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Voxel model from
3 dimentional point cloud

for displacement extraqction of landslide
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Abstract

A landslide is phenomenon of ground movements in very wide area, and the cause of it is geological conditions,
such as terrain, soils, rainfall and groundwater. The ground deformations, such as cracking, steps, depression,
sometimes occur in landslide area. A landslide damages the infrastructures and endangers human lives. In order
to prevent landslides, monitoring the behavior of the landslide is important. Generally, landslide monitoring uses
the devices, such as GPS(Global Positioning System), extension gauge, inclinometer. But, the methods using these
devices can measure ground movements at only few points and lines. The detail behavior observation of whole
landslide is difficult. LiDAR can acquire high density and wide range three-dimensional coordinate data of land
surface. The landslide monitoring using LiDAR is carried out by various research organizations. The monitoring
using ground based LiDAR detect the ground movement by differential analysis of two seasonal LiDAR data.
The differential analysis can extract displacement of ground, but the moving direction cannot be extracted. The
monitoring using aerial LiDAR can identify the displacement area by the image correlation technique of surface
models, which created from two seasonal data acquired by aerial LIDAR. However, the image correlation technique
cannot extract displacement of ground.

In our laboratory, ground based LiDAR measurements have been carried out at a landslide prevention area of
Chojya district in Kochi Prefecture since 2003, in order to understand the movement of the landslide. In addition,
techniques of displacement extraction have been developed in keeping the accuracy of LiDAR data. Akiyama
developed the method for landslide monitoring using ground based LiDAR, which focus on the movement of in-
tersections of three planes of revetment blocks. This method indicated an average displacement of approximately
3 cm/yr toward the landslide direction. However, this technique can only apply to the surface of artificial objects.
Therefore, the methods, which can apply to the surface of natural objects such as natural slope or natural cliff,
are needed to be developed. The purpose of this study is to develop the method for detecting three-dimensional
displacement of a landslide using ground based LiDAR, which can apply to the surface of natural objects. This
method is based on voxel model. Firstly, after the acquisition of two seasonal LiDAR data, coordinate transforma-
tion was done to overlay two data precisely. Secondly, the voxel model of ground is created by separating point
cloud data into each voxel and calculating the means of coordinate values in each voxel. Finally, three-dimensional
displacement of a landslide is extract by calculating the distance between the corresponding voxels of two seasonal
voxel models from the average value of the coordinate.

In this study the displacement extracted with voxel size of 10cm to target Choja and Takase. As a result,
displacement was found extract in the landslide direction. Method for landslide monitoring using intersection
of three planes of revetment blocks developed by akiyama. [71The method has performed in revetment blocks,
became overall movement of about 3cm in the landslide direction. In contrast, dispacement extraction with voxel
of this study, became result that moves about 2.5cm in landslides direction, and close value. In terms of method,
Akiyama was not able to partially automate of intersection of the calculations. But in the displacement extraction
with voxel, can be automated by voxelized to displace extraction and analysis time can be shortened. Further

studies are needed in order to consideration of appropriate voxel size and remove unnecessary data.
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