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ABSTRACT

In this paper, we present two theorems: Classification theorem and cormer point theorem for closed digital
surfaces. The classification theorem deals with the categorization of simple surface points and states that there are
exactly six different types of simple surface points. On the basis of the classification theorem and Euler formula
on planar graph, we have proved the corner point theorem: Any simple closed surface has at least eight corner
points, where a corner point of a closed surface is a point in the surface which has exactly three adjacent points in
the closed surface. Another result reported in this paper is that any simple closed surface has at least fourteen points.

1. INTRODUCTION

Digital geometry and topology study the geometric and topological properties of digital images and objects.
It provides a mathematical foundation for important image processing and computer vision operators such as
connected component labeling, border following and contour filling!. The study of digital curves and surfaces is
one of the most important aspects in digital geometry and topology. In addition, the topological and geometric
properties of curves and surfaces in digital spaces can be applied to design fast algorithms for image processing and
computer vision?3*,

"5 In the past, some important global results have been obtained in digital topology. Rosenfeld proved an important
- theorem: Any simple closed curve must have five points in a two dimensional digital plane, where a curve is a directly
connected (or 4-connected) path®. Kong, Khalimsky and Kopperman gave a topological proof for this theorem®.
Some improvements of the Rosenfeld’s theorem have been achieved. For example, any simple closed curve must
have eight points in the sense of 4-connectedness given by Abelson and diSessa. On the other hand, Rosenfeld,
Morgenthaler and Reed showed that the Jordan curve theorem and Jordan surface theorem® 7. Recently, Herman
showed several results on multidimensional Jordan surfaces®.

This paper presents some new results on simple closed surface defined by Morgenthaler and Rosenfeld®. In
order to discuss the properties of a simple closed surface, we prove a theorem for classification of simple surface
points in Section 3 . This theorem states that there are exactly six types of simple surface points in simple closed
surfaces. We call this theorem as classification theorem.

Based on classification theorem and Euler’s Formula on planar graph!?, we proved a global theorem: Any simple
closed surface at least has eight corner simple surface points. Its proof is given in Section 4. In addition, we show
that any simple closed surface at least has 14 points in section 4.
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