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Measuring Surface Shape of Transparent Objects
from the Analysis of Parabolic Curves and Polarization

DAISUKE M1vyazAaKIt and KATSUSHI IKEUCHIt

In the field of computer vision, no useful methods of measuring the surface shape of trans-
parent objects such as glasses have been proposed. In this paper, we propose a convenient
and beneficial method for measuring the surface shape of transparent objects. The degree of
polarization of the light reflected at the object surface depends on the reflecting angle. The
reflecting angle depends on the surface normal of the object, thus, by measuring the degree
of polarization, we are able to calculate the surface normal of the object. But unfortunately,
the relation between the degree of polarization and the surface normal is not 1 to 1, thus,
to obtain the correct surface normal, we have to resolve this ambiguity problem. In this
paper, we explain the method of resolving the ambiguity by using the differential-geometrical
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property of object surface.
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Fig.1 Location of measurement system.
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Fig.2 Reflection angle and degree of polarization.
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Fig.3 Photograph of bell-shaped object.
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Fig.4 (a) Degree of polarization, (b) segmentation result.
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Fig.5 Gaussian mapping and regions.
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Fig.6 Rotating object at a small angle.
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Fig.7 Gaussian mapping of bell-shaped surface.
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Fig.8 Folding curve on (a) object, (b) Gaussian sphere.
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Fig. 10 Gaussian mapping of slide-shaped surface.
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Fig. 11 Derivative of degree of polarization.
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Fig. 12 Result of hemisphere: (a) theoretical shape and
obtained shape, (b) rendered obtained shape.
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Table 1 Measurement error of transparent hemisphere.
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Fig. 13 (a) Shading image, (b) raytracing image.
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Fig.14 Obtained value and theoretical value.

040oooobooobooobooboobooobo
goooooooobooboooobooooooooo
goooooooooooboooboooooooon
gooooooboooboboooboooboooooon
goooboooooooooobooobooooon
oobo4mmOooooooOoOOOoOOoCoOOn
goboooooocoooboooOooooooooo
ooooono

6. O O

ogboooooooooooobooboboooooboo
goooooooooooooooobobooooobo
goooooooooooooobooooboo
goboooooooooooooboooooooon
goooobooboooobooooooboooooooo
goooooooooboobooobooooooooo
gooobooobooooooooooooboooon
gooooooooooooobooocooooooo
goooboooobooooooooocobooboooon
gooooooooobooooboooobooooo
gobooooooooooooooooooooo
gooooboooooooooobooo
gooooooooooooboboobooooboooon
ggoooodoooooooooooobobOoOoooo
gobooooooooboooboOoooboooooooo
bobooooboooobooobooooooooo
O00¢O0O00000O00O00O0O00O0C0O0000O
gooboobooooooooooooooboooo
gooooobooooooooobooobobooobo
gboobooooooooboooobobooDbooD
goooooooooooobobooooboobonbo

July 2003

000000000000000000000
00000000000000000000000
000000000000000000000000
00000000000000000000O000O0
000000000000000000000000
00000000000 1000000000000
000000000000000000000
00000000000000000000000
00000000000000®%9?0000000
020000000000000000000000
0000000000000000000 HataO®
00000000000000000000000O0

g o0 0 0O

1) Bhat, D.N. and Nayar, S.K.: Stereo and Spec-
ular Reflection, Int. J. Comput. Vis., Vol.26,
No.2, pp.91-106 (1998).

2) Born, M. and Wolf, E.: Principles of Optics,
p.803, Pergamon Press (1959).

3) do Carmo, M.P.:. Differential Geometry of
Curves and Surfaces, p.503, Prentice-Hall
(1976).

4) Chuang, Y., Zongker, D.E., Hindorff, J.,
Curless, B., Salesin, D.H. and Szeliski, R.:
Environment Matting Extensions: Towards
Higher Accuracy and Real-time Capture, Proc.
SIGGRAPH 2000, pp.121-130 (2000).

5) Fujikake, H., Takizawa, K., Aida, T., Kikuchi,
H., Fujii, T. and Kawakita, M.: Electrically-
Controllable Liquid Crystal Polarizing Filter
for Eliminating Reflected Light, Opt. Rew.,
Vol.5, No.2, pp.93-98 (1998).

6) Harnett, C.K. and Craighead, H.G.: Liquid-
crystal micropolarizer array for polarization-
difference imaging, Appl. Opt., Vol.41l, No.7,
pp-1291-1296 (2002).

7) Hata, S.: Shape Detection of Small Specular
Surface using Color Stripe Lighting, Proc. Int.
Conf. Pattern Recognition, pp.1:554-557 (1992).

8) Hata, S., Saitoh, Y., Kumamura, S. and
Kaida, K.: Shape Extraction of Transparent
Object using Genetic Algorithm, Proc. Int.
Conf. Pattern Recognition, pp.684-688 (1996).

9) Horn, B.K.P.: Robot Vision, p.509, MIT Press
(1986).

10) Ikeuchi, K.: Determining Surface Orientations
of Specular Surfaces by Using the Photomet-
ric Stereo Method, IEEE Trans. Pattern Anal.
Mach. Intell., Vol.3, No.6, pp.661-669 (1981).

