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Simulation of reflected sunlight using a voxel model in a forest
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Abstract

Currently, accurate monitoring technology for global environment is an important issue. Land observation satel-
lites is valid for monitoring of global environment. Satellite imagery has radiance information as an attribute.
Satellite imageries were processed by research institutes and provided to users as products. The products of satel-
lite imagery are used in many research fields. To verify accuracy of the products, inverse estimation for radiance is
applied by ray tracing using physical model. The physical model is combined atmosphere and landcover. Usually,
surface model has been used as a landcover. However, surface model can’ t represent complex structure of a forest.

Voxel model is one suitable model that can represent three dimensional complex structures of a forest. Voxel
model is the data model to represent three-dimensional space with a small cube. The small cube called voxel
can be stored various physical quantities for example, leaf area, woody material volume and so on. Voxel model
of the forest stored physical quantities will be expected to verifying products of satellite imagery. Nowadays,
simulator for radiance using a voxel model and ray tracing has developed. The simulator called FLiES (Forest
Light Environmental Simulator). FLIiES has used many researchers, but shape of the tree was used simple geometry
such as a cylinder, a conical shape, or the like. In this research, brightness of aerial images was simulated by ray
tracing of sunlight using a voxel model. The test area was selected evergreen broad-leaf forests, evergreen needle-
leaf forest and deciduous broad-leaved forest in the deciduous period. At evergreen broad-forests and evergreen
needle-leaf forest, shadow and shade was simulated. At deciduous broad-leaved forest, scattering cross section
was simulated. The reason for using aerial images is to avoid the influence by the atmosphere. Firstly, aerial
images with resolution of 10 cm were simulated from a voxel model with a size of 10cm. Next, resolution was
downsampled to 50cm, 100cm, 150cm and 200cm. Finally, correlation coefficient of simulated images and aerial
images was calculated in each resolution.

As a result, the correlation coefficient was 0.384 at evergreen broad-leaf forests, 0.748 at evergreen needle-leaf
forest and 0.671 at deciduous broad-leaved forest. At present, simulation method of shadow and shade was used
surface of voxel model. To improve the correlation coefficient, shadow ratio and sky view factor should be stored

in all voxel as attribute.
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