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Bidirectional reflectance distribution factor(BRDF) of trees
using UAV-mounted digital camera images
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Abstract

Satellite remote sensing involves the observation of reflected light from the surface layer and the earth’s surface
with various observation frequencies mounted on satellites. Using multi-temporal observation data for analysis, it
is possible to evaluate seasonal changes in vegetation and the effects of global warming, and sometimes it is also
used for future forecasting. However, satellite data is greatly affected by the reflectance characteristics of surface
objects due to the angle nature of the observation position and the light source position (the position of the sun).
Bidirectional reflectance distribution factor (BRDF) is defined as BRDF (Bidirectional Reflectance Distribution
Factor) is a measure of how the reflectance of an object varies depending on the angle of the incident light source
and the direction of the camera. When analyzing multi-temporal observation data, the observation position and
the light source position are not always the same. The problem with the source position is that the solar altitude
fluctuates throughout the year, causing apparent changes in reflectance. In the current situation of satellite analysis,
the surface of the observation site is often assumed to be an isotropic scatterer, and analysis is performed without
considering the effect of BRDF. Although the surface of the observed land can be approximately isotropically
scattered depending on the environment and the state of the objects, there is no perfect isotropic scatterer on the
ground surface. In particular, when vegetation is the target, the nature of the scattering changes depending on
the distribution density, and shape of the vegetation, so the scattering is not approximately isotropic and must be
treated as an anisotropic scatterer. Therefore, the influence of BRDF has a complex effect on the satellite data due
to differences in the objects on the surface of the observation site, their conditions, and the environment.

In the case of vegetation remote sensing, it has been suggested that BRDF is closely related to the three-
dimensional structure of the target object. Therefore, the BRDF has been studied to capture the BRDF of veg-
etation. Previous studies have only used spectroradiometers on board satellites, helicopters, and airplanes, and
have not investigated in detail the factors that affect the BRDF of each tree. In order to clarify the influence on the
BRDF, observations with a higher ground resolution than spectroradiometers are needed. Therefore, we focused
on the BRDF observation method using a relatively inexpensive UAV-mounted digital camera based on the recent
development of UAV technology. The objectives of this study are to develop an image calibration method to im-
prove the accuracy of BRDF observation using a UAV-mounted digital camera, and to clarify the factors that affect
the BRDF of trees.

A calibration method for bad pixels and vignetting has been established, enabling highly accurate analysis using
full-lens raw images. The BRDF analysis results showed that the BRDF of the target trees were mostly backscat-
tered (negative BRDF slope). The main reasons for the negative slope were leaf color change” and ”shadow ratio
change. When observed in the sunlit side, the leaf reflection tended to be larger and the shadow fraction smaller,
resulting in a negative slope of the BRDF. However, some BRDFs were positive. The reason for this is that the
trees tended to have lower leaf density on the forward-lit side and higher leaf density on the back-lit side, which
reduced the shadow fraction, resulting in a positive BRDF slope. The other major factors affecting the BRDF are
the size of the leaf blade and the orientation of the plane under analysis. We were not able to determine trends in
the effects of these two factors. From these results, it can be said that the BRDF is greatly affected by both leaf
color change and shadow ratio change, thus capturing both the leaf characteristics and the physical characteristics
of the tree.

In addition to the factors studied in this study, leaf orientation, leaf surface material, and leaf health (wetness)
may have a combined effect on the BRDF. High-resolution BRDF observations with ground resolution at least finer
than leaf blade resolution are needed to clarify the factors that affect BRDF. Furthermore, in order to use BRDF as

a physical indicator of vegetation in the future, it is necessary to consider multiple time periods in order to clarify
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the influence of light source location.

iii



