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An adaptive denoising of the photon point cloud based on two-level voxel

WANG Zhen-Hua', YANG Wu-Zhong', LIU Xiang-Feng'?, WANG Feng- Xiang’,
XU Wei-Ming”*, SHU Rong™™
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2. Key Laboratory of Space Active Opto—Electronics Technology, Shanghai Institute of Technical Physics, Chinese
Academy of Sciences, Shanghai 200083, China;

3. School of Physics and Optoelectronic Engineering, Hangzhou Institute for Advanced Study, University of
Chinese Academy of Sciences, Hangzhou 310024, China)

Abstract: With a single-photon detector, photon-counting LiDAR (PCL) captures a large amount of background noise
along with the target scattered/reflected echo signals, because of the influence of factors such as the background environ-
ment, target characteristics, and instrument performance. To accurately extract the signal photons on the ground surface
from a noisy photon point cloud (PPC), this paper presents an adaptive denoising approach for PPC using two levels of
voxels. First, coarse denoising is performed utilizing large-scale voxels, which are built based on the spatial distribu-
tion features of the PPC. The density of the voxel is then used to select the voxels that contained dense signal photons.

Second, fine denoising with small-scale voxels is conducted. These voxels are built using the nearest neighbor distance,
and a topologicalrelationship between voxels is used to further extract voxels containing signal photons aggregated on
the ground surface. Finally, this method is performed on the PPC from ATLO03 datasets collected by the Ice, Cloud, and
Land Elevation Satellite-2 both during daytime and at night and compared with the improved Density-Based Spatial
Clustering of Applications with Noise (DBSCAN), improved Ordering Points to Identify the Clustering Structure (OP-
TICS) , and the method used in the ATLO8 datasets. The results show that the proposed method has the best perfor-
mance, with precision, recall, and F1 score of 0. 98, 0. 97, and 0. 98, respectively.
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Fig. 1 Schematic diagram of voxel topological relations: (a) the neighborhood between voxel vertices and vertices; (b) the neigh-

borhood between voxel edges and edges; (c) the neighborhood between voxel faces and faces; (d) the adjacent relationship between

all voxels;(e) the schematic diagram of voxel connectivity features
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Table 2 The results of the proposed algorithm, improved DBSCAN, improved OPTICS and DRAGANN

daytime night all
Methods Evaluation gtll gt2] gt3l gtlr gt2r gt3r
KO Lo o mean o @ 0 mean mean

P 0.986 1 0.9729 0.984 7 0.9812 0.988 3 0.9827 0.976 3 0.9824 0.9818

Two-Level Voxel R 0.9655 0.9814 0.968 9 0.9719 0.9709 0.977 1 0.9824 0.976 8 0.974 4
F1 0.9757 0.9771 0.976 7 0.976 5 0.9795 0.9799 0.9793 0.979 6 0.978 1

P 0.949 4 0.9331 0.9427 0.9417 0.963 1 0.9527 0.966 8 0.9609 0.9513

Improve DBSCAN R 0.9315 0.9380 0.9309 0.9335 0.9470 0.948 3 0.944 8 0.9467 0.940 1
F1 0.940 4 0.9355 0.936 8 0.9376 0.9550 0.9505 0.9557 0.9537 0.9456

P 0.9625 0.9557 0.960 2 0.9595 0.968 1 0.9729 0.965 8 0.9689 0.964 2

Improve OPTICS R 0.948 9 0.9376 0.9415 0.9427 0.9559 0.958 7 0.9523 0.9556 0.949 2
F1 0.9557 0.946 6 0.950 8 0.9510 0.9620 0.9657 0.9590 0.9622 0.956 6

p 0.980 5 0.9783 0.9857 0.9815 0.978 4 0.980 1 0.9739 0.9775 0.9795

DRAGANN R 0.913 1 0.907 4 0.899 6 0.906 7 0.9328 0.9111 0.928 2 0.9240 0.9154
F1 0.9456 0.9415 0.9407 0.9426 0.9551 0.9443 0.9505 0.9500 0.946 3

MR B ELI 50 5 b B4R FLIS AT 5 o AR 0 B R38R - (D35 @2 ORI DBESL

Noise: a. sparse and uniform; b. dense and uniform; c. dense block, terrain slope: (D flat slope; @) gentle slope; @ slope; @ steep

slope
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