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Shape Reconstruction based on Similarity in Radiance Changes

under Varying Illumination
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Objective Key Idea

® Novel Technique for Photometric Stereo Similarity in Radiance Profiles (N-d vectors)
Similarity in Normals (3-d vectors)
Radiance profile Radiance

| - I
The way observed pixel intensity
Shape recovery only from a set of images ’ changes under varying illumination | /*
taken under varying lighting I I . | I 1 |
- Unknown reflection model

Frame 1 Frame 2 Frame 3 Image frame
- Unknown illumination conditions (varying illumination)

cf. model-based approach, example-based approach L . . . .
Estimating surface normals via dimensionality reduction

Proposed method

® Geodesic Distance along Manifold (@)L (b) TS (c) L +TS (d) L+TS  (e) Ground

o . . Input truth
Geodesic distance < Euclidean distance . ! ! ! !
e image
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The shortest distance along the manifold Surface . . . . .

normal
N-d space 3-d space

Height

2-d manifold 2-d hemisphere

(radiance profiles) (surface normals) @ Real Images
! . - - . . Root-mean-square errors
Normal Height
The geodesic distance . The angle between (degree) (ratio)
between radiance profiles ~ surface normals 57 0,066
Dimensionality reduction preserving distance 85 0.093
5.2 0.059
6.0 0.072
L: Lambert

Effective use of attached shadows TS: Torrance & Sparrow

® Attached shadow coding:
encode surface points on the basis of attached shadows observed under different light sources

é,= (0,0,1,---) ; ra:ﬂa:c'ﬁg Shadow Advantages:
- Applicable to various reflectance properties
e.g., highly specular surface, composite material,
/ et anisotropic BRDF
- Robust against noise

— - Unknown illumination conditions
different light sources

¢,=(1,0,0,---) =y
Similarity of codes =  Similarity of normals b o

Dimensionality reduction preserving distance 80 ~3.5° 560 =3.5°
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