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Among all our five senses, vision plays the most important role in our daily life. The objective of
3D vision is to simulate the human visual perception. To formulate it in another way, our
objective is to make the computer "see". Though it is an easy and natural task for the human, it is
a difficult one for-a computer.

Constructing 3D models of an observed scene is of outmost importance for computer vision.
This allows us to interpret the captured images and to tell meaningful information from them. 3D
modeling of a real scene stands for constructing a virtual representation of the scene, generally
simplified that can be used or modified at our will. Constructing such a 3D model by hand is a
laborious and time consuming task, and automating the whole process has attracted growing
interest in the computer vision field. In particular, the task of registering (i.e. aligning) different
parts of the scene (called range images) acquired from different viewpoints is of crucial
importance when constructing 3D models.

During the last decades, researchers have concentrated their efforts on this problem and proposed
several methodologies to automatically register range images. Thereby, key-point detectors and
descriptors have been utilized to match points across different range images using geometric
features or textural features. Several similarity metrics have also been proposed to identify the

overlapping regions.

In spite of the advantages of the current methods, several limitation cases have been reported. In
particular, when the scene lacks in discriminative geometric features, the difficulty of accounting
for the changes in appearance of the scene observed in different poses, or from different
viewpoints, significantly degrades the performance of the current methods.

We address this issue by investigating the use of photometry (i.e. the relationship between
geometry, reflectance properties and illumination) for range image registration. We assume the
rigid surface, known reflectance property and no inter-reflection neither cast shadows. We
consider the scenario where the viewpoint and illumination are fixed while the pose of the object
is changing, and we enforce to leverage as much as possible the assumptions on the surrounding

illumination.

First, we propose a robust descriptor for the registration of overlapping Lambertian range images
that make use of local distribution of albedo. We use adaptive regions to model the local
distribution of reflectance, which enables us to stably extract reliable attributes of each point
against illurnination estimation. We use the popular level set method to grow robust and adaptive
regions to define these attributes. A similarity metric between two attributes is also defined to
match points in the overlapping area, and remaining mismatches are efficiently removed using
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the rigidity constraint of surfaces. The proposed descriptor allows for accurate alignment of
Lambertian range images even under rough approximation of the surrounding illumination.

Second, we propose a method for estimating albedo in parts of specular surfaces for the purpose
of range image registration of épecular objects devoid of salient geometric properties under a few
unknown point' light sources. Our method uses illumination consistency on two range images to
detect specular highlights. Directions and intensities of the surrounding light sources are
estimated from the detected specular highlights, which allows identification of regions where the
diffuse refection components can be extracted. This technique can handle various kinds of
illumination situations and can be applied to a wide range of materials.

Third, we propose a photometric cost function for evaluating the goodness of a rigid.
transformation aligning two overlapping range images under unknown lighting, and under the
assumption of Lambertian surface. Our metric is based on photometric re-projection error but not
on feature detection and matching. By using the spherical harmonics representation of image
formation, we estimate illumination and albedo from the correspondences induced by the input
transformation. We then synthesize the color of one image using albedo of the other image to
compute the photometric re-projection error. This way allows us to derive a photometric metric
under unknown lighting for range image alignment. We use a hypothesize-and-test method to
search for the transformation that minimizes our photometric cost function. Transformation
candidates are efficiently generated by employing the spherical representation of each image. |

With these proposed methods, we significantly enlarge the practicability and range of

applications of range image registration. In particular, the ideal laboratory conditions are no
more required for aligning overlapping range images. '
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