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Abstract

Shelterbelt projects serve as a critical measure for maintaining ecological security barriers, combating
desertification, and preventing soil erosion, playing an irreplaceable role in safeguarding agricultural
production and improving regional ecological environments. Particularly in arid and semi-arid regions, the
scientific construction and sustainable maintenance of shelterbelt systems have become essential
foundations for achieving ecological governance and sustainable development. However, the high temporal
and economic costs of acquiring spatial distribution information on shelterbelts, along with low extraction
accuracy, remain core bottlenecks constraining refined management and dynamic monitoring of shelterbelt
projects. To address these issues, this thesis proposes a remote sensing image-based shelterbelt information
extraction method that synergizes super-resolution reconstruction with semantic segmentation. The specific
research contents are as follows:

(1) To mitigate the high cost of acquiring high-resolution remote sensing images, a remote sensing
image super-resolution reconstruction model based on IN-ESRGAN was developed. Building upon the
ESRGAN framework, a multi-scale feature fusion convolutional structure was proposed to replace the
original convolutional layers in its RRDB modules, addressing the limitation of single-scale feature
extraction. Experimental results demonstrated that the improved model achieved 26.56 dB in PSNR, 0.79
in SSIM, and 0.285 in LPIPS, validating its effectiveness.

(2) To resolve challenges posed by complex ground objects and interference in remote sensing images,
a CPPM-UNet-based shelterbelt information extraction model was constructed. On one hand, the
Convolutional Block Attention Module (CBAM) was embedded in skip connections to enhance local
spatial-channel correlations of feature maps. On the other hand, a Customized Pyramid Pooling Module
(CPPM) was introduced at the decoder’s terminal, capturing global contextual information through four
parallel pooling layers to address fragmented shelterbelt patterns caused by scale variations. After bilinear
interpolation, pooled features were weighted and fused with high-level semantic features, significantly
improving the model’s perception of shelterbelt grid-like topologies. The optimized model achieved
78.95% in MloU, 80.23% in PA, and 84.21% in Fl-score, showing marked improvements across all
metrics compared to the baseline.

(3) Leveraging Sentinel-2 remote sensing data, the refined shelterbelt information extraction method
was applied to achieve precise extraction and systematic analysis of shelterbelts in Alaer City. First, the
IN-ESRGAN model enhanced 10-meter resolution imagery to 2.5 meters, significantly improving edge
details and texture features of shelterbelts. Subsequently, the CPPM-UNet model extracted shelterbelt
information and generated high-precision thematic maps. Finally, combined with GIS technology, spatial

distribution patterns and area statistics were analyzed.
II



(4) A shelterbelt information extraction system was developed based on the IN-ESRGAN and
CPPM-UNet models. The system design adhered to software industry standards, encompassing feasibility
analysis, requirements analysis, database design, architecture implementation, and system testing to ensure

comprehensiveness and reliability.

Key words: Shelterbelt Extraction; Super-Resolution Reconstruction; Semantic Segmentation; Remote

Sensing Imagery
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