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A voxel model
generation for representation
of a forest structure
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Abstract

An aerial LIDAR and a SfM and a ground based LiDAR are utilized as a measurement tool for forest envi-
ronment. The data of LiDAR is point clouds data, which can represent the 3D structure of forest environment.
However, quantity of data is enormous, and the density of point cloud provided by those technique are not ho-
mogeneous. A voxel model attracts attention now in various research fields. Voxel model is the data model to
represent three-dimensional space with microcube. It is generally used for analysis and visualization of medical
and scientific data. Voxel models for trees were created by Hosoi and Omasthe University of Tokyo. By
creating voxel model, the density of point cloud can become homogeneous, and the quantity of data can become
reduced. Calculation results can be given as attribute data in the voxel model. Therefofégdtisecfor process-
ing three-dimensional measurement data with a large amount of data. Construction of general space information
database is expected by sharing data with geologist and biologist.

Therefore, | developed the method of expressing the forest structure using the voxel model given the leaf area
and the stem volume product. In this study, the concept of small voxel and large voxel was adopted, and a method
was devised to give leaf area and stem volume to a large voxel with 10 cm on a side using small voxel with 2 cm
on a side. First, point cloud data of smallArakashi’ was acquired from three directions using ground based
LiDAR. Thereatfter, in order to homogenize the point cloud data, small voxels with a side of 2 cm were created by
dividing point clouds with 2cm interval grid. Each small voxel was classified into 4 types; small voxels consisting
of one leaf point, small voxels consisting of one stem point, two or more points included small voxels with a high
ratio of leaves, small voxels with two or more points and high proportion of trunks. The leaf area of a large voxel
is calculated by using those small voxels within the voxel. Firstly, the number of small voxels consisting of one
leaf point included in the large voxel was multiplyed by the conversioffficient and the number of small voxels
consisting of two or more leaf points was multiplyed by the conversioffficeent, respectivery. Then, the leaf
area of a large voxel was acquired from the sum of those values. The stem volume of a large voxel was calculated
in the same way. The conversion €idgents of small voxels consisting of one leaf point group and small voxels
consisting of one trunk point group were obtained from the measurement density of ground based LiDAR, the
distance to "Arakashi”, and the thickness of the trunk. In the case of small voxels consisting of two or more points,
the conversion cdicient was obtained from leaf area and stem volume obtained by actual measurement. Finally,
three-dimensional coordinates, color information, the number of small voxels, the sum of the leaf area and the stem
volume product were given in the attribute data of the large voxel. By using the proposed method, visualization of
biomass quantity and leaf area index (LAI) have become possible by giving leaf area and stem volume to attribute
data of large voxel.

A voxel model of “Kusunoki’ forest in the Kagamino Park was created, and the leaf area index (LAI) and the
stem volume product were estimated using the voxel model. SiKesunoki’ had a large breast height diameter,
the large voxel was divided again and the inside was filled. Future tasks are the actual measurement of the leaf
area index (LAI) and the leaf area after cut down trees, and the actual measurement of the stem volume, but it can
be expected that the voxel model devised in this research is used as the data for verification of satellite images





