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A new shape-from-shading algorithm

based on Phong model

ZHAQO Zhong-bin,ZHANG Zhi-yi, XING Cai-yan
(College of Information Engineering, Northwest A & F University, Xi’an 712100, China)

Abstract: Focusing on the big error in traditional Shape-From-Shading (SFS) algorithms for hybrid
surfaces, a new SFS algorithm for a single image under hybrid surfaces based on perspective projection is
proposed. In this paper, the Phong reflection model is used to describe the reflectance property of the
surfaces. Assuming that the light source is located at the camera’s optical center, the image irradiance
equation is established for this model. Then, the image irradiance equation is transformed into the Ham-
ilton-Jacobi Partial Differential Equation (PDE) including the shape information of the surfaces. Using
the high-order Lax-Friedrichs (LLF) flux splitting scheme and five-order Weighted Essentially Non-Os-
cillatory (WENO) scheme approximates the viscosity solution of the PDE. Finally, the heights of three-
dimensional surface are obtained. Experimental results show that themaximum error and the mean error
of 3D surface recovery of the new algorithm are significantly reduced, compared with the traditional al-
gorithm,
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Figure 1  Geometric model of Phong reflection
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Figure 2 Perspective projection with a point

source located at the optical center of the camera
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Figure 3 Reconstructed results of the synthetic image
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Table 1 Error comparison of the synthetic image’s reconstructed results
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Table 2 Speed comparison of the
synthetic image’s reconstructed results
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Figure 4 Reconstructed results of the real image
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