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Image moments and moment invariants are widely used in applications for pattern matching [1],
image recognition [2], or to extract useful features from images [3] in general.

Most of the classical moments were originally defined for single-channel, grayscale images in
the literature, however extending these techniques to multichannel ones is an important and gener-
ally unresolved problem. Conventionally, for color images either RGB decomposition or grayscale
conversion was used in order to utilize the methods defined for grayscale images. This may lead
to loss of information, for example in the case of grayscale conversion (where the average over the
channels is taken) some color information can be lost.

More recently, the algebra of quaternions has been used to extend the single-channel methods
to color images. For example, quaternion Fourier-Mellin moments have been introduced as an ex-
tension of the conventional Fourier-Mellin moments [4], as well as the quaternion Zernike moments
as an extension of the conventional Zernike moments [5].

The Zernike functions are a system of orthogonal functions defined over the unit disk. Using
these functions as a basis for series expansions proved to be useful because of certain inherent
invariance properties. Zernike moments, and by extension quaternion Zernike moments are defined
by these functions.

Considering a digital image as a discrete sampling of an image function defined over a continuous
domain, the need arises to discretize the computation of these moments. One important property of
the discretization of these methods defined by orthogonal functions is to preserve the orthogonality
over the discrete system, so as to avoid redundancy and achieve high robustness with respect to
noise.

The conventional method for discretizing quaternion Zernike moments (used by Chen et al. [6])
consists of uniformly distributed points over the unit disk. This method does not achieve discrete
orthogonality thus decreasing the robustness of the moments.

In this talk, we propose a novel method for the discretization of quaternion Zernike moments
over the unit disk: a points system is defined on the unit disk, over which the Zernike functions
extended to quaternions are discrete orthogonal. This improves the robustness of computing quater-
nion Zernike moments by decreasing the error introduced by discretization. Our construction is
based on the results of Pap and Schipp [7] for the real valued case.

The new method is compared to the one used by Chen et al. [6]. For the tests, image sets from
the Columbia Object Image Library [8] and the Amsterdam Library of Object Images [9] were
used. The image reconstruction capabilities of both methods are also compared, and we find that
the proposed method decreases the error of reconstruction significantly.

The recognition capabilities for rotated, scaled and translated (RST transformed) images with
varying levels of either Gaussian or salt-and-pepper noise are also studied. We find that with
respect to Gaussian noise the new method achieves significantly better rates of recognition, even
for images with high noise values. For salt-and-pepper noise no significant difference can be found
between the capabilities of the methods. Additionally, we also show that by decreasing the number
of points used for discretization, the new method is able to achieve similar results as the original
method with high number of points, but the computational need to obtain these results is much
lower using the new method.
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