Vol. 41 No. SIG 10(CVIM 1)

gooboao

ooooooooooOOoOooOoOoooboooOoooobooboooboo

J0budooboboonn

O o o of o o o of

30000000000000000O00000O000OO0O0DOO0OOO0OODOOOO0OO0OO
0000000000000 0300000000000 Torrance-Sparrow 0000000000
0o0000o000o0oo0ooooO0bo0O00O000O0O0000O00000000000 Torrance-
Sparrow 00 0000000000000 O0OO0O0O0O0O0O0O0O0OODOOODOOOOOOOOOO
Torrance-Sparrow D0 00 Phong 00D 0000000000000 ODOOOO0ODODOOOOO
00000000000 00000O000000O00000 Torrance-Sparrow JO0 0000000
Dooooooo0oo0oO0o0o0oO00O0oCcCDO0O0000O00000000 Torrance-Sparrow [J
oooooooOoooOo0ooOOoO0ooOoO0OO000000000O000O00DO0 100000
oo0o0o0ooO0oOooO0o0oOOo0o00oOo0oo0OU0OOoO00O0OOOoOO0ODODODOODOOODOO
oooooOooooO0obOoo0OoO0O0b0O00bOO00O00O0DOO000000O0OO00O00O0O0D0O0
0oo0ooooooo00oOo0oO0ooooooooooo0oon0 cGoooopooooonoon
ooooooooooo

Analysis and Estimation of a Three-Dimensional Reflection Model

NORIHIRO TANAKAT and SHOJI TOMINAGAt

A method is described for analyzing a three-dimensional reflection model and estimating the
model parameters. An object surface is assumed to be composed of non-conducting materials
called inhomogeneous dielectric materials, and the Torrance-Sparrow model is used as the
three-dimensional reflection model. First, we examine the validity of the model. The model
is fitted to the reflectance data measured by a gonio-photo meter. We determine the com-
ponents and parameters needed for the best fitting. It is shown that the Torrance-Sparrow
model is much better than the Phong model in fitting at the specular reflection, and the
Fresnel reflectance term can not be neglected. The index of refraction of an object can also be
estimated using the model. Next, we propose algorithms for estimating the Torrance-Sparrow
model from a color image by a CCD camera. The model parameters are estimated using a
color image acquired by a calibrated imaging system. Color parameters are then determined
on the color histogram analysis. Moreover to estimate the surface roughness parameter, we
present an algorithm using a reflectance map and a brightness image for the specular reflec-
tion. Finally, CG images are generated with the estimated parameters in order to visually
confirm the feasibility of the proposed method.
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Fig.1 Geometric model of reflection.



Vol. 41 No. SIG 10(CVIM 1)

D(p) = exp{—In(2)p*/7*} (2)
00000000000000000000000
000000000000000000~00000
D(p) 000 1/20000000000000000
ooooooooooo0

FOOOOOODODOOOOOOOOOOOOO
0000000000000000 n(A) 00000
k(\) 000000000000000000000
000000000000000000000000
0000000 k(N 00000000 0000000
000 »(\) 00000000000 O0®Y0000
000000000000000 »n00000000
000 000000000000000000000
000 60000 »n00000000000000
o000

F(05,n(X),k(A) =
1 (g —cos(6:))
2 (g + cos(6:))?
. {]_+_[COS(90(9 + cos(6s)) — 1Hz } 3)
[cos(6:)(g — cos(6:)) + 1)]
O000¢g*>=n?+cos?(6;)—10000

0000 Torrance-Sparrow U0 00O O0O0ODOO
000000000000000000000000
000000000000000000000000
000o0O0O0o0oooo

2.2 00000ODOOOOOOO

00000000000000000000000
0000000000 D00ODOO0OO spectral radiance
factor 00 0000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000000000
000 Yr(\) DO (1)0DODO0OOO0OO0 S\ =
ooooooo

Yr(A) = acos(6i)E(X) (4)
00000000000000000000 »(\) 0
0O ()00 (4)0000000000000000

Y (A F(6:,n)D

V) = gk = SO0 + 5 e
000 400000000 B =3/a000000
00000000000 S\ 0000100000
oooo0ooooOoO0

2.3 000000000

0000000000000 O0GSP-2000000
00000000000000000000000 10

F(Hi, n)

i

jJoboooooooboooooo 3

gooe0o00O0C0O0 SDODOODODODODOOD
gooooooodoo —=voDbO0 47000000 5
gooooooboobobobobooboooooboooo
gooooboooobooobD —-1o000 4100
gobobOooldb0ooobOooooobooooboot
oboooooboob 200000000000O00O0O
goooo0oobD 1onmO00 3100000000

gbooobbobobooobbobooboooo
goobooooobobobobbobooog 200
gboodo ls0o0oboooooobooobooboo
goooooooooooboo 20000bO0OO0O
goooobooooobooooooobobooo
oboooooboobooobooooooobobooo
goono
(1) 0O000oooo

0200000000000D0O0O0OOO0O0OO
gooooo3dsbbobooboobobooobobooo
gooooboooboooboob 20000000
gogooobooobooboobobobooooobo
gbobooboobooooooobobobboobooon
gboooooboboooobbooboooobooon
gobooooboooboboboboooooobbooOoo
S\ 0000oO0oooooUooooOoo
(2) 0OOOOOO

ooopooogooo e, =60000000000
gooooooooo

rs = 3'F(6;,n) [ cos® (65) (6)
goooboobooooobboobbobodrs o
000 nO00000 g 0000000000000
0000000000 /000000000000
odnO0OO0OO0O0ODODOODDO rsOOooooOO
O000o0o0oo0o g0 n.000000

000000000000 8 (=64/a)00000

HLEE+ ST

0
Zhfder) 0| o0

02 000000000DO0OODODOODO0O0O0OOOOOD
Fig.2 Example of the spectral reflectance distribution
measured from a yellow plastic plate.
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Fig.3 Example of the estimated specular reflection coeffi-
cient for different values of the index of refraction.
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Fig.4 Shape of reflectance around the specular peak.
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Fig.11 Color histogram in a RGB space.
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Fig. 14 Measured image of a green tray.
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Fig.16 Component images for diffuse and specular
reflection.
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Fig. 18 Trajectory of solution on the image.
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019 0000000000000 00000 CGO0
Fig.19 CG image of the tray generated with estimated
parameters.

020 0DO0OOOOOOOO
Fig.20 Measured image of a yellow cylinder.
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Fig.21 Comparison between the measured images and CG
images using two models for a cylinder at different

angles of incidence.
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