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Shape recovery from images is a fundamental task in computer vision. In this task, a target scene’ s
three-dimensional (3D) shape is recovered from its image observations. The recovered shapes play
essential roles in various applications, such as digital archives for preserving cultural heritages,
city modeling for mapping services, and surrounding environment reconstruction for augmented reality
experiences. Among all shape recovery methods, photometric-based methods are especially suitable for
high—-fidelity shape recovery. They first estimate per—pixel surface normals from single-view images
captured under varying light conditions and then integrate the surface normals to obtain the 3D shape
Therefore, the success of photometric shape recovery depends on reliable normal estimation and
integration methods.

Although various methods have been proposed for normal estimation and integration, they are complex to
apply in practice. In particular, two complexities in photometric shape recovery methods limit their
applications. (1) Complex imaging setups are required for normal estimation. A typical capture procedure
is to turn on multiple lights in turn to actively illuminate the scene, and may require careful
calibration between the camera and lights. Consequently, photometric—-based methods are not handy to
apply and are mainly limited in laboratory or factory environments. (2) Complex strategies are used to
handle outliers and discontinuities in normal integration. Existing normal integration methods require
tedious hyperparameter tuning or non—convex optimizations to handle outliers. On the other hand
preserving the discontinuities in normal integration is so challenging that no existing method can solve
the problem well. This thesis develops lightweight photometric shape recovery approaches to facilitate
its real-world applications. In particular, we propose a lightweight imaging setup for high—fidelity
normal estimation, a hyperparameter—free least—squares method to handle outliers in normal integration,
and a straightforward strategy for effective discontinuity preservation in normal integration.

In Chapter 2, we propose stereoscopic flash/no—flash photography to estimate high-fidelity surface
normals and albedos. Our imaging setup only uses a stereo camera and a flashlight to capture the scene
twice. As a result, we demonstrate that our method can be directly applied on off-the—shelf smartphones.
In Chapter 3, we formulate the normal integration problem as the inverse plane fitting problem to handle
outliers in the normal maps. Our objective function to be optimized remains least—squares and
hyperparameter free. Nevertheless, we demonstrate that this least—-squares formulation yields smooth
shapes in the existence of outliers.

In Chapter 4, we propose bilateral normal integration to preserve discontinuities in the shape. Our
method’ s key is to model the discontinuities from the unknown shape. The discontinuities can be
gradually recovered by iteratively solving for the shape and updating the discontinuity maps from the
currently estimated shape.

As a result, this thesis realizes high-fidelity shape recovery from a lightweight imaging setup
applicable on off-the—shelf smartphones. By stereoscopic flash/no-flash photography, we can estimate
high-fidelity normal maps. Then we can integrate the nor— mal maps to obtain high-fidelity shapes with
discontinuity preserved, and the shapes are barely affected by outlier normal vectors.
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