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TEJG SEAL 55 P RE . PR N IR 2 0 31,
Ik i R 3 2 JE A 5ORT N T 22 T A B
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Z R TR ORI R AL B s SRR M SC R
RAEAN L, % 2Ll g I [ BR 1) 1 4% ¢ 38 S X 15 A
B (RIS 2RO T H AR AR TR AY AR =)
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Fig. 1 Literature selection criteria and composition
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Fig. 3 Methodological framework of traditional feature extraction methods
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IOE AT e X R B T i kAR T A, R
FE RS FNIR G 2 M4 2: 2] (Ding%§, 2019; Pan
2 2021a; Zhous, 2024; Song%, 2024b), &
HEJ7 940 Shi 1 Zhao (2023) 181 [ 3 )07 [ {1554 1
PEREROR

2) SAREMZHZHREL. SAR UL 2L HUE
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HEFWEIT R ERET RG AR, @i [ 5
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JIEYI(E FE S BRI GG , Xk B S e B —
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TR DRI L, E 0 1) 30 25 W 2R 0 i e
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(Luo %, 2020; XIFF %, 2017). SAREUZN %4
WU 22 MR 55 1 57 U PRI A5 T o 55 75 5 K5 i L AT X
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7%, 2023).
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K5, BRSO E 0.5, FERE N 1.4,

(2) SCHFFIE . SCRRRAERE A T 53 X G
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Table 1 Performance comparison and scene application analysis of typical edge detection operators
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Fig. 4  Visual comparison of different edge detection operators on visible light images and SAR images
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STz (He %, 2017; Soldal 55, 2019), {HiX
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MEFREA R, [FEARMAFRB, F208%
W ITE R 5 TR B AR SR IEAE y e ke
ARG A ML, DI PR 5 T i Rebt, X
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Table 2 Multi—feature fusion strategy and applicable scenario analysis
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’ ¥ SR SOMME B E BRI HL 43 B et
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BZ SRR 2 RE B EAFIE. (2) A
T S ) bR SCHME Ry A PR R g S AL
A2 B, T ZEER . S EH
eSS VL CIUNDS Y k3 A ¥ T
AR S5 PR, DA T SERE A X 5 AS L D) b 49 i ¢
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T P rp R A — 2R ) S VRS R, A ]
ABLARLEE B [CHE B8, XA~ S 3B #% k> SR AH
L4 J& #3730 (Song%, 2024a), XFKITIERER
PEH SCZTH AR, Az A [ R, eSS
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it 75 GNN g LIS FRERAE, SE3 RURr R Ry
Wi 5 R e Rk, BREEA SR Y R i
SCE BRI IUE R A ZEH. (Tang 55, 20225 Sebt
F Darvishnezhad, 2023; Wang%, 2024e; LiuZg,
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Transformer 7£ 1 5 45 388 19 5% T v A 46 F ViT
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B, 2) IREZEMEEE . Transformer [ 7511k
R AE 32 BTy XA AR IR )2 R AR AR AR A AR [ A7 7 [
AR, Nypeb BiRE e, #F5EEHBA R G
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Fig. 6 General process of remote sensing image model processing based on deep learning
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Table 3 Improvement and sorting of deep learning modules for feature extraction challenges
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Fig. 7 Typical challenge examples for feature extraction of visible light images

(b) FIH A LA

(a) BE 35 520

(a) The impact of speckle noise

'y }'v“.'_ e ‘(g‘.

(b) Scattering point composition structure

() ML (B0, )

(¢) Side view imaging (perspective contraction, shadow)



1578 National Remote Sensing Bulletin i & 54k 2026, 30(6)

(d) BRSO 520

(d) The influence of scale on

scattering

(e) FARZEZS XN LR 0
(e) The influence of target attitude on

scattering characteristics

(f) HAREESS

(f) Target occlusion (random occlusion, directional

occlusion)

