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Abstract This paper proposes a fast algorithm for three-dimensional face reconstruction using
uncalibrated Photometric Stereo. With a reference face model, lighting parameters are esti-
mated from input face images lighted by unknown illumination, which can be used in classical
photometric stereo to estimate surface normal and albedo. The estimated results are used in
turn to refine the lighting parameters until an optimal estimation of the surface normal is
achieved. Differing from traditional optimization algorithms, the iteration method used in this
paper is a unified process thus results accurate lighting estimation. The proposed method
relaxes lighting constraints and simplifies the image acquisition procedure. The reconstructed
results tested on YaleB and BU3D databases show the effectiveness of our method.
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1 Introduction

Three-dimensional (3D) face reconstruction is one of the most active research fields in
computer vision. The geometrics and reflectance characteristics of the reconstructed human
face are illumination invariant. With specularity and shading removed, the reconstructed 3D
results are robust features of human faces, which can be used in practical applications [29].

However, classical photometric stereo (PS) requires many constraints to reconstruct the 3D
shape and albedo of an object. For example, ref. [18, 27] reconstructed the 3D shape of an
object from several input images, which were captured under a fixed camera and accurately
recorded lighting directions. Recording the positions of light sources cannot always be easily
achieved as in a laboratory, e.g. in a conference room or restaurant, lighting conditions are
complex. Ref. [3, 8] overcame this drawback by using matrix decomposition and an
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