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Summary

In this paper, we propose a new method to obtain the transition rules of two-dimensional cellular automata (CA) that
performs grayscale image processing. CA has the advantages of producing complex systems from the local interaction of
simple elements, and has attracted increased research interest. The difficulty of designing CA's transition rules to perform a
particular task has severely limited their applications. So, the evolutionary design of CA rules has been studied. In this
method, an evolutionary algorithm was used to evolve CA. In recent years, this method has been applied to image
processing. Rosin has studied the evolutionary design of two-dimensional CA to perform noise reduction, thinning and
convex hulls. Batouche et al. and Slatnia et al. employed genetic algorithm to investigate the possibility of CA to perform
edge detection. In the previous methods, 2-state CA was used for binary image processing. Unlike the previous methods, the
present method uses 256-state CA rules to perform grayscale image processing. Gene Expression Programming (GEP)
proposed by Ferreira is employed as a learning algorithm in which the chromosomes encode the transition rules as
expression trees. Experimental results for the reduction of impulse noise, salt-and-pepper noise and gaussian noise show
that the proposed method is equivalent to previous methods in performance and more than 100 times faster than the
method proposed by Rosin. We show that the rule obtained by the proposed method employs symmetry-based strategy in

the noise reduction process and this property can reduce complexity of CA.
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