K18 SAR FIMRAFAESR BUAY 1 B f s £

Fig. 8 Typical challenge examples for feature extraction of SAR images
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Table 4 Performance gain analysis of knowledge driven feature extraction methods
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Abstract: Visible light and Synthetic Aperture Radar (SAR) images are two primary data sources in satellite remote sensing, widely used in
fields such as urban planning, disaster prevention, and national security. Feature extraction serves as a key bridge connecting remote sensing
images with high-level applications, directly influencing the effectiveness of intelligent interpretation in complex scenarios. Feature
extraction methods have undergone a profound transformation from handcrafted design to data-driven learning, achieving significant
breakthroughs, particularly with the advancement of deep learning. However, due to the high cost and strong domain specificity of remote
sensing data annotation, previous data-driven methods still face challenges such as insufficient generalization and limited interpretability. To
address these issues, existing researches have proposed a “data + knowledge” dual-driven framework, which leverages data-driven
perception and knowledge-driven reasoning to achieve higher-level intelligence, aiming to break through the bottlenecks of generalization
and interpretability inherent in single data-driven paradigms. To reveal the technical logic and core value of this dual-driven framework in
feature extraction for visible light and SAR images, this paper first systematically reviews traditional feature extraction methods and deep
learning-based methods, summarizing the main challenges faced by these two categories. It then elaborates on knowledge-driven feature
extraction, categorizing the knowledge used to guide networks into visual knowledge, geospatial knowledge, and physical knowledge, and
discusses the training paradigms for knowledge-guided networks. Finally, it outlines future trends, identifying the construction of remote
sensing foundation models, the dual-driven development of data and knowledge, and the cross-integration of cutting-edge technologies as
key research directions.

This study follows a structured review methodology, focusing on literature from authoritative sources such as IEEE TGRS, ISPRS
Journal, CVPR, and ICCV between 2019 and 2025. First, traditional feature extraction methods—including edge detection (e.g., Sobel,
Canny, ROEWA), texture analysis (e.g., Gabor filters, GLCM), color features, and keypoint extraction (e.g., SIFT, Harris)—are summarized
and analyzed for their strengths and limitations. Second, deep learning-based methods are examined, covering convolutional neural networks
for local spatial modeling, graph neural networks for relational reasoning, and vision transformers for global context understanding. Third, a
knowledge-driven framework is proposed to address challenges such as semantic ambiguity, scale variation, imaging condition sensitivity,
and speckle noise interference. This framework integrates three categories of knowledge—visual knowledge (e. g., edges, textures),
geospatial knowledge (e.g., DEM, topological relations), and physical knowledge (e.g., scattering models, atmospheric physics)—into deep
networks through mechanisms such as knowledge as architecture, knowledge as data, and knowledge as loss.

The analysis demonstrates that traditional methods offer high interpretability and computational efficiency but lack adaptability to
complex scenes and nonlinear relationships. Deep learning methods significantly improve feature representation and task performance but
are heavily dependent on large annotated datasets and suffer from poor generalization under domain shifts. The proposed knowledge-driven
approach effectively mitigates these issues. For example, incorporating edge prior knowledge enhances boundary precision in semantic
segmentation, embedding elevation data improves terrain-aware classification, and integrating physical models such as electromagnetic
scattering models aids in SAR image interpretation and speckle suppression. Experimental results from cited studies show performance
gains across various tasks, such as increased mloU in segmentation and enhanced accuracy in object detection, confirming that knowledge-
guided features are discriminative, stable, and interpretable.

Feature extraction for visible light and SAR images has evolved from manual design to data-driven learning and is now progressing
toward a hybrid paradigm that combines data-driven perception with knowledge-driven reasoning. This study highlights that integrating
visual, geospatial, and physical knowledge into deep learning models can address key challenges in remote sensing feature extraction,
including semantic ambiguity, scale extremes, imaging variability, and noise interference. Future research should focus on developing large-
scale remote sensing foundation models, deepening the synergy between data and knowledge, and promoting cross-disciplinary integration
with emerging technologies like vision-language and diffusion models. Such advancements will further enhance the intelligence, reliability,
and applicability of remote sensing image interpretation systems.

Key words: remote sensing intelligent interpretation, visible light images, SAR images, manual feature extraction, depth feature extraction,
data and knowledge driven



