i 2 R AR LR VESS K A B 2] A ISR AE
TEY 50726 5 i 55 1 1 S5 AE 55 vh 3 TE 5
Ji ik (Wang 85, 2022) . BEEWFFEIITRA BB 254
AN R DA I G AR h R AR R 58 R A
(RE L, 22 ROBERAIE R A 7 I CHNARAE & 238 ) 95|
AR TFEASFRE B AR RAERE T, [FIB & T
il 388 3 A O X e 1 BRI TS B B e TR
FeYys T RRRAE RN EE fr o e s AR, T 1) B
155 RS RLEE AW ek . 9, 78 B BRAS AT 55
i, DL YOLO S ARER B B Be A I HE SR, A K 25 451K
A28 AL AY (41 Mamba ) () 20 77 2%, 8 2 358 22 R
JERHIE FRAEBE 1 5 K B 2 (A ROl AR B 0, A A%
T T Z AT 5 2 RE Bbrdg s 0R0RS &
(Guo %, 2026) . 5 IL[FHIAT, Transformer 2244125 i 7
FH T 38 S AT 55, DU HAE AR ARSI S5, 368 o0 4 7
5 B A AR IR 22 8] ) 42 Jm) SR I 6 2R 5 B 22 AL
B a7 AR Ak XSRRAE A A RE T O — e B
P T AR A R B T (Wang 45, 2022) . iX—

© [ KR E L AR AU



BREE, FWE, X, REE, 2R%E
AEBREM T ER T EBINERSEE

B Bt AR LUAT 55 PERE N e ) RS AR 3 25 R
o3 BV 55 B b 3 R | R A AT A o S PR AT:
%5 R LPE e, = G —RAERE T

Bt 5 A A 5 B3 K I B T, SRS A B
R A ) KRS Gy 2k . 3 T 1 Jek
B A ) 0B e A AR AR AR 4k HH B, ) 20 RingMo A5
RV i [ W2 o) B B RS e ) il FH e 2
fE 7 28 T UFAT 55 TP R B B G058 0 1k 5 1 i
P (Wang &5, 2025) ; RemoteCLIP N3 i 4 — L 5t
FAEZS [ A, BTt TR TR 8 IR 37 e oS (ISR
BKER DA 2 2 AT 55 h iz AL e T (Lin 48,
2024) o XHAEARUNTFE S8 —AT 55 A 704, T2
L TYN T SIS — R AE 2 2] - REAE TR
BF S48 L BARARI |1 U 5 AR oy T A 2 25
%5 (Chen 55, 2026) . #H LUHT— B Bt LI5S s
RSN T, PSRRI 7E Rk e 5 i 1k g
LT R b A A B A AT 5
9K By ] AR BK BN 1 4 AR Ol e sk 2 RS R S 45—
HARBEE T LAl

AR | PR B HEASAT) SK 32 B0 B AE AR
B SRR 22 TAT , 6 S B 7 % 8 s — 5 1 ) PR
PR XTI R R R RS VB | 7 B X A
B SR SRS AR B, PR R A1 10 2 T % (Sun
4, 2026) . [IE, B 2405 5 TS5 /0N H bRAS D R HE
14 ) A, G 24 R REAS BIAR A Ut (Gao 55, 2025; Xu
%, 2026) , WUHASOCTEAY R, RIS AR Y far th
23 H SR BR T2 bR 45 5l A [l 1, 5l 2 X ¢
A5 VIR Z B RIARE T . X ERER
Y RS 50 B R (E A R 2 SRR S B AR
1] 56 22 A5y TR RE 0 A PR, XME LA P 23 5% T 1
T SCHEFI TR SR (LI%E, 2025) ., 2T FRERAE, BAJH
PRbE AR B BEAS 3G _E AT LS5 R DUBRANT 55 M AZL
() Sl PR B o T B BETE 38 SR R 1 43 2 K
5oy BIAESRIT 55 LS TR S HEE &2
WS SCHER 5 52 2 AT S5 4 B 5 1, A1 A7 76 B 0
M (LA, 2025) . Bl A5 K IR 531 s 4y 3% 2 1)
PR 5 S8 O R W5 R 225 A
HARE SR L, DA d T BRI AR T B . i,
1o B BB RO I DSBS Ao A, 425 30 ] R
We—18 T A T B (Tuia 55, 2026)
1.2 MRE—IEEmEEE

