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RESUME. Résumé

ABSTRACT. We present a novel approach for the derivation of PDE modeling curvature-driven flows
for color images. We endow the color space with the Helmholtz metric and we derive the differential
geometric attributes, such as the covariant derivative and the Christoffel symbols. Then we use these
materials to extend scalar-valued mean curvature and snakes methods to the color image setting.
Experiments on synthetic image show that the proposed methods are highly robust.
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1. Introduction

Throughout this communication, we refer by “segmented image”to an image which
has piecewise homogeneous (simplified) regions.

Image segmentation is the first step in image analysis and pattern recognition. It is a
critical and essential component of image analysis and one of the most difficult tasks in
image processing and determines the quality of the final result of analysis.

The segmentation techniques for monochrome images can be extended to segment color
images by using R, G and B or their transformations (linear/non linear) [7, 8, 9, 10].

The generalization of the PDEs methods used for Gray level image to color image is
being pursued with mainly three techniques :(1) application of Gray level methods di-
rectly to each component of a color space, then the results can be combined in some way
to obtain a final restoration result. However, one of the problems is how to employ the
color information as a whole for each pixel. (2) the use of Di Zenzo’s concept of a struc-
ture tensor to create a dependance between color channels ; and (3) differential-geometric
methods.

The aim of the present paper is to give a natural generalization of curvature driven
methods, like the mean curvature motion (MCM), modified mean curvature flow and self
snakes, to color. The key ingredient for these generalizations is the use of the Riemannian
geometry of the color space.

We use the fact that when we come to deal with general (warped) spaces, the appro-
priate initial concept on which to base all geometry is that of the scalar product operation
on pairs of tangent vectors [3]. Then, we can perform the measurements on the manifold
like lengths and angles in terms of the scalar product. The concept of length determines
what we call metric. In the numerical experiments section, we have used the affine metric
which is, in the context of color perception, nothing but the Helmholtz metric.

2. Differential Geometry of the Helmholtz Color Space

Hermann von Helmholtz (1821-1894), was the first who had attempted to mathemati-
cally formulate the distance between colors by the concept of line element. He define the
following line element :

dR\? [dG\? [dB\?
w= (%) (%) (%) "

where R, G and B are the three color channels : Red, Green and blue. In local coordinates,
this can be expressed as a positive definite symmetric matrix :

= 0 0
(gij)i,j:1,2,3: 0 % 01, 2)

0 0 Iiz

3

where we use the coordinate notation 1 = R, x> = B and z3 = G.
The color space is defined as a domain €2 in the positive orthant Ri defined by :

R} ={zeR’ z;>0, i=1,2,3} ®)
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