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Abstract: The laser altimeter aboard the Gaofen-7 satellite primarily provides elevation control points for imagery. Dur-
ing satellite operations, environmental variations can induce laser pointing offsets, which in turn increase the position-
ing errors of the footprints, thereby directly reducing the elevation accuracy of the control points. This issue is particu-
larly pronounced in complex mountainous terrains. To enhance the reliability of laser altimeter observations from satel-
lites in such regions, this paper proposed a new laser footprint positioning method based on waveform frequency domain
matching. This method utilizes high-precision terrain data for waveform simulation and determines the position of the la-
ser footprint by calculating the correlation between the simulated waveforms and the received waveforms of Gaofen-7 in
the frequency domain. Additionally, systematic deviations in laser pointing are derived from the joint computational re-
sults of multi-footprint frequency domain matching. Experiments were conducted using in three regions: central Mon-
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tana, western Wyoming, and eastern Utah in the United States. The results indicate that the standard deviations of foot-

print planar offset distances, planar true north pinch angles, and equivalent laser pointing deviation angles obtained with

this method are all superior to those achieved with the time-domain waveform matching method. The findings under-

score the advantages of frequency-domain waveform matching in achieving high-precision footprint localization, there-

by providing a robust foundation for enhancing the utility of satellite laser altimeter observations in challenging environ-

ments and facilitating the correction of laser altimeter pointing errors.

Key words: Gaofen-7 satellite, spaceborne laser altimeter, frequency domain matching, footprint localization,

pointing error correction
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Fig. 2 Flowchart of multi-footprint joint solution based on frequency-domain waveform matching
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Table 4 Analysis of multi—footprint spectrum difference modulus overlay results
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Table 5 Analysis of multi-footprint PCC overlay results
Ky IR/ MEAE AR [ m ] TR A% P S [m ] FrEAL I A7) SOOI I i s AR 2]
E9(a) (19. 0090, 8.9756) 21.02 64.72 8.57
1 9(b) (20.0136, 9.0153) 21.95 65.75 8.95
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