E PALE AN G FAR B B A 3 T R Y A

1 SR PG A 1326 25 DAL IR S ) i P . A
OFBHET AN AR SRR A T 1 R ), i
SR G BRIET LM R 51 RIAZ
] X 55 5 48— g e, ARk, S —iE S R A
FI AR P A 00 38 AT 2 o M 0 e, L v AR e i T4
CLIP 3 i KA ] SO} b2 ) # T e — Ay %
— SCAS IR A S (0], Sy B S 3 A B AL T R i A A8
(Radford 5, 2021) . KEWFFE R ZBRIH A R
U W FREATZARRE T, Ay 328 B A0 S5 11 B A S A 5
SRR T HEE R K. R 1IIE T A E
TR I8 14 AR e P AR | g BEAL 0 L b A8 AL -
T KRBT S5 e BB HE T 325 . A i &=
TR i ABS FIT 55 B Ar, H AT 55 4 e it
FVEDFE AR AU AG I | DX S5l 1A R i 1) 2% H ARAS I 45
FAERT ALY N7 =2 IR R %O LA S
R FHHEAT T (R 2

FEBEIERE T, B 50 I ok e — i S A 5|
NI st S iR AT 55 th o3 28 S5 A0 7 ) 3
VT iC 5 85 B 8 K & 7 46 (Lin 4%, 20245 Xu 5%,
2025). {5, RSICD il 46 0 i SR KSR R AT 55 42
PE T FREREE S (Lu %, 2018) s E—2 b, &1 Xt
JEAT R E A B A7 41 RemoteCLIP , 38 4+ 12 &%
B SCECE AT PRI 5, AT BB T T B AR A 3 By X
GRG0 AT S PRI (Liu 55, 2024) . A BFS
HE— 246 FE SRR R R e e — TR SR
B Y 253 b gl 37 e RAE 518 UAF B 2 ) B A
BXIFFRFR AL T 18 SRR 1 B A 2 1)
), ) B H 5 T B A AT 55 b B T RS R
5 CHLRHE 1 (Xiao 5, 2025) . X SEHF5E £,
e —1F 75 Rl TEAE B R 8 SR e iR i Bk e
Jinl .

SR, 5 H ARG L, 18 B e —1E
XF 5 AR G O B A kR . A iR AR A
ARG RS A 5 25 K SCERIA G SR RHE
RGNS A SRE T Z AIE LU SRR AR
KR (I, 3 B4 I fife = RIS o8 It PR SCC )
BE 2 T —E AR IR 5
7 Ak fiE /1 (Cheng %5, 2026; Lin %5, 2025; Yang %5,
2024; Zhang 55, 2025) ¢ 3R 200G T I AR K M 25 &
TN — 1 T A RURH G Y B R R A | A0S B s
B PG RCRE AT 45 280 K = BN I 30, B ke
U B IR R S AT S5 IR R 0 R T R R

© h[E KR KL AR



PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

1 RBGEEBAMSEC S
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Table 2 A survey of aerial remote sensing datasets for vision - language modeling
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1.3.2  ZHEEX 55 SRR FC AL

LIS KA SIS Z AT 55 48— AL i) O Bk
TETHIRJZ B FEALH S AL . E o, fE 2
AN S5 5 T, BT T B A A RS =2 ) iy 1 L —
SR [ B ] o e e R A 1) LT RS S5
F25 . B, CLV-Netil i 18 L — Bt 5 R R —
IR A 2B, ST A R SCARH IR 22 T
¥ 40 %} 55 (Zhang %5, 2026) ; BITA J7 32 W) i< 3 [y

Bt o2 ) A A BB, B T 18 R R S AR
Z R ESELS —BPE (Yang 55, 2024) .

LUK B X6 328 % TSR A RS AT B S B840 o A
22 5% WS I, BEG A B T 2R S HGE AGE
i, DR TH KR AR 24155 50 T iR 5124k
RET . Ho, T L 50R A HLHI (mixture of experts,
MoE ) i) 7 338 13 B A5 40 Bl AT 45 4 56 TSR | SEBLAR
RIS SRR Z B . B4, RS-MoE 5] A
6 4 8%t HIL (AN [R) & GRARER 43 3] T 1) 5 5 A 55
PEAT 2 5T ) W 48 T2 AP BE (Lin 45, 2025) .
BEAN, i b R 5% st k) 32 1y ) T SRR A 7Y
WA . CLIP-MoA i i 2238 Bt 2% il L i 522X
PE AT 55 AR 2 5 G AR S (Fu 55, 2025) 5 LVM-
StARS | R FH 5 e 5 W , 7 3 A% 2 508 3 I 5 1Y)
[, 5 0 AR IR B IR A5 2R A% E 1 (Yang
4 2024).

