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With the advances in technology of sensing, it has become very easy to digitize
various objects and capture detailed images and models. An extensive amount of research
is being conducted to utilize such data for shape analysis. One of the major directions in
shape analysis is to obtain the correspondence between shapes through non-rigid
registration.

Non-rigid registration is a challenging problem. This is due to the fact that an
infinite number of solutions can be obtained when deforming an object to match another
object. Past works on registration have mainly focused on proposing appropriate
regularization on the deformation to arrive at a unique solution. These methods focus on
matching the shapes as much as possible without considering the alignment of
characteristic parts. In the analysis of shapes, however, correspondence between the
characteristic features is significant.

In this dissertation, we propose non-rigid registration methods for shape analysis.
We introduce the idea of locally rigid but globally non-rigid registration in order to align
the shapes as well as their characteristic feature structures automatically. We also propose
a group-wise registration strategy based on this idea.

The first method overcomes the problem of feature correspondence in non-rigid
registration by introducing a novel dual-grid FFD (free-form deformation) framework.
The method is based on an implicit shape representation, the signed distance field (SDF),
and conducts a locally rigid but globally non-rigid registration. Our strategy treats the
source shape as a collection of local structures and match them to corresponding locations
on the target shape. The local transformations guide the movement of FFD control points,
which determine the overall deformation.

The second method refines the locally rigid globally non-rigid registration strategy



by introducing a smoothness constraint and a weighting scheme based on distance from
the surface. The method accurately and automatically aligns the shapes as well as the
characteristic features, and also produces a smooth deformation grid by suppressing
movement in regions that have little effect on the deformation of the actual shape.

We further extended the method to registration of multiple objects. We apply the
locally rigid globally non-rigid registration method to each of the shapes in a group and
transform them simultaneously. The strategy is designed to bring together all the shapes
in the group to an ““average" location, and automatically achieve meaningful
correspondence between the shapes, including the characteristic features.

In this dissertation, we describe the theory behind each of these methods and
present the results to demonstrate the effectiveness of the proposed methods.
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