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Abstract

This paper describes the use of the continuous wavelet
transform (CWT) for characterizing shape features of 3D
structures, more exactly contour-based 3D landmarks. The
goal is to explore the CWT as a multiscale tool to generate
rotation- and translation-invariant shape features.

1. Introduction

This paper presents an approach for shape characteri-
zation from 3D landmarks. Shape analysis is particularly
promising for studying biological shapes, which has the
morphometry as one of its main disciplines. The shape mea-
sures are used to explain taxonomic questions and to clas-
sify the shapes regarding form and function, as well as for
providing information for better understanding the biologi-
cal processes.

Due to some difficulties to characterize irregular forms
in a suitable way [2], this work introduces a method using
wavelet-based feature extraction.

Three-dimensional shape analysis using the wavelet
transform can explore its multiscale properties. The Frenet
frame is used to get rotation- and translation-invariant shape
features, as described below.

2. Shape Analysis and Wavelet Transform

The analyzed shapes in this work are composed by a 3D
landmarks set from rabbit orbit [2] represented by a non-
planar curve, as shown in Figure 1. The landmarks set is
represented as a parametric curvef inR3, denoted asf(s) =
(x(s), y(s), z(s)).

The proposed approach to characterize the 3D landmarks
set is to consider the tangent and normal vectors (t andn
respectively) and to analyze their behavior.

There are different methods available for estimating the
vectorst andn of a signal. Following the successful ap-
proach developed in [3, 4] for 3D shape analysis, we focus
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Figure 1. 3D landmarks set from rabbit orbit.

on the capability of the wavelet transform to implement nu-
merical differentiation using the derivatives of the Gaussian
as analyzing wavelet [1].

3. Feature Extraction using the Frenet Frame

Once the tangent and normal vectors are obtained, it is
important to capture their important geometrical properties
in terms of a set of meaningful features. Using the Frenet
frameb(s) = t(s)×n(s) [5], we can characterize the shape
choosing features that are invariant to rotation and trans-
lation, e.g. the curvaturek and torsionτ measures of the
analyzed curve byk(s) = |t′(s)| andb′(s) = −τ(s)n(s),
respectively.

4. Experimental Results

Figures 2 and 3 provide 3D curve descriptions based on
geometric properties, i.e. the curvature and the torsion. This
information can be very important in the characterization
of morphological structures due to shape evolution age, for
instance.

As shown in Figures 2 and 3, some landmarks are num-
bered in order to supply a better understanding of the pro-
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Figure 2. Curvature plot obtained from the parametric
curve in Figure 1.

vided information from the original contour (Figure 1).

5. Discussion

This paper shows the preliminary results of our ongoing
work aimed at developing a new approach that explores the
wavelet transform to characterize 3D curves. The proposed
approach allows a multiscale analysis of 3D landmarks set,
thus providing a more complete numerical description of
the involved information in the morphological forms.
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Figure 3. Torsion plot obtained from the parametric curve
in Figure 1.
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