BEAb, AR TJE 2 8l B 80GE i Jr ik (An it
TEA SRR ) R W4 . AR R, 6
TN S BN LR 2R, 308 3 i) e T () 328 SR AT 55
(R RNRE AR B B BE Bh A8 5 | A5 Y B AT 45 AH G
(556 15 L, T LA S5CHR T 22 A28 A R 1 Je
G v 385 B R S HERR R RE . (Li %, 2025) .
ZAGAN T 15 e A0 B 43 500 T ) FRAE — 30 5 A
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RO B S RS R R 7 18 R A 55 TR A AL

1B AT LA
1.3.3 HErgHm S5Easm

RS FABE R ML 25 388 SRS i) o7 FH IF Hhy 54
F AT 241 55 W Inl 5 & 2 50 s AS . 7EAR 4k
R H BRI 5 i o E R S5 h, EAER
SR T 2RISR A TERHE R IR 515 PR I 1
A (Pan %5, 20263 Tao 55, 2025) . f#l41, MGCR-
Net A5 AU 38 1 WL 0 —18 5 B A ER A 5 R 45 i 2 0, 52
LT AR LA I v AR T A B SRR A, A
M5 T 2 22 5 T A8 LR AE . J) (Wang 57,
2026) . FF 2 U5 A AR AT 55 , Popeye 15 AU fiE
i 55— A HYG 24 5 SAR A5 AN B S EE , - [Al A 2
FEACOPHE e FAE SR R G HIAFE 2 FibriE e, %
W] Z2 TR TE 38 A0 S 0% 1% e AT 55 A AE 42 Fry R
il , 1) B RS | BB AT 55 (ARG AR SR U7 1] & B (Zhang
&5, 2024), BUAR, TEFF IO SR BRI, SPEX R
PG — 1 5 AT i 28 0 i SR Py B AT 55 (Si
4, 2026) , 38 1 F4 BT 0] 48 A 9K 3 i B s 41 45 52
HAESE SELT G482 SR T BR R G PR
RIS Z2 B R iy RR G SO S 40 1 s
) P e 2D e

TELEEA -, Z RS RB R 2 7 e 3 854 55
MRIBE J1 o EarthGPT i 4 — 2 5 3 A s 515
FIEA LI T Yo s BUGH A XA A
[R5 B R o A H AR A A5 4T 55 1) 48— A AR 3
AR S R 2 AT 55 R A BE ) (Zhang 55,
2025;Zhang 55, 2024) . 5Z AL, RingMoGPT i i
PRI AT 5545 A VA0 5 K B AR A5
()25 R AR A IR ST S A TR —HEZR, i
— I | R SRR ATE 2155 52— S Th A AT
P (Wang 2 2025) ., MAh, EarthMarker 38 3 @&
SUHE S PR R 5 SOARHE A S T R G X
PSP S g — R 1T T 255 T4
— 3% T AE SR 3E IV BE 11 (Zhang %5, 2025) . FEA Y
S5FYJZ T, RS-MoE il i 5| A & KR 454 5484
B ALE (Lin 55, 2025) , % EGAE 5 9008 [7) 2
55 [ BB B 0 il o 2 TS, AR TRl & 52530
A3 AEWIAT S R T BRIz AR . X
R ZAT 55 R IETE AR G5 T S B = 5
R G I ST DI RE S TR S5 A A FRAR

BA I 22 A, 33 A 80 B T A 1T 11 B 45 2 %) 10 )

