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Estimating Surface Reflectance Properties by Inverse Rendering

TAKASHI MACHIDA, HARUO TAKEMURAt and NAOKAZU YOKOYAft

In augmented virtuality, it is important to estimate object surface reflectance properties
to render objects under arbitrary illumination conditions. There exist a number of methods
to estimate reflectance properties of object surfaces densely. To estimate surface reflectance
properties, there are inverse rendering techniques. This paper describes three new methods
categorized in inverse rendering for densely estimating non-uniform surface reflectance prop-
erties of real objects constructed of convex and concave surfaces. Moreover, we enable to
estimate reflectance parameters without an influence of diffuse and specular interreflections.
We use registered range and surface color texture images obtained by a laser rangefinder.
First, we select optimum light sources to take color images for discriminating diffuse and
specular reflection components of surface reflection. Surface reflectance parameters are then
estimated based on an inverse rendering framework. Experiments show the usefulness of the
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proposed method.
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Fig.1 Flow diagram of estimating surface reflectance
properties.
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Fig.2 3D-Digitizer.
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Fig.4 Possible positions of light source.
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(c) Object C
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(d) Object D
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Fig.7 Four objects used in the experiment.
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Table 1 Measurability of both reflection components and the number of selected

light sources for estimating the reflectance parameters of Objects A, B, C

and D.
Measurement object Object A Object B Object C Object D
Number of selected light positions 14(4) 10(3) 9(4)
Diffuse reflection component 100.0% 100.0% 100.0% 100%

Specular reflection component
(with our method)

85.46%

91.02% 89.17% 91.72%

Specular reflection component
(with 60 light positions)

92.23%

93.56% 91.27% 94.90%
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Fig.9 The object point in multiple texture images.
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Fig. 10 Estimated reflectance parameters and measurability for Object A.
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Fig.11 Estimated reflectance parameters and measurability for Object B.
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Fig. 18 Difference between estimated diffuse reflectance parameters with Method I and II.
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Fig.20 A comparison among three methods for Object E with dffuse surfaces

(experimental setup 1).
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Fig.21 A comparison among three methods for Object E with glossy surfaces

(experimental setup 2).
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Fig.22 Differences between real and synthetic cylindrical images for Object C.
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Fig. 23 Differences between real and synthetic cylindrical images for Object D.
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Fig.24 Relation between the differences and the count of iteration for Object C and D.
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Table 3 Average and variance of differences between real and synthetic images.

Object A Object B Object C Object D
Average Method I 30.3 40.1 21.7 29.3
Method I 17.7 20.1 8.7 13.3
Method III 1.11 1.06 0.51 0.92
Method IIT
with GPU 0.99 1.12 0.44 0.90
Variance Method I 709.1 812.9 653.3 698.0
Method II 501.9 485.4 493.3 375.2
Method IIT 6.8 8.0 3.2 9.8
Method IIT
with GPU 5.5 7.7 3.3 8.6
Computational Method I 0:20 0:26 0:23 0:18
cost (hh:mm) Method II 3:32 3:51 3:11 2:34
Method IIT | 4:39 (1:07) | 4:58 (1:07) | 4:43 (1:32) | 4:21 (1:47)
Method IIT
with GPU 3:48 (0:16) | 3:59 (0:16) | 3:27 (0:08) | 2:47 (0:13)
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(b) Rendering results of Object D
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Fig.25 Rendering results of Object C and D under arbitrary illumination conditions.
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