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Anomauin

Y mesax posensidaemvca 3acmocy8anns KIIMUHHUX AGMOMAMie O NpoyedypHoi eenepayii mexcmyp y
Komn romepHiil epagiyi. Onucano meopemuyHi OCHO8U KIIMUHHUX A8MOMAMIB, 8KIOYAIOYY NPABUILA Nepexody CMAHI8
ma ix knacugirayiro. Ilpoananizoeano memoou BUKOPUCTNIAHHA OOHOBUMIPHUX | O80BUMIDHUX KAIMUHHUX A8MOMAMIS,
sokpema I'pa «Kummsay Kowuges, 01 cunmesy npupooOHux mekcmyp — KaMeHi, 0epesuna, 800d, POCIUHHICMb.
Posensanymo nepesazu npoyedyprozo nioxooy: macuimabosanicms, HU3bKI 8UMOcU 00 nam 'ami ma OemepMiHO8aAHUL
xapaxmep eenepayii. Hagedeno ocnoene pigHANHA KIIMUHHO20 a8momMama ma 062080peHo NPaKmuiHe 6nPOBAONCEHHS
Memo0ig y CUCIeMAax pedanibHo20 Hacy.

KirouoBi cjioBa: KIITHHHI aBTOMATH, MPOLEAYPHI TEKCTypH, KOMIT FOTepHa Tpadika, TeHepallisi TeKCTyp, MpaBuia
nepexo.y, CUHTe3 300paxkeHs, [ pa « Kurrsy».

Abstract

The paper examines the application of cellular automata (CA) for procedural texture gemeration in computer
graphics. The theoretical foundations of cellular automata are described, including state transition rules and their
classification. Methods of using one-dimensional and two-dimensional cellular automata, particularly Conway’s Game
of Life, for synthesising natural-looking textures such as stone, wood, water, and vegetation are analysed. The advantages
of the procedural approach — scalability, low memory requirements, and deterministic generation — are discussed. The
fundamental equation of a cellular automaton is presented, and practical implementation aspects in real-time rendering
systems are considered.

Keywords: cellular automata, procedural textures, computer graphics, texture generation, transition rules, image
synthesis, Game of Life.

Introduction

Procedural texture generation is a widely used technique in computer graphics that enables the creation of
complex visual patterns through algorithmic means, without relying on large sets of pre-stored image data.
Unlike bitmap textures, procedural textures are computed on the fly, offering advantages in terms of memory
efficiency, resolution independence, and parametric control [ 1]. The relevance of developing robust procedural
methods continues to grow alongside the expanding demands of real-time rendering in games, simulations,
and visual effects pipelines.

Among the various algorithmic approaches to procedural generation, cellular automata (CA) occupy a
special place due to their ability to produce visually complex, self-organised patterns from simple local rules.
The study of CA for texture synthesis represents a promising direction that merges the fields of computational
mathematics and applied computer graphics [2].

Cellular Automata: Theoretical Background
A cellular automaton is a discrete computational model consisting of a regular grid of cells, each of which
exists in one of a finite number of states. The system evolves in discrete time steps according to a deterministic
transition rule that maps the current state of a cell and its neighbourhood to the cell’s next state [3]. For a one-
dimensional CA with state set S and neighbourhood radius r, the general transition function can be written as:

s(i, t+1) = f(s(i—r, t), ..., s(i, V), ..., s(i+r, 1)
where s(i, t) denotes the state of cell i at time step t, r is the neighbourhood radius, and f'is the local transition
function. In two-dimensional grids, the neighbourhood is typically defined as the Moore neighbourhood (8
adjacent cells) or the von Neumann neighbourhood (4 orthogonal neighbours) [3].
CA are classified by the complexity of the patterns they generate. Wolfram’s classification identifies four
classes ranging from uniform convergence to complex, seemingly aperiodic behaviour [2]. Classes III and IV



are of particular interest for texture synthesis, as they produce rich, irregular patterns reminiscent of natural
materials.

Application to Procedural Texture Generation

Two-dimensional CA are particularly suitable for texture generation. Conway’s Game of Life, operating
on a binary grid with rules based on the count of live neighbours, produces island-like clusters that closely
resemble rock surfaces, cellular biological structures, or cave maps [4]. By varying the birth and survival rule
sets — collectively known as B/S notation — a practitioner can tune the generated pattern towards different target
materials.

For organic and natural textures such as wood grain or water ripples, reaction-diffusion CA variants are
employed. These models augment the standard CA transition with continuous-valued states and diffusion
terms, yielding Turing-like patterns [1]. The resulting textures exhibit the characteristic stripe and spot motifs
found in animal skin and geological formations.

Vegetation and terrain textures benefit from multi-scale CA, where separate automata operating at different
spatial frequencies are composited. A coarse-scale CA defines the macro-structure (forest vs. meadow), while
finer-scale automata add micro-detail (individual leaves or grass blades). This hierarchical approach aligns
with the multi-resolution requirements of level-of-detail rendering systems [4].

From an implementation perspective, CA are well-suited to parallel execution on modern GPUs. Each cell
update is independent of non-neighbouring cells, allowing the transition function to be mapped directly onto a
fragment shader or a compute shader dispatch, with the CA grid stored as a texture buffer. Benchmarks
reported in the literature indicate that GPU-based CA can sustain real-time update rates for grids up to 4096 x
4096 cells [2; 4].

Conclusions

Cellular automata provide an effective and computationally efficient framework for procedural texture
generation. Their locality of interaction, deterministic behaviour, and inherent parallelism make them well-
matched to GPU architectures used in contemporary rendering pipelines. The diversity of patterns achievable
through rule variation — from crystalline and rocky surfaces to organic and fluid textures — positions CA as a
versatile tool within the broader procedural generation toolkit. Further research directions include the
integration of CA with noise-based methods and the exploration of probabilistic transition rules for stochastic
texture synthesis.
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