&, 0 g E we N L BR BRI 5 R BE T R AR
Remote Sensing ChatGPT 15 Y3 i} 5| A AT 55 #L4] #1L
i, K S 218 T R % 24 AR5 IR B A I T
P T A 55 BRAR—AE 55 0 i — 45 5 O HE R
P, B T R BRI A B — AL P 1) i A
PEHERR S A AT 7 ) E (Guo 55, 2024) . 1E7Z
A PR A S0, Liv 5542 tH 1Y Change-Agent i — 2 25 &
ey ol IRV i B NG P S S | G LA NS B s
AE, SEL T A2 B LR AR AR R W] RS A A
O A Ab 352 2R I e 2 SR 55 14 P [l 4 B BE ) (Lin
55, 2024) . AHCHTSE @AM AL B Z AL 551584
LAET LN L TR N I g I D VAR R R
NG —FRRELR  fEdE 1224k o3 B oh B — 45 R i
1] 224 55 D3 [vi) A 4078 72 (Xue 55, 2026) o BT
F SRS IR IE T 1) B — DO RE Y T R AR
B R HA AT 55 it S HAMEB S A R B G RE
JIHYE REAUHESE .

2 EEMEERKERKSRE

2.1 BOMERGZETHEEREN

X T AR AR 5, 33X — [ oA PR AR 7Y
FURSEY™ T 2% g, S AE 103 5 A A2 2% 1 2 i i
— R . BT AR SRR R D8 G A el
P31 43 AR T (token ) HEAT ERASE | 17 25 18 IS 12
(R 43 W R A E 25 2 token B0 2 RIBE K, AT TE
A 7 BRI DL SR SR L Z D] i 58
PG o FOCHITE TS 18 BEE HA 1 = i
PE5 2 RUEE S5 AR AE , X DL ELEEV A AR G
B vk, T B 2 Ron 2 ROBRHIERL A 5 X
VEBEHLHIPEATIE AL (Chen 25, 2024) . R, 5 40 9%
R ORAT HAE )2 TR D A, (EL [ B, ol Ay o) 24 55 A
W SHEMSCRR EER R,

BE AR, 55 0 B 5 A 0 B A AR BRAE TR 4
PR U b kIR TE B R s B ] g A
MR ELR S, X F/NEFR & A T RAE S BRI
Pepd v, HOCHREE /(S B 25 5 205, NN sZ i H 5
055 U IR B 5 (0 An SRS AR o B AR R A, A
A B2 HI 55 X0 42 Jayils SCAR 200 LA, (AR AR M DAt
1537 5 0 S AR ZEA A H bR 2 (R B SE 2R . ane] 51
R A5 85 4 R b T SO SRS, Bk 3 J%
PR A R (R A0 [R) 22— | I FLIZ n) e /)N B A
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BREE, FWE, X, REE, 2R%E
AEBREM T ER T EBINERSEE

R 25 AT 55w L R 8 1 (Al-Hababi %, 2024) .
W, AR T 0 DG 22 RUBE R A Ry
54 /{5 BRI LA B B X e BEAIL I, o 5230 8
A BRI BT IR T AR5 R Rk EL ] S Y R R RE T .
2.2 ZERMENEA—HEROBEER

i 2 38 JER 1) A A M AL, A0 T AN AR A
RSB RGN, T AE T AS 5] ok U5 85 sk DL AE [/]— 1
NS IRl RRAE R S o TE U 40 R I O 2 I A
T A0 B8 ST BE 77, 22 U5 S 44 ) (850 B0 B~ A5 78 1)
PSR XTFFRE ST o SEBRAT S5, i 2 3 S8 1Kt
AL UL GELTANA K ik A LA S , I H 4h
A TA] — DX AN (] B B3 4 B A 08 T 45 S I e B 5 43
Bro BRI, T ARG AR AN [F] e BB =2 ) A7
FEAR TR L L AG LA A 25 25 57 fEfE S
XHa gk Bhr it 5 s g as i b, oA £
P2 3 B P DG E A A DG T R 4 kS BE Al 1Y
SCHEAE T U RS 5 S5 R RRAE 22 B ) — Btk
117 AE X5 22 U5 %540 19 17 5.8 Jn (Liao 5, 2024; Yang
&5, 2025).

5T RES-E I, UAVAR 2 - & W 5 7255
{FL A it 5 B A0 40 A I B0 9 AR AR RTAR R
A By 5 9 W 5 R IR AR By b 4
1 553 SRS RY BR A IE 5 A AT AS [R] Bsf [i) AN [] °F-
B A [ERE S 80 E (Bazrafkan 28, 2025) . AHGLE
A, UAV—TL 5L 5 ) X000 11 2 il 7 52 s v
Hh TR AR A S T AR L SRR v AR i R
JE BT 6 B0 BE S S B 0T SE DL IS 5 4 — i R
(Ebrahimy %5, 2025) ; [R5 25 @45 07 ik SR REAS
FE—E AR JE L RAN A YOI AN K 1% ) AL, {H HL
T3R8 3k 27 PR T B 23 A IC B TRy AR RE AN J2 DL &
B35 TR E MR T 2 (Lian 55, 2025; Xiao 5%,
2023).

