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Position Estimation of Near Light Point Sources

Using Clear Hollow Sphere*

Takahito Aoto

Abstract

Photometric stereo, which reconstructs 3D shape of objects from images taken
with different light source positions, is expected to be used for the field of digital
archiving and object recognition. In recent years, photometric stereo methods
that use near light sources are intensively investigated because of their high po-
tential for estimating normal directions with high accuracy. In these methods,
position estimation of near light sources is one of the important problems. Con-
ventionally, this problem has been solved by using observed reflected lights on
multiple reference objects or self-shadows of a single reference object of known 3D
shape. However, the former approach requires geometric calibration of reference
objects in advance, and the latter has a problem that estimating light positions is
not stable due to many unknown parameters. In order to solve these problems, we
propose a method for estimating positions of near light sources using reflected po-
sitions of the two kinds, outside and inside, specular lights on a single clear hollow
sphere. This method has the following features; (1) geometric calibration for mul-
tiple reference objects is not required. (2) positions of corresponding reflections
are observed on an epipolar line and thus it is easy to find corresponding pairs of
reflected positions. (3) position of near light sources can be stably estimated by

minimizing re-projection errors. In experiments, the accuracy of estimated light

*Master’s Thesis, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT1051001, March 16, 2012.
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positions by the proposed method is evaluated using both simulation and real
data. We also demonstrate the effectiveness of our method by estimating normal
directions of object surfaces using a photometric stereo algorithm with estimated

positions of near light sources.

Keywords:

Position estimation of near light source, Clear hollow sphere ,Reprojection error

minimization , Photometric stereo
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