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Beta-shape, Quasi-triangulation and Voronoi Diagram
——Geometric Challenges for Molecules

Deok-Soo Kim

(Department of Industrial Engineering, Hanyang University, Seoul, Korea
Voronoi Diagram Research Center (VDRC), Hanyang University, Seoul, Korea)

Abstract: It is a usual understanding that the functions of biological system such as a protein are critically related
with the spatial structure (i.e., geometry and topology among atoms) of the system. This talk will introduce some
important biological problems which are essentially related to the spatial structure of proteins. In the analysis of the
spatial structure of proteins, various kinds of techniques in the computational geometry have been applied since
Richards first employed the Voronoi diagram of points. For example, the noble theory of the (weighted) alpha-shape
has been one of the well-known and frequently used computational methods. In this talk, the generalization of a Voronoi
diagram of points to the Voronoi diagram of atoms and the quasi-triangulation, the topological dual of the Voronoi
diagram of atoms, will be presented. Then, a new and powerful computational concept of beta-shape will be introduced
to facilitate a more efficient computation for the reasoning of the spatial structure of molecules. This talk will then
conclude with other potential applications of the beta-shape in the computer graphics and some open problems.

Mesh Surfaces with Planar Hexagonal Faces

Wenping Wang  Yang Liu
(The University of Hong Kong)

Abstract: Motivated by applications in modeling glass structures in architecture, there has recently been much
interest in modeling meshes surfaces with planar faces. We consider the geometry and computation of mesh surfaces
with planar hexagonal faces from the point of view of discrete differential geometry. We show that the mesh structure
is naturally related to conjugate curve networks on underlying smooth surfaces. Furthermore, we show that the shape
of each hexagonal face is in the limit related to the Dupin indicatrix. These results are then used to compute a mesh
surface with planar hexagonal faces to approximate a given smooth surface.

On Two and Three Variables Trigonometric Surfaces and
Orthogonal Polynomials Over Some Irregular Domains

Jiachang Sun
(Institute of Software, Chinese Academy of Science, Beijing 100080)

Abstract: In this speech based on second order PDE eigen-problems we construct the retionship between
trigonometric surface and orthogonal polynomial surface in 2-D and 3-D over some irregular domains The main
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PDE operator can be seen a mapping of 2-D or 3-D Laplacian from a triable or a tetrahedron domains. Some
recurrences relations so called three-layer have been found in terms of several terms instead of three terms for
univariate case.

As three examples, the two and three-variable analogues of the first and second Chebyshev polynomials and
Legéndre polynomials are discussed.
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3D Shape Representation, Matching and Animation

Hongbin Zha
(State Key Laboratory on Machine Perception, Peking University, China)

Abstract: Development of new methods for representing 3D shapes is an important topic in object recognition,
model-based manipulation, digital geometry processing, and shape animation. In the early days of computer vision,
an object is usually modeled with global representations such as constructive solid geometry, generalized cylinders,
extended Gaussian images, or deformed superquadrics. Recently, more sophisticated representations such as shape
distributions are developed, which allow for matching of objects under general similarity metrics. One drawback of
such global schemes is that they are difficult to be used in matching with scenes where the target objects are only
visible partially due to occlusion or limited view fields. To solve the problem, local representations are introduced to
provide descriptions of free-form details on the object surfaces by using curvatures or spin images. On the other hand,
we can also find a wealth of more flexible schemes such as 3D meshes or point-based implicit surface descriptions,
which are intensively investigated in computer graphics. However, these methods are developed mainly for the
purpose of surface deformation or scene rendering. When they are used for the object matching and recognition, the
computation costs are too high to be implemented in general PC platforms.

In the talk, I will report our efforts in combining the global and local representations to develop efficient
methods for partial object matching and surface animation. At first, I will present a new representation scheme,
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called shape topics, which is obtained by using a bag-of-words model based on probabilistic text analysis techniques.
Here, the shape topics represent a kind of abstract local feature grouping at different levels of granularity, and they
are extracted automatically by a clustering process in a feature space formed by sample objects. In principle, the
shape topics are a set of representative local feature groups, which have great discriminating power to dissimilate the
objects both from global and local viewpoints. Another representation we developed is the generalized shape
distributions that incorporate geometrical relationship between surface points into the original shape distributions. By
doing so, they are able to represent both local shapes and global structures, making partial shape matching possible.
The representations have been successfully applied for retrieving 3D models with partial shape queries.

Another related topic is human face animation and transferring driven by some dynamic constraints such as
videos. If we have a set of key 3D face models for representative configurations of face elements and their shape
changes, it is easy to realize the animation by synthesizing motion and deformation trajectories passing through the key
faces. However, the problem here is the difficulty in extracting the key faces since it is hard to gather a set of 3D training
data with the up-to-date 3D digital technology. To circumvent the problem, our idea is to extract the representative
face frames by a training process just using video sequences, and then to get the corresponding 3D key faces. This
new technique will lead to an efficient animation system by cutting costs required in collecting 3D training data.
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Proper Reparametrization for Rational Parametrizations
of Algebraic Surfaces

Xiaoshan Gao

(Institute of Systems Science, Academia Sinica, Beijing 100080)

Abstract: Rational parametrizations are fundamental curve and surface representations in computer shape modeling
and processing. A basic property of a rational parametrization is whether it is proper (one-to-one) or improper
(many-to-one). If a rational parametrization is improper, naturally we would ask whether it can be reparameterized so
that the new parametrization is proper. In this talk, we will give a brief review of the status of the problem and present
current results on proper reparametrization of rational parametrization for algebraic surfaces and algebraic varieties.
Main results include: @ We identify a class of monomial supports such that any surface rational parametrization
defined on them is improper. We propose algorithms to compute the improper index of such a monomial support and to
reparametrize rational parametrizations defined on such a monomial support. @ We propose algorithms to construct
proper reparametrzaition for algebraic ruled surfaces. In the general case, the problem is still open.
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