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Inverse Problem Approach for BRDF Modeling

KEer Iwasaki, ! YosHINORI DoBAsHI™
and TOMOYUKI NISHITAT3

This paper presents a BRDF modeling method, based on an inverse prob-
lem approach. Our method calculates BRDF's to match the appearance of the
object specified by the user. By representing BRDFs by a linear combination
of basis functions, outgoing radiances of the object surface can be represented
using basis functions. The calculation of the desired BRDF results from calcu-
lating the corresponding coefficients of basis functions that minimize the sum
of differences between the outgoing radiances, represented using basis func-
tions and user specified radiances. The properties that BRDF's must satisfy are
described by linear constraint conditions. This minimization problem can be
solved, interactively, using a linearly constrained least squares approach. Thus,
our method allows the user to design BRDF's directly, under fixed complex
lighting and viewpoint, and to view the rendering results interactively, under
dynamic lighting and viewpoint.

1. Introduction
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(b) user specifies regions (c) rendering result
(white strokes) to add highlights using modeled BRDF
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Fig.1 These figures show the overview of our method. The left image (a) shows the car body with

(a) initial state
(car body is diffuse BRDF)

diffuse BRDF as the initial state. As shown in the center image (b), the user paints strokes
where the user wants to add highlights or change colors. Our method models the BRDF so as
to create highlights in the regions specified by the user. The right image (c) shows the result
that is rendered by using the calculated BRDF. The computational time of the BRDF in (c)
is 0.26 sec. As shown in (c), our method can obtain the BRDF to match the appearance the
user requested interactively.
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Fig.2 Calculation of outgoing radiance.
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Fig.3 Half vector.
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(d) changing viewpoint

(c) relighting
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Fig.4 Example of car rendering with BRDFs calculated by using our method.

O0O0O0OO0OSRBFOOO ¢ 000000000000000000O0CO00OOOO0
000000000000000000000 JO 14703 x7x 7000000 0SRBF
O000O0ADOOO o0 AODOOO 62=1-(cosh(2)) — (2N~ Hoooooo™oo
000 o=7/40000 A00000000000000000 (16)000000000
N 0192000000

01000000000000000000000000 CPUO Core2Quad 2.66 GHzO
GPU O GeForce 8800 GTX 00000 PCOODOD 1 0000000000000
BRDFOOOOOOO00O0O0O0000000000000000000000000000
00000000000000000000000000000000000000 BRDF
00000000000000

0000000000000000000000000000000000000000

(© 2009 Information Processing Society of Japan



1923 000O0O0O0OO0OOOO0OC BRDFOOOOO

(a) initial state and strokes (b) result
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(c) initial state and strokes (d) result
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Fig.5 Example of bunny rendering with BRDF's calculated by using our method.

(a) initial state (b) result
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Fig.6 Example of dragon rendered with BRDFs calculated by using our method.
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Table 1 Statistics of our method. T represents the computational time to solve least square prob-
lem. N is the number of pixels. Tyqns indicates the time to calculate transfer functions.

Fig. No. | Vertices | fps T N Tirans
Fig. 1 77K 2.2 0.26 sec 2,656 28 sec
Fig. 4 TTK 2.2 0.17 sec 1,797 | 24sec
Fig.5 22K 2.3 0.14 sec 1,299 22 sec
Fig. 6 30K 2.2 | 0.17sec | 1,700 | 24sec
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