Cross-diffusion systems for image denoising
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Abstract

Diffusion processes are commonly used in image processing, as, for example, in noise
removal. The main idea is that if one pixel is affected by noise, then the noise should be
diffused among the neighboring pixels in order to smooth the region. In this way proper
diffusion partial differential equations have been considered to achieve this end.

A foregoing proposal is the use of complex diffusion problems, developed by Gilboa
and collaborators, [7], where the image is represented by a complex function which evolves
according to some complex diffusion process. The application of nonlinear complex diffu-
sion to image filtering and edge enhancing is discussed in [5, 6, 7]. In particular, complex
diffusion models have been successfully applied in medical imaging denoising [4].

The interpretation of complex diffusion as a cross diffusion system motivates the in-
troduction of a more general set of equations and its study as a mathematical model in
image processing. As in the complex diffusion case, the idea of dividing the information
of the image in two components evolving in a cross way is behind the approach, which
may provide a relevant diversity of the resulting models that can be used to adapt their
performance to the problem under study. This was shown for the complex diffusion, both
in the linear case when studying the role of the imaginary part as smoothed Laplacian
of the initial image (the so-called small theta approximation) and in the nonlinear case
when some complex shock filter models are proposed, [7].



In this talk we will discuss the use of nonlinear cross-diffusion systems to perform image
restoration [2], which follows the previous work for the linear case, [1]. Special attention
will be given to the well-posedness of the nonlinear cross-diffusion initial boundary-value
problem with Neumann boundary conditions, along with scale-space properties, [3, 8],
and long time behaviour of the models. Some of the arguments of [20] for the system
under study will be used and generalized here.

Additionally, the performance of the models are estimated by computational means
in several examples. The numerical experiments presented seek to be illustrative of the
potential of these models to image filtering. Rather than being exhaustive, this numerical
study is a proof-of-concept which aims to motivate future research in this direction.
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