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A preprocessing method of 3D point clouds
registration in urban environments

Zhao Kai?, Xu Youchun?*, Wang Rendong?
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Abstract: Aiming at the problem that 3D LiDAR point cloud has high data density, outlier noise, and scattered dis-
tribution in urban environment, which is not conducive to the matching between point clouds in the later stage, a
pre-processing method for large-scale LiDAR point cloud frame matching in urban environments is proposed. First,
the point cloud data is transformed into a Mean Elevation Map, and the ground point segmentation processing is
performed on the point cloud using the height gradient between the grids; then, the DBSCAN clustering algorithm is
improved by the three-dimensional voxel grid division method, and the improved VG-DBSCAN is used to cluster
point clouds and separate the target point cloud from the outliers after clustering, thereby, which eliminates outlier
noises in the point cloud. Finally, the Voxel Grid filter is used to down sample the point cloud. The experimental re-
sults show that the proposed method can perform real-time preprocessing on point cloud data, and the average time
is 132.1 ms. After pre-processing, the accuracy of point cloud frame matching is increased by 2 times, and the av-
erage time consumption is only 1/6 before pre-processing.
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Fig. 5 Two-dimensional illustration of a layer in a voxel grid
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Fig. 7 Ground segmentation results. (a) Before the ground division; (b) After the ground division; (c) Division of the overall

effect; (d) frame selection part; (e) frame selection part
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Fig. 8 Point clouds remove outlier noise results. (a) Point cloud before denoising; (b) Statistical filter denoising; (c) Radius filtering

denoising; (d) VG-DBSCAN clustering filter
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Table 1 Comparison of the results of the three filtering methods

Point size
Method Consuming time/ms
Original After segmentation After denoised
Statistical outlier removal 36529 180.23
Radius outlier removal 42618 40546 37487 274.37
27953 124.69

VG-DBSCAN
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Fig. 9 VG-DBSCAN filter denoising local effect. (a) Before denoising; (b) After denoising
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Fig. 10 Comparison before and after downsampling
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Table 2 Point cloud pretreatment process
Preprocessing Remaining point size (original size: 42618) Consuming time/ms Simplification rate/%

Segmentation 40546 5.27 4.86
Denoising 27953 124.69 29.55
Downsampling 3484 2.14 57.41
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Table 3 Point cloud matching results before and after pre-processing

Preprocessing Point size

(with or without) Current frame

Previous frame

Euclidean fitness score Consuming time/s

44104
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Two-frame point cloud registration result

Overview: Aiming at the problem that LiDAR point cloud data density is high in urban 3D environment, there are
many outlier noises, and the scattered distribution is not conducive to the matching of point clouds in the later period, a
preprocessing method for 3D LiDAR point cloud matching in urban complex environments is proposed. The method
includes three parts: ground segmentation, outlier noise filtering, and downsampling.

The road surface segmentation method converts the point cloud into a mean elevation map, uses the gradient differ-
ence between the grids to divide the grid, and then accurately separates ground points from non-ground points. Then,
the DBSCAN algorithm is improved by using a three-dimensional voxel grid partitioning method. The improved algo-
rithm divides the three-dimensional point cloud data into multiple adjacent segments with a voxel grid as a unit ac-
cording to dimensions, and creates a grid cell. The set of components, which greatly reduces the search scope of each
object in the data space neighborhood, as long as the current object's spatially adjacent grid cells can be scanned to
achieve its neighbors, rapid discovery of each cluster. The comparison experiments show that the proposed algorithm is
superior to the existing typical methods in point cloud denoising, simplification and time-consuming. After the ground
segmentation and denoising, the number of three-dimensional LiIDAR point clouds and the point cloud density are still
quite large. A lot of data describe the environment more accurately, but at the same time it also imposes a huge burden
on the computational efficiency of the algorithm. Therefore, the third step of the preprocessing of point cloud data is
downsampling of the data frame. In this paper, point cloud data is mainly used for point cloud inter-frame matching,
and the point cloud density can be appropriately reduced to improve the efficiency of the algorithm without affecting
the representation of environmental features. The downsampling method based on the Voxel Grid filter greatly reduces
the size of the point cloud by replacing the grid with the center of gravity of all points in the voxel grid.

The above three processes can preserve the geometric characteristics of the non-ground point cloud while reducing
the size of the point cloud, ensuring that the feature information will not be lost as the number of point clouds decreases,
and the preprocessing process will take a short time. Realize real-time processing. Applying the pre-processing method
to point cloud inter-frame matching can not only filter out a large number of outlier noises in the two-frame point
cloud, but also significantly reduce the size of the two-frame point cloud. Experimental results show that the pretreat-
ment method proposed in this paper can significantly improve the accuracy of matching and reduce the
time-consuming matching.

Citation: Zhao K, Xu Y C, Wang R D. A preprocessing method of 3D point clouds registration in urban environments[J].
Opto-Electronic Engineering, 2018, 45(12): 180266
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