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In micrstructure simulation using Cellular Automata (CA), the choice of neigh-
borhood prominently influences the behavior of a generic implementation [1-3].
Moore and von Neumann neighborhoods can yield diverging results, and direc-
tional bias may be reduced using pseudo-pentagonal or pseudo-hexagonal neigh-
borhood patterns. The work of Łach and Svyetlichnyy [3] demonstrates that not
only basic implementations, but even advanced hybrid approaches show sensi-
tivity to neighborhood choice. The need for calibration to mitigate numerical
artifacts is common in CA literature and the desire to minimize this problem
was emphasized by Zhi et al. [1].

This work aims to establish a Frontal Cellular Automata (FCA) framework
with coupling to concentration fields via the Finite Volume Method (FVM),
while maintaining high adaptability by avoiding reliance on a specific neighbor-
hood type. The core concept is the development of a consistent neighborhood-
interpretation scheme based on the Cahn-Hilliard equation. On-demand solu-
tions of the Cahn-Hilliard equation are used for neighborhood interpretation,
while relevant integrals are evaluated locally and results are stored for reuse to
keep computational cost low. The dependence on neighborhood selection is min-
imized and a user-friendly system is established. The explicit representation of
grain boundaries within a neighborhood enables a tailored evaluation of the free-
energy change associated with defined cell transitions, which supports further
advances in simulating anisotropic processes.

A decoupled treatment of phase/grain pairings is utilized to reduce overall
computational time through parallel execution on a HPC cluster. All information
regarding specific pairings is computed locally on-demand and stored for reuse.
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