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Application research and practice of GF-7 satellite in basin-level
digital twin water conservancy
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Abstract: GF-7 satellite is equipped with China's first operational earth observation laser altimeter and sub-meter optical
stereo camera. High-precision laser altimetry data and sub-meter-level optical imagery data enable 1: 10, 000-scale ste-
reoscopic mapping without ground control points, offering unique application advantages in large-scale spatial infra-
structure construction for digital twin water resources management and water level monitoring of lakes and reservoirs.
In the study, Miyun Reservoir is chosen as the main research area. The GF-7 laser altimetry data and stereo image are
used to extract the reservoir water level and the surrounding digital surface model (DSM), and the application practice
analysis is conducted. The results show that the absolute error of reservoir water level extracted based on laser altimetry
data is less than 0. 15 m, which is equivalent to the accuracy of the same type of foreign data. Based on the digital sur-
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face model, the water surface range prediction result F, is higher than 0. 85, and the water volume change monitoring er-

ror is less than 3%, which can meet the requirements of related hydrological analysis applications. These conclusions
q y g y pp

provide valuable reference for promoting the application of domestic GF-7 satellite laser altimetry and stereo image data

in water conservancy, and better assisting the construction of basin level digital twin water conservancy.

Key words: photogrammetry and remote sensing, GF-7 satellite, laser elevation data, digital surface model,

hydrological analysis
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Fig. 1 The schematic diagram of water level and water quan-

tity change of Miyun Reservoir
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Table 1 Main performance indexes of GF-7 satellite
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data screening

Schematic diagram of full waveform laser altimetry
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Fig. 4 High-precision DSM model generation
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Fig. 8 (a) Schematic diagrams of predicted lake surface range of 2024.08.30; (b) schematic diagrams of predicted lake surface
range of 2024.10.03; (c) schematic diagrams of predicted lake surface range of 2024.10.29
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Table 3 Verification of prediction accuracy of lake surface range change

I [i] U0 90 v A ke SR AT 1 ) T TR ke precision recall F,
2024. 08. 30 20. 635 23.965 0.791 0.919 0. 850
2024.10. 03 26. 155 28. 634 0. 846 0.927 0. 885

2024. 10. 29 31.879 30. 655 0.912 0. 877 0. 894
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Fig. 9 Schematic diagram of Copernicus DEM Lake Water leakage
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Table 4 Verification of prediction accuracy for lake water volume

H 7K A% /m S BroK 4 fiE/m? T 7K g4 it /m? R 22 40 XHE /m? BR2E 1 43 /%
2024. 08. 01 150. 99 39430 39 854 424 1.075
2024. 08. 15 152.07 56 410 57 223 813 1. 441
2024. 08. 30 153.17 74 080 75 601 1521 2.053
2024. 09. 20 153.96 90 360 88 284 2076 2.298
2024.10. 03 154.76 100 380 102 936 2 556 2.546
2024.10. 29 155.31 109 690 112735 3045 2.776
x5 FEKEHEETM A EITEE
Table 5 Comparison of different water volume increment prediction methods
FLF DSM Hdis 1 T AR T
H 19 SEBRK 1 m? IRELE,  REA WRELE  REE
§ A WK 4 i/’
/% m? /%
2024. 08. 30 74 080 75 601 1521 2.053 71763 2317 3.127
2024.10. 03 100 380 102 936 2556 2.546 96 880 3500 3.487
2024.10. 29 109 690 112735 3045 2.776 105 967 3723 3.39%4
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