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Geometric Approximation using Core Sets

Pankaj Kumar Agarwal

ABSTRACT

This talk presents a general approximation technique for various geometric
optimization problems such as clustering, shape-fitting, and extent measures.
For a given objective function p and a parameter ¢ > 0, it computes in
time O(n + 1/e9M) a subset Q C P of size 1/e°), with the property that
(1 —e)u(P) < pu(Q) < u(P). Specific applications of our technique include
g-approximation algorithms for (i) computing diameter, width, and smallest
bounding box, ball, and cylinder of P, (ii) maintaining these measures in a
streaming model, (iii) maintaining these measures for a set of moving points,
(iv) fitting spheres and cylinders through a point set P, and (iv) clustering
stationary and moving points.






Similarity between Image and Terrain:
Geometric Approaches to Computer Vision

Tetsuo Asano
School of Information Science, JAIST, Japan

Abstract

Image and terrain have strong similarity in the sense that both of them are commonly rep-
resented in matrices. Each matrix element is height information for terrain and color/bright-
ness for image. Terrain is usually converted to a contour representation that is a collection
of contour lines of equal height. Our projects start with this similarity. That is, we apply
conour representation to images. Once an image is converted to contour representation, it
is now a geometric object to which a rich source of geometric algorithms can be applied.
Another advantage of such geometric representation is that it gives us global information or
structural information of images. It should be compared to the traditional approach using a
quad-tree data structure on image lattice for characterizing a structure of an image.

In this talk I will first survey how computational geometry has contributed to computer
vision and computer graphics mainly in connection to the contour representation. Several
topics are included: an efficient algorithm for obtaining contour representation from a given
image matrix with some experimental results, how to represent structural information among
contour lines and how to compute it efficiently without following all contour lines — contour
tree, direct application of contour representation to geometric deformation of an image such
as scaling operation for enlargement or contraction, rotation, and removing a part of an
image. Such deformations may look easy tasks, but simple algorithms may produce ugly
images. In fact, contraction of an image seems to be the easiest task among them, but it is
related to some combinatorial optimization problem.

A natural way of defining a contour line for a brightness level i is to follow the boundary
of a connected region of pixels with brightness levels greater than or equal to 7, which results
in a closed loop consisiting of alternating horizontal and vertical line segments. How to
approximate such a rectilinear path by a smoother curve such as Basier or Spline curve
is also an interesting topic. It is not so obvious due to an important property of contour
representation that any contour line does not properly intersect itself or any other contour
line. If we use a polygonal line instead of those curves then we can prove some convergence
theory that the length of the polyline converges to the true length of an object characterized
by the contour line with increase of resolution.

Contour lines play an important role for region segmentation, a basic task in pattern
recognition. Region segmentation is to separate an object from its background. If brightness
levels in an objact are well separated to those in the background, it is easy to find an
appropriate contour line enclosing the object. Otherwise, we could find appropriate contour
line by evaluating separation of every contour line. A serious problem of this approach is
its computing time. Fortunately, we could use a rough region segmentation restricted to
x-monotone shapes using dynamic programming as a guide of our objective contour line.
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