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Research on spaceborne full-waveform LiDAR filtering processing
technology based on bat algorithm Gaussian sharpening

FANG Qiang', WANG Hong", HE Guang-Hui’, ZHOU Zheng-Yu', CAO Feng-Wei', SONG Qing-He'
(1. College of Science, Kunming University of Science and Technology , Kunming 650500, Chinaj;
2. Sunny Optical Technology (Group) Company Limited, Ningbo 351491, China)

Abstract: Spaceborne full-waveform LiDAR, as an advanced remote sensing technology, has been widely applied in
various fields due to its ability to record detailed terrain and vegetation information. However, the data from spaceborne
full-waveform LiDAR can be affected by factors such as dark current, performance of photodetectors, the surrounding
environment of the target being detected, and the background light during the acquisition process. These factors intro-
duce significant noise into the original waveform signals, interfering with the extraction of effective echo information
for target inversion analysis. To address the common problem of waveform amplitude reduction in existing classical fil-
tering algorithms, this paper proposes an adaptive filtering compensation method for waveform amplitude. By utilizing
the bat algorithm to optimize Gaussian sharpening operator parameters and convolving the Gaussian sharpening operator
with the filtered waveform data, waveform compensation is achieved through adaptive iteration to ensure optimal com-
pensation effects. This paper conducts experimental verification on GEDI (Global Ecosystem Dynamics Investigation)
echo data, comparing the proposed method with various filtering algorithms. After filtering, the highest peak amplitude
was reduced by an average of 9. 0077 counts, while the difference between the highest peaks of the waveform after
Gaussian sharpening compensation and the original waveform was only 0. 0182 counts on average. Moreover, the aver-
age signal-to-noise ratio improved from 30. 0235 dB to 33. 2609 dB, representing a relative increase of 10. 78%. The re-
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sults indicate that this method, in conjunction with filtering methods, can remove noise while retaining more original

waveform feature information. This provides more accurate data for further extraction of waveform information for geo-

physical parameter inversion and target classification and is applicable to a variety of filtering methods.

Key words: spaceborne LIDAR, full waveform, Gaussian sharpening, bat algorithm, filtering
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Fig. 1 Bat algorithm for Gaussian sharpen process flowchart
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Fig. 3 The filtered waveforms and their Gaussian sharpened counterparts for four different filtering methods: (a), (¢), (e), (g) show
the filtered waveforms and their Gaussian sharpened counterparts for building echoes; (b), (d), (f), (h) show the filtered waveforms
and their Gaussian sharpened counterparts for forest echoes; (a), (b) use Gaussian filtering; (c), (d) use wavelet filtering; (e), (f) use
Kalman filtering; (g), (h) use EMD-MRA filtering
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Fig. 3 Evaluation indices for the processing of four filtering methods and evaluation indices for Gaussian sharpening compensation

processing: (a) the signal-to-noise ratio; (b) the correlation coefficient; (c) the root-mean-square error; (d) the maximum peak differ-
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Table 1 Mean values of evaluation indices for the processing of four filtering methods and mean values of evalua-

tion indices for Gaussian sharpening compensation processing

evaluation index processing Gaussian filtering Wavelet filtering Kalman filtering EMD-MRA mean
SNR filtering 26.4324 30.8725 25.5775 37.2116 30.0235
(dB) sharpening 30.6123 32.1973 29.0778 41.156 1 33.2609
" filtering 0.994 0 0.998 1 0.996 2 0.999 6 0.998 4
sharpening 0.9959 0.998 3 0.998 7 0.999 9 0.999 2
RMSE filtering 4.0367 2.2176 4.715 1 1.2104 3.0450
(count) sharpening 2.5108 1.8914 3.0710 0.694 6 2.0419
MPD filtering 12.7870 4.4270 15.423 1 3.3926 9.0077
(count) sharpening 0.007 5 0.0228 0.007 0 0.0356 0.0182
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