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Abstract
This paper describes an approach of representing 3D shape by using a set of invariant Spherical Harmonic (SH)
coefficients after conformal mapping. Specifically, a genus-zero 3D mesh object is first conformally mapped onto
the unit sphere by using a modified discrete conformal mapping, where the modification is based on Möbius Fac-
torization and is aimed at obtaining a canonical conformal mapping. Then a Spherical Harmonic Analysis is
applied to the resulting conformal spherical meshes. The obtained SH coefficients are further made invariant to
translation and rotation, while at the same time retain their completeness, so that the original shape information
has been faithfully preserved.
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1. Introduction

3D object recognition is one of the central top-
ics in computer vision and pattern recognition
research. A good shape representation scheme is
at the heart of any practical shape recognition
systems. This paper aims at developing a new
3D shape representation and recognition method
for general mesh objects. It is well known that in
2D shape recognition the 2D Fourier Descriptor
(2D-FD) is an elegant and powerful technique
possessing many desirable properties, such as be-
ing easy to compute, robust to noise, invariant to
rotations, mathematically complete and having
good discriminative ability. Our strategy here is
to extend the technique to 3D.

Although it is conceptually straightforward, in
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practice such an extension is somewhat non-
trivial. The main challenges arise from two tasks:
(1) spherical parametrization; and (2) invariant
computation.

We propose the use of a new discrete confor-
mal mapping (DCM) in conjunction with the in-
variant Spherical Harmonics (SH) for the solu-
tion. To our knowledge, this paper represents the
first demonstration of such techniques to provide
a general shape description for mesh surfaces. As
the results of the paper will show, the method
performs excellently in providing shape descrip-
tors that can be used to represent 3D shapes. In
principle, the shape descriptors are complete, in
that they can be used to reconstruct the original
surface.

In 2D-FD processing, the 2D shape (contour) is
mapped onto a unit circle, by using an arc-length
parametrization. This is followed by Fourier anal-
ysis on this circle. Analogously in 3D, the 3D ob-
ject (surface) should first be mapped onto a unit
sphere, followed by Fourier analysis on the sphere.
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