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Position Estimation of Near Light Sources
Using Specular Reflection on Clear Hollow Sphere

TAKAHITO A0TO,!! TAKAFUMI TAKETOMI, !
ToMoKAZU SATO™! and NAokAzZU Yokova Tt

Position estimation of near light sources is one of the important problems
for 3D shape estimation by photometric stereo. In this report, we propose a
novel method for estimating position of near light sources by using reflected po-
sitions of light sources on a clear hollow sphere. Conventionally, 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, and the lat-

ter approach has a problem for estimating light positions stably due to many
unknown parameters. In order to solve these problems, we propose a method
for estimating positions of near light sources by using reflected positions 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 multiple
reference objects is not required. (2) positions of corresponding reflections are
observed on an epipolar line and thus it is easy to find corresponding pair of re-
flected positions. (3) position of near light sources can be accurately and stably
estimated by minimizing re-projection errors. In experiments, we demonstrate
the effectiveness of our method showing the accuracy of light positions estima-
tion, using simulation and real image data.
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Fig.1 Clear hollow sphere

goooooooooooooo,boobobo0ooobobo0oboooooooobooboOo. 0oDo
go,0oo0ooooobooooooooooo,bboo0ooobooboo0ooo,oooooboon
cooooooooOOOOOOOOOOO,00000000O0DO0O0O0O0O0O0O0O0O00OO
cooooooooooooooo.
obz2000,0000000000O0O0O0ODOOOOOOOOOOOOOOO. 300
O,cGO000O00000O00OO000DO0O00OO00D0DOO0O0OO00OO00n
ooooooooooooooooo. 000400000000 00O0O0O0O0DOOOO.

2. 0J00obOOoO0ooobO0oboOoooboOobooon

good,boooboooooooobooooooooboooboboob. ob,0ob0bo0ooon
goboooooboobooooboooooooobooooobooOoOoOoOoOoooboooobobooboooon.

2.1 OO0OOO0OooOooo

goooo,b0i100000000C000000C000O0DOOOOOODOOOOOODOO
goooo.oooboocooobooooo,02b000000,00000000D00O0DAO

(© 2012 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

WMEASIRL
%1

— JtiEg2

p =A==l h e

22 EBABR K

/4

N 4
RAEHAS1
/4

P mEHAS HAES

02 000000000000000

Fig.2 Position estimation of near light sources using clear hollow sphere
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Fig.3 Minimization of re-projection errors
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Fig.4 An epipolar plane image for the case light source position exists out of the view volume

containing a clear hollow sphere
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Fig.5 An epipolar plane image for the case light source position exists inside the view volume
containing a clear hollow sphere
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Fig.6 Position of clear hollow sphere and camera in simulation environment
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Fig.7 A map of mean distance error in estimated light position(x=0, o = 0.0)
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Fig.8 A map of mean distance error in estimated light position(x=0, ¢ = 0.2)
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Fig.9 A map of mean distance error in estimated light position(x=0, o = 0.5)
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Fig.10 A map of mean distance error in estimated light position(x=0, ¢ = 1.0)
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Fig.11 Input image under multiple light sources
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Fig. 12 Estimation under multiple light sources
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