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Multi-Image Photometric Stereo Using Surface Approximation by Legendre Polynomials
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ABSTRACT

In this paper, we propose a new photometric stereo algorithm which reconstructs object shapes from multiple images. In the
proposed iterative algorithm, given 3D surfaces are approximated by Legendre polynomials and the relationships between the
given surface and its derivatives are generated as matrix forms in terms of polynomial coefficients. Also the reflectance map is lin-
earized and the cost function expressed in quadratic matrix form in terms of polynomial coefficients is minimized. The relative
depth and its derivatives are obtained by updating them iteratively. Performance of the proposed photometric stereo algorithm is
evaluated in terms of the brightness error, orientation error, and height error, and the performance comparison of the proposed and

conventional algorithms for noiseless/noisy images is shown.
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Fig. 1. Contours for given brightness values in the gra-
dient space.
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Fig. 2. Grid for the surface height in a 4X4 image.
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Fig. 3. Partition of the overall region.
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Fig. 4. Input images used in experiments.
(a) sphere 1. (b) sphere 2. (¢} ellipsoid. (d) saddle. (e) peaks. (f) gr. (g) sombrero.
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Fig. 5. 3D shapes of input images used in experiments.
(a) sphere 1. (b) sphere 2. (c) ellipsoid (d) saddle. (e) peaks. (f) gr. (g) sombrero.
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Fig. 6. 3D shapes reconstructed by the proposed algorithm with twoinput images.
(a) sphere 1. (b) sphere 2. (c) ellipsoid. (d) saddle. (e) peaks.
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Table 1. Error performance of the proposed algorithm
with two input images.
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Table 2. Error performance of the proposed algorithm
with there input images.

CCH Ep Eo Ey
sphere 1 0.41 0.356 0.463
sphere 2 3.32 3.450 0.350

elliptic 2.13 2.543 0.573
saddle 2.24 2.079 2.747
peadks 1.23 2.301 5.537
gr 6.27 10.110 1.050
sombrero 3.97 3.474 1.517

i Ep Eo Ey
sphere 1 0.428 0.200 0.684
sphere 2 2.908 2.198 2.254

elliptic 1.567 1.195 0.185
saddle 2.051 3.040 2.148
peadks 0.881 0.886 0.965
gr 5.530 6.988 0.946
sombrero 3.967 2.856 2.299
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Fig. 7. Performance comparison of two-image photometric stereo algorithms for the noisy sphere 1 image
as a function of standard deviation of additive Gaussian noise.
(a) brightness error. (b) orientation error. (¢} height error.
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