2G2S AR Sy 33— [m] AR ARE 1 S 1) figt e A
0 Bl T 4 — RAEHAR SO 5455484 KRR
K, i Z U5 Al G DRI RRIE DF B B ) RAE AT 55
PrF . RemoteCLIP A5 78 4 H 32 JB A o —15 75 SE ik
R REAE 7 B R ] SO 5 3R A5 5 5 1 3 ST %
fE 1 (LiuZ, 2024) , EarthGPT W3 — 25 R 1 HAE
T 1) /55 73 BE 3 | AR IR s ) DX A Lo () 25
521555 — @#AEE 71 (Zhang 55, 2025) . R, 31X
S 5, DAV T 52 W i, T v JB i SR S AR A
GRGEIRAT IR AN RV AR B 28 B — S I IS S

FEIRBE T, H) W A EE 580 AR AR L AR Z A1)
AN R B s — B . FEA A 1B IR
A5 7 T 22 FTE VR Rl A 45 SR AT S 5 0
A RCE s s RS A A R ST 55 AL
Pt v S D T (A

2.3 @AAEE S SUE R 2 B R84

ENNEA T FoyN . Bilbed i) D St N 353
ETHAES 0 T &I UE S A FEEE T, B
i) — 5 A S AR AR X sk ] 25 L H AR e 2 A
— TR ST 55 . L) BarthGPT MRS
[ RAB e B | S AT 45 5 A VAR, SR RRAS /E 15
o3 R ) s A I 7 R AR PR A L X8R BT S
ZAT 55 P RIAL B, T e D REAR S5 T e B 5 11
ZALBE JI (Zhang %5, 2025) . HIL[RIET, 6T R
T8 5 B (Y BIFE DA A , FLAZ O P 34 T S
BB — RN B, B ] BE RSN 5 A BRI DA 2
A RERE ) 5 = BRI R AR T .

SR, 76T 25 3 Rk , 38 FH 68 1 I A 55 [ 40l 458
PRFFRE T o ALZS AR P I DGR IR R T A0 AN U TR
A, BT IS (B R (23 S8 T 554 G
JRURR: , 330 288 e 5 3 AR I 225 O 5[] S 6 ol 55
TR AR . A5G T Hb P 2 [R] SRR A A A
ST E IR TG Y, P s ) T BE T I B9 A% O Bk R
TR BB T, 7 T AR e | vl ff e ELn] &
(AR 5 2 R M, © A B T S o - 30
A I SRR R 0 25 () AR | 22k B AL IR 5 24
WUA B 5 2% 5 5T 1 ] 5 [nl 28 O T A A7 AE B iR
AN

FEML 2 8 g e 8 22 RS OB 5 s PR
U R Z [ Y 22 8E R BARBIIE 242 0. B,
AT RS TR AE NS 40 25 ) ¢ 3R S TS AE AR AN A2, R
TR AHBE B L o3 AT S5 HL AT B 23 (8] 29 SR ¢
R AEAEELUE SideoE B2k . U BT R
PR 554 55 1R TR S AT HL 3 A BIR , 7F JE it 152 it i
R I DA LA SR b AW T 25 1y Y e, g AR (14 2
REAET EH&—E G, (HH = 550k 3
B — SR . AN, 78 B 435 sk o A AN
Pt T AP ARG 5 S O I 25 SR AN A A A 1Y)
S o A 0 REBEAIL B8 1 5 AR A 253 I 2
“LIBE T IR R A A AT SR Y SC R R 2 —
(Liu 4§, 2024) . L, 7600 25 3 8O0 A, UK
i FH A2 BE 7 Mk LA SE PR SR, T B AR A A
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W5 0 R A2 [ 2 ML AT 55 B0 A
LR, AR TR TR 52 J 37 5 b i s — Bk
HEERAERE,
2.4 HEEZESZHBNRE.AESATHRELE

