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NODE-BASED SYSTEMS AS A TOOL  

FOR PROCEDURAL MATERIAL DEVELOPMENT 

Savelko R.O., Romanyuk O.N. 

Vinnytsia National Technical University, Vinnytsia 
 

The development of procedural textures and materials plays a significant role in 

modern computer graphics, enabling the creation of realistic and flexible visual content 

without relying on raster images. Node-based systems have emerged as one of the most 

effective tools for designing such materials, offering a visual programming paradigm that 

combines accessibility with high expressive power. 

A node-based system represents a directed graph in which each node encapsulates a 

specific mathematical or algorithmic operation, such as noise generation, color mixing, 

coordinate transformation, or texture sampling. Nodes are interconnected through data-

flow links, allowing complex material behaviors to be constructed from simple, reusable 

components [1]. This architecture promotes modularity, reusability, and transparency of 

the material creation process. 

Popular implementations of node-based material editors include Blender’s Shader 

Editor, Unreal Engine’s Material Editor, and Substance Designer [2]. Each of these 

platforms exposes a graph-based interface where artists and developers can visually 

assemble shader logic. The underlying node graphs are typically compiled into GPU-

executable shader code, ensuring real-time performance. Substance Designer, in 

particular, is industry-standard for creating tileable procedural textures through parametric 

node networks. 

From a technical standpoint, procedural materials generated via node systems rely 

on mathematical functions – including Perlin noise, Voronoi diagrams, fractal Brownian 

motion, and analytical signed distance functions – to produce spatially varying surface 

properties. These properties include albedo, roughness, metalness, and normal maps, 

which together define the physical appearance of a surface under varying lighting 

conditions [3]. 

The key advantage of node-based procedural materials over texture-based 

approaches lies in their resolution independence, parametric control, and compact 

representation. A single node graph can generate infinitely scalable textures and can be 

adapted to different surface types by adjusting a small set of parameters. This flexibility 

is especially valuable in game development, architectural visualization, and film 

production pipelines. 

In conclusion, node-based systems represent a powerful and extensible paradigm for 

procedural material development. Their graph-based structure facilitates the encapsulation 

of complex mathematical operations into reusable components, enabling efficient creation 

of high-quality, resolution-independent materials. Continued research into node graph 

optimization and automatic graph generation through machine learning holds significant 

promise for further advancing this field. 
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