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(A Study on the Analysis of the Error in Photometric Stereo
Method Caused by the General-purpose Lighting Environment)
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Abstract

This paper presents a new approach of analyzing errars resulting from nonideal general-purpose lighting environment when
the Photometric Stereo Method (PSM) is applied to estimate the surface-orientation of a three-dimensional object. The approach
introduces the explicit modeling of the lighting environment including a circular-disk type irradiance object plane and the direct
simulation of the error distribution with the model. The light source is modeled as a point source that has a certain amount of
beam angle, and the luminance distribution on the irradiance plane is modeled as a Gaussian function with different deviation
values. A simulation algorithm is devised to estimate the light source orientation computing the average luminance intensities
obtained from the irradiance object planes positioned in three different orientations. The effect of the nonideal lighting model is
directly reflected in such simulation. because of the analogy between the PSM and the proposed algorithm. With an
instrumental tool designed to provide arbitrary orientations of the object plane at the origin of the coordinate system, experiment
can be performed in a systematic way for the error analysis and compensation. Simulations are performed to find out the errar
distribution by widely varying the light mode! and the orientation set of the object plane. The simulation results are compared
with those of the experiment performed in the same way as the simulation. It is confirmed from the experiment that a fair
amount of errars is due to the erroneous effect of the general-purpose lighting environment.
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