I 5 J5 76 380 S ol 45 g FH i 2 e JE R A A
T I Y B PR ORI B ROR BRI . 7E K e
N I SRS K TE AL H B S b SRR TR
FLA B G RS T 1l 2 SCR A3 SR ) A7 IR A
T POR AR GO A R R . B R HILER AT 55 1Y
LR TE Y, B RGP IS AS FOk AR
RPN O N & s T U A € (e TR VK2 93
ARG RS I A A ) 4 0 8% T ARV (Habash 45
2025) 53X B R B IR T i ERE TEH OT AN TR
P N PR S5 R AR 3. X T 2R R
BRI 3K — 0 JE e R 5y, BRI ok HGl v 5L 5 e K
(1) S B0RIASE | T (14 HE LB 5 AR o A 2= i ATE X
B AE LT 15 300 G sl I Al 58 BRI v 119 35 48 g
AR i T AR G0 R BT 45 P 2% (Wu 45, 2025) ¢

B 2 R AN T A5 SR T 25 18 SRR AR T R i
A S PR AR G D) — AR . S B R S5
P B BE R it WA | A A PR R T I X A 4
3, — ERTRY HH T4 Bh SR HOE bR AN g
{5 BTG SR I T e R . 76 T SR Y b s
] SL A RIS AE L T LAY T S | TEAT S LA
R T RS I I RE H7 IE A W0 e A . TR,
RIRBERRDE 1 75 A5 e B A7 AE 9 < L) 58 " B
DU Ay 52 ] LA S 1o FH v RTA E A  AE IXUS: PR 3
(Wu s, 2025) . XFFias @8 5 , 2 9 &l
5 07 FH R SR AU (%) 5 ), A5 98 ] ] AERE SAy 2
W BB = AN E R R AE SR AR R4y
AR AN S35 N R ), FLSE BRIV FH S 46 A2 2B
GIEGS

A B AN F T A n] e A B n a4 T2
e SRR SR R ) OGR4 . RS KB A
B RAE SRS XTSI T A R R B E RS, T8
BRI RE IR TR AR HER SR SR — I B
AHEEZ R T2 e A0 118 S B 1o A B o 4 = P[]
RGN R A, R EESRAR AL BB AE bR 1 S HEIE G X 5k,
T T B RE NS 5 B O R IR GRS R AR
P EarthMarker 8 %1 58 3 il & 90 5 32 510 5 18
A A 2 BB T X B GIE B 1 Rk e
(Zhang 5%, 2025) , (R BHLH 388 R AR Y 7E i HH B X1

TETZ A B — 28 LR i i) ] SRS RS 0BT ) 2 1
iR BAARORE T 852 bR N 3 5 o 25 i
SRR RN 5 A e A RS 2 | ) {5 i 2L 5 ] e B 2
GAFDT I — 58 . — 07 I, T B AR A
RIS 5 R GEPA A AR i i &8 2 A 5 55 — 7
TET 7 394 5 R ok S i AL 55 AN P 4 R A L
REJT, I 4 NHLIMRIBLH BT b nT5E v st
A B A AR R S EAE SR, LIS AR R
IE G RIEER S IREBIE

3 it ERg

TERBEAVEORIES) T, 38 S8 158 1 i A8 e o
SR A ] B LS M O SRR AR S AT 55 S 1 AT
SR AW . BSX — RRA R , ARG
FRT A A 3] 22 B3 R Y ) 8 72, A
O3B T RS RS RS B R AR AL N Y O
SEERE . JFE— DR B R B R RE 4R Tt
FEARAU A TRIAVRBL Y e, L% 5T 25 1]
INFIBE ST 55 T SRt b ] 38 M S S B () R, 4T3 02
Tl I AR GEME 5 52 B ] B9 AR O

RGN IR 2 B ] 18 SRR A AP RE S T 1Y
HER W &R IR 2 (A7 1R
SAR 5 LiDAR i ) , i JUAT &5 48y 8 S ek L K3k
SRS P 5 TRUAF A 4. 3 22 S, (B A 20 SO0) 5% T
BRPEAL (Geng 55, 2025; Zhang 55, 2024) . R4 5
T B SO SR (40 CLIP) 7838 A6 AT 55 rh L
197 —E R (A7 B s AT 2 B e A PR
I 7R T BRI A T4, O SRS FE R B (Lu %5,
2025) o AR HMIT ST N F A T A R X 5 R
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