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Throughout this dissertation, we consider high—fidelity 3D shape recovery from images, which is a
fundamental problem in the computer vision field and required in various applications such as cultural
heritage archives, film creation, and virtual reality. Photometric stereo is the most promising
candidate for this purpose due to its ability of shape estimation in a per—pixel manner. It takes a set
of images taken by a static camera under varying, known distant illuminations as input and recovers a
scene’ s shape in the form of surface normal orientation by disentangling the interplay of a surface
normal and reflectance in the image formation. Traditional photometric stereo assumes the Lambertian
reflectance and convex surfaces, which deviate from real-world observations, thus introducing errors in
surface normal estimates. This dissertation proposes photometric stereo methods for non-Lambertian,
general reflectances and convex/non—convex surfaces with simple searching strategies that give a
guarantee of reaching the globally optimal solution within the bound of an objective

First, we address the photometric stereo problem for spatially varying, general reflectances. Unlike
previous methods that are mostly based on continuous local optimization, we cast the problem as a
discrete hypothesis—and-test search problem over the discretized space of surface normals. While a naive
search requires a significant amount of time, we show that the expensive computation block can be
precomputed in a scene—independent manner, resulting in accelerated inference for new scenes. It allows
us to perform a full search over the finely discretized space of surface normals to determine the
globally optimal surface normal for each scene point. We show that our method can accurately estimate
surface normals of scenes with spatially varying reflectances in a reasonable amount of time.

Second, we propose the first nearest neighbor search-based photometric stereo, named Discrete Search
Photometric Stereo (DSPS), for a scene with spatially varying, general reflectances. We show that the
photometric stereo problem for general reflectances can be turned into a well-known nearest neighbor
search problem over a set of appearance exemplars; a set of synthetic appearances generated from all
possible pairs of finely discretized surface normals and reflectances. We demonstrate that the proposed
method efficiently and accurately estimates both surface normals and reflectances, powered by advanced
nearest neighbor search methods.

Third, we address the photometric stereo problem for a general scene with spatially varying, general
reflectances and non—convex surfaces. Since the accuracy of our DSPS is determined by the coverage of
the appearance exemplars, an augmentation of the appearance exemplars directly improves the surface
normal estimation. We, therefore, introduce general appearance exemplars that take into account non—
convex surfaces and more diverse reflectances than existing appearance exemplars. Our general appearance
exemplars can be easily plugged into DSPS and improve the surface normal estimation accuracy,
particularly in non—convex regions. Furthermore, our general appearance exemplars allow us to estimate a
convexity (convex or non—convex) of a surface and incorporate benefits of different photometric stereo
methods using the knowledge of the estimated convexity. We show that our DSPS with general appearance
exemplars can accurately estimate surface normals on both convex and non—convex surfaces with diverse
reflectances. We also demonstrate that incorporating different photometric stereo methods based on the
estimated convexity provides more accurate surface normal estimates than either
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