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Fig. 1 Statistics of the number of articles related to remote sensing science and artificial intelligence published in important domestic
and foreign journals in the past decade (The statistics presented herein were obtained from Web of Science )
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Table 1 Representative tasks in the field of remote sensing science with artificial intelligence technology
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Fig. 2 Overview framework diagram (From remote sensing observation to artificial intelligence technology and

then to cross—application )

bt WOTE IR

~_____

K3 ATH ﬁ‘émﬁbﬁfﬁfu_ﬁ@}}d)ﬂlﬂiﬂﬁ\%ﬂE‘J'{llf({fﬁ'il_

Fig. 3 Artificial intelligence empowers the paradigm evolution

-_____ [P —

of multi-source remote sensing from observation to cognition
21 SOPRERK

R 3 T A T SR L Y e AT T A 4
AE T, E A B UL A AR 5 W 0 %) A% 0
RZ—o HiRrPrRiE B0, s i) oy PR
i L?'JH]Z?K&%EE@ . S B ALORT 20 1Y H
REWE R, T A s . Rkl . FERTRE
I K 9 VAL A5 B T s A ) BRI SR
AV AL = B0 DA (41 WorldView
F]. GF-2/6) . PLEHOLFH L (LIDAR) 5 A
MR &, XET 5 Be S 76 A [ R R T

ﬁﬁ%e@ 2Ol EHROGIE RS . ERdE4E
FERFAETT T , o 73 B 508 SR RS 7R L 1% 2 i 42

k. ZMAGER, 4G a5 HE
TERETT, SEBL TN R B A AR G UL

%ﬁ%%@@fﬁmﬂﬂ(mmm%zmm
+ HR 2 5 0 (Robinson 28, 2019) ., B 2%
M (Agarwal 45, 2022) . BB W K ¢ 3 i
(Ahmad, 2024) S50 )3z W 1. 11
T RS B AR S A S BRI, A
R TRCF 2R AR s Al M HORS 2 4k W D
SEWA R RETEAL, S HER S TR 2=
TR s FEICF WM b, 5 53 P R e g P
FENLZ P X, O R A S B R VA 4R it St
M) 1V

SRMT, 1o 0 B 238 38 R R A N AT 1T I 7
RIS . |5, Vﬁ%ﬁﬁiﬁﬁﬁ%\%%
%ﬁﬁﬁﬁhﬁ?a%k,hw,ﬁ%ﬁﬂ¢%

MR | RIS OGRS SRS B R
T, BEACEE A S T AR R AN, &
S PERER N TARE A & &, BRI
Pl reAR B =, Hil2y 740 HAR RN 5 24
Al G ATRE I K (Jiang 5, 2022),

BEXT LRI, N TR Be AR R & o B i
TS W b B 5 o B ABRAE TR B M DR AR . Gl
o 2RSS HESE S RO (R . LIDAR
Mo MO IR RS DL S s B (R BR A 5 PR
AL, AR T E R AR, ARl
W ke = 4 # i AE /) (Hong 5%, 2023; Luo %%,
2mMo%% URBE 24 ) FE SR Ab B s RUBE H b

FUB K R A B sh Ak 0 A v JR 30 e ph R I 35
ﬁﬁ@““%i@ﬁM“ﬁ%%m"m“%%@
BRI T OCHE S (Li%F, 2025a).



g

U A N TR RE SR 5 U T ik - BUIR5 235

R2 TEERMFIESATEERAHRREHES

Table 2 Representative datasets in the field of remote sensing science with artificial intelligence technology
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DroneSwarms (Cao 5%, 2025)) . i X% (40
UAVid (Lyu 45 2020) . SkyScenes (Khose %,
2025) ) . S 1% (40 DroneCrowd (Wen 4% ,
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Fig. 4 Related artificial intelligence techniques used in

remote sensing science
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Fig.5 Schematic diagram of the ResUNet—a model
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Fig.9 Schematic representation of feature state interaction Mamba in UrbanSSF
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remote sensing science
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Fig 12 Multi—source satellite remote sensing combined with knowledge—guided deep learning for super—resolution reconstruction of

three—dimensional temperature anomalies ( I ) and salinity anomalies ( Il ) at 2000 m in the global upper ocean

(Wang etal., 2024a)
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Fig 13 The structure of data, methods and applications for urban remote sensing
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Abstract: Remote sensing science, through multi-platform, multi-scale, and multi-modal observations, provides key technical support for
understanding the structure of the Earth system and environmental evolution. It also holds significant strategic importance in fields such as
resource investigation, ecological monitoring, urban management, and disaster emergency response. The advent of advanced observation
methodologies, including high-resolution optical remote sensing, Synthetic Aperture Radar (SAR), hyperspectral imaging, and lidar, has led
to a proliferation of remote sensing data of unparalleled scale, variety, and continuously enhancing resolution. This paradigm shift has
propelled Earth observation into a new era characterized by the management of voluminous data sets. However, the high-dimensional
structural differences, spatio-temporal scale inconsistencies, and information redundancy brought about by multi-source heterogeneous data
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have significantly limited the traditional interpretation mode that relies on manual rules and experience-driven in terms of accuracy,
efficiency, and generalization ability. Therefore, there is an urgent need to promote the transformation of remote sensing science towards an
autonomous and intelligent paradigm.

The advent of Artificial Intelligence (Al) has furnished a novel theoretical foundation and technical trajectory for the domain of remote
sensing science. Intelligent methods, exemplified by deep learning, large models, self-supervised learning, and cross-modal representation,
possess the capacity to automatically extract multi-level semantic features from substantial remote sensing data. This capability enables the
efficient recognition, inference, and prediction of complex ground objects, environmental elements, and spatiotemporal dynamic processes.
Presently, Al has achieved significant advancements in a variety of domains, including ground object classification, object detection,
semantic segmentation, change detection, 3D scene reconstruction, and environmental element inversion. These developments have
demonstrated the potential value of enhancing accuracy, generalizability, and decision-making speed in various application scenarios, such
as geological remote sensing, ecological monitoring, agricultural situation assessment, urban remote sensing, and disaster damage
assessment. Concurrently, novel research paradigms are emerging, characterized by the utilization of large remote sensing models and cross-
modal fusion as their fundamental framework. These paradigms signify a paradigm shift in remote sensing science, transitioning from an
intelligent interpretation oriented towards single tasks to an integrated intelligence oriented towards scene understanding and system
cognition.

Despite the rapid advancements in artificial intelligence, which are profoundly impacting the field of remote sensing science,
significant challenges persist. These challenges include inadequate coordination between multi-source observation mechanisms and model
representations, constrained generalizability across regions, disasters, and sensors, deficient model interpretability and credibility, and
suboptimal data-driven and physical prior fusion mechanisms. In order to promote remote sensing science from “observation” to “cognition
and decision support,” it is essential to build a new generation of intelligent remote sensing systems with physical consistency, dynamic
adaptability, and sustainable evolution capabilities.

In summary, Al is driving remote sensing science into a new phase that is centered on intelligent representation, cross-modal fusion,
and knowledge-driven inference. This paper systematically reviews the fusion progress from three dimensions of observation technology,
intelligent method, and typical application. It analyzes the key challenges and looks forward to the future development direction. The
purpose of this analysis is to provide a reference for the construction of a unified, generalized, and reliable intelligent remote sensing theory
system.

Key words: remote sensing science, artificial intelligence, deep learning, cross-application, remote sensing big data, intelligent
interpretation
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