11) Ikeuchi, K.: Reconstructing a Depth Map
from Intensity Maps, Proc. Int. Conf. Pattern
Recognition, pp.736-738 (1984).



Vol. 44 No. SIG 9(CVIM 7)

12) Koenderink, J.J.: Solid Shape, p.699, MIT
Press (1990).

13) Koshikawa, K.: A Polarimetric Approach to
Shape Understanding of Glossy Objects, Proc.
Int. Joint Conf. Artificial Intelligence, pp.493—
495 (1979).

14) Koshikawa, K. and Shirai, Y.: A Model-
based Recognition of Glossy Objects using
their Polarimetrical Properties, Adv. Robot.,
Vol.2, No.2, pp.137-147 (1987).

15) Miyazaki, D., Saito, M., Sato, Y. and Ikeuchi,
K.: Determining Surface Orientations of Trans-
parent Objects Based on Polarization Degrees
in Visible and Infrared Wavelengths, J. Opt.
Soc. Am. A, Vol.19, No.4, pp.687-694 (2002).

16) Murase, H.: Surface Shape Reconstruction of
an Undulating Transparent Object, Proc. IEEE
Int. Conf. Computer Vision, pp.313-317 (1990).

17) Nayar, S.K., Ikeuchi, K. and Kanade, T.:
Determining Shape and Reflectance of Hy-
brid Surface by Photometric Sampling, IEFE
Trans. Rob. Autom., Vol.6, No.4, pp.418-431
(1990).

18) Oren, M. and Nayar, S.K.: A Theory of Spec-
ular Surface Geometry, Int. J. Comput. Vis.,
Vol.24, No.2, pp.105-124 (1997).

19) Rahmann, S. and Canterakis, N.: Reconstruc-
tion of Specular Surfaces using Polarization
Imaging, Proc. IEEE Conf. Computer Vision
and Pattern Recognition, pp.1:149-155 (2001).

20) Saito, M., Sato, Y., Ikeuchi, K. and
Kashiwagi, H.: Measurement of Surface Ori-
entations of Transparent Objects using Polar-
ization in Highlight, Proc. IEEE Conf. Com-
puter Vision and Pattern Recognition, pp.381—
386 (1999).

21) Saito, M., Sato, Y., Ikeuchi, K. and
Kashiwagi, H.: Measurement of Surface Orien-
tations of Transparent Objects by use of Polar-
ization in Highlight, J. Opt. Soc. Am. A, Vol.16,
No.9, pp.2286—2293 (1999).

22) Sato, Y. and Ikeuchi, K.: Temporal-color
Space Analysis of Reflection, J. Opt. Soc. Am.
A, Vol.11, No.11, pp.2990-3002 (1994).

23) Schechner, Y., Shamir, J. and Kiryuati, N.:
Polarization-based Decorrelation of Transpar-
ent Layers: The Inclination Angle of an Invis-
ible Surface, Proc. IEEE Int. Conf. Computer
Vision, pp.814-819 (1999).

24) Szeliski, R., Avidan, S. and Anandan, P.:
Layer Extraction from Multiple Images Con-
taining Reflections and Transparency, Proc.
IEEE Conf. Computer Vision and Pattern

ooooooo

goooooooooooooooooOoOobbooooo 93

Recognition, pp.246—253 (2000).

25) Wolff, L.B.: Polarization-based Material Clas-
sification from Specular Reflection, [IEEFE
Trans. Pattern Anal. Mach. Intell., Vol.12,
No.11, pp.1059-1071 (1990).

26) Wolff, L.B. and Boult, T.E.: Constraining Ob-
ject Features Using a Polarization Reflectance
Model, IEEFE Trans. Pattern Anal. Mach. Intell.,
Vol.13, No.7, pp.635-657 (1991).

27) Wolff, L.B., Mancini, T.A., Pouliquen, P. and
Andreou, A.G.: Liquid Crystal Polarization
Camera, IEEE Trans. Rob. Autom., Vol.13,
No.2, pp.195-203 (1997).

28) Zongker, D.E., Warner, D.M., Curless, B.
and Salesin, D.H.: Environmental Matting and
Compositing, Proc. SIGGRAPH 99, pp.205—
214 (1999).

(0014090 5000)
(00 150 30 28000)

oo ood

00 00000000
197700020020000000
00O000D0DO000000000
0000000000000000
‘ 0000000000000000
A A 00000000 Physics-based vi-
sion] 00 000000000000000 002000
0 vVSMMOOOOOO

od Ooooood

1973 000000000000
ogoooooooooooo
do0oooooooooooooo
gooooooMITOOOOOOOO
gopopocecMuoooooooono
goooboobboboooo2o00000oboboobon
goodooobbobobbboooooogobooobo
gooooobooboooobooboooooooo
000ooogoIccv-900 CVPR-910 ALJ-920 0
O00O0O0O0-97T0OIEEE R&A 0O-980 00 VROO
OOdg-0000000IROS-950ITSC-99 000000
CVPR-960OICCV-030 000000DOOODOOO
000000o0ooOOoD0DoO0bOOo0oboboooooa
00 0OSAOIEEE 000 IEEE fellowd 2000 O O
IEEE SPO 0000 OO0 Distinguished Lecturer




