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Abstract

To address the limitations of traditional open-pit mine ecological restoration supervision—such as
single monitoring methods, heavy manual intervention, low quantification accuracy, and insufficient
dynamic monitoring capacity—this study takes damaged open-pit mining areas as research sub-
jects and constructs an intelligent supervision system for mine ecological restoration by integrating
deep learning with three-dimensional surveying technologies. Based on the U-Net semantic seg-
mentation framework, multiple ResNet backbone networks are embedded to conduct comparative
model experiments, and the U-Net + ResNet34 model is selected for its superior performance in ac-
curately identifying damaged land areas within mining zones. The reliability of the model is verified
through manual interpretation and validation, significantly enhancing the automation and precision
of damage information extraction. By leveraging integrated modeling techniques combining drone
oblique photogrammetry and airborne LiDAR, high-precision multi-temporal 3D realistic models of
mining areas are established, ensuring both geometric accuracy of terrain and visual realism. Using a
time-series 3D model differencing algorithm, quantitative assessments of terrain reshaping effects
and earthwork volumes (cutting and filling) across different zones are achieved, enabling dynamic
construction supervision and revealing spatial differentiation patterns in construction intensity
among various restoration units. Results demonstrate that this supervision system performs well
in terms of damaged area identification accuracy, quantitative terrain change analysis, and dynamic
progress tracking, providing efficient and precise technical support throughout the entire mine eco-
logical restoration process, thereby significantly improving the intelligence and refinement level of
mine ecological restoration supervision.
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Figure 1. Overall technical framework
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Figure 2. Schematic diagram of U-Net model structure
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Table 1. Accuracy comparison of different backbone network models
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U-Net + ResNet18 89.18 88.82 88.10 86.32
U-Net + ResNet34 94.13 93.27 92.19 90.78
U-Net + ResNet50 87.12 86.76 85.94 84.38
U-Net + ResNet101 83.48 82.35 81.40 80.89
U-Net + ResNet152 79.27 78.93 77.27 76.39
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Figure 3. Visual comparison of damaged area identification
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Table 2. Statistics on model recognition and manual interpretation accuracy
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Figure 4. Visual comparison of manual verification
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Table 3. Evaluation of 3D model accuracy
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Figure 5. Comparison of slope models across different monitoring periods
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Figure 6. Elevation changes in different ecological restoration units
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Figure 7. Calculation of earthwork volume changes
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Table 4. Verification of the accuracy of earthwork volume calculation results

F 4. LHETELEREERIE

FEX G 5 RTK S+ 77 &/(m?) ZYEREAL A T B (m?) HXPRZE(mY) R %
S1 12,658 12,241 —417 -3.30
S2 24,136 24,862 726 3.01
S3 9872 9546 -326 -3.30
S4 18,541 19,125 584 3.15
S5 7469 7214 -255 —3.41
S6 15,327 15,802 475 3.10
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