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Introduction 

 

Substance redefines the way to create, store and manipulate textures. This white paper outlines one of 

the key concepts behind Substance technology ς descriptive textures ς and explains how it unlocks the 

full potential of online applications. 

 

Limitations of conventional texturing 

 

Textures are usually hand-painted and stored as bitmaps: grids of pixels storing color, specularity and 

normals. Texture assets are not only requiring significant authoring time; they are by far the most 

memory consuming resource in modern games. Due to their size, and despite the use of state-of-the-art 

compression algorithms, they are responsible for a large part of the bandwidth consumption of 

downloadable content. These limitations impair the development of online entertainment applications, 

reducing user experience due to long download times and requiring large investments to guarantee 

network capacity. In addition, bitmaps are not well-suited for user generated content: They are static by 

nature, difficult to edit for the non expert user, and the game cannot impose any restriction on user-

created content. 

 

What are Substance descriptive textures? 

 

Using Substance authoring tool, textures are constructed by describing their content: How texture 

patterns are formed, how simple texture elements are spread out, how they blend and mix together, 

and how they must adapt to external parameters. Descriptive textures hence record the process by 

which the texture is obtained, rather than the resulting pixel colors. The description is typically hundreds 

of times smaller than the equivalent bitmap. Additionally, descriptive textures can adapt to any change 

of their environment (external parameters). In this sense the description captures the substance of the 

texture, rather than only its appearance. 

 

Substance run-time component converts the compact descriptive textures into conventional bitmaps 

whenever required for display. Bitmap conversion is extremely fast. Depending on the application 

requirements, bitmap conversion can be performed once at install time or just after download, during 

level or application loading, or can be streamed during user exploration. This gives maximum flexibility 

to the engine to manage resource storage and memory efficiently. 

 

We describe the Substance authoring tool and run-time component in more details below, after 

reviewing the key benefits of using Substance in online applications. 
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Substance benefits 

 

Substance key benefits for online applications include: 

 

- Compactness: The texture description is extremely compact, especially compared to the bitmap 

version. This reduces download sizes, for instance for game updates or for downloadable 

content of Free2Play games, where download time directly impacts profit. Substance enables 

more content to fit in less space, and needs significantly less bandwidth for transfer. 

- User Generated Content: Substance enables texture descriptions based on external parameters, 

or tweaks. The age of a character, the color scheme of clothing, the wear and tear of materials: 

tweaks can control any of the internal texture description parameters. Once created, textures 

with tweaks are extremely easy to modify, their final appearance being defined by a few 

meaningful parameters exposed to the user. Figure 2 shows a same descriptive texture for 

various choices of tweaks.  

 

 

 
Figure 2: A barrel using a same descriptive texture with different choices of values for the tweaks. 
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This is a very powerful tool for user generated content: Not only can users explore a visually rich 

and rewarding tweak space, but the user-defined parameters are compact and fast to exchange 

via a low-bandwidth network. 

- Variety and reuse: Substance has been designed from start to maximize reuse of assets and 

significantly reduce authoring time. Tweaks can be used to generate very different assets from a 

same description. Random generators used in texture descriptions can be seeded differently to 

produce an infinite number of variants. New textures are quickly obtained by reusing parts of 

existing descriptions, cutting down authoring time. Reuse will not be visible to the user since it 

happens at the descriptive level: The generated bitmaps are always unique. 

- Resolution independent assets: Substance run-time component can generate bitmaps at 

various resolutions from a same texture description. Hence, textures authored once adapt 

immediately to the platform capabilities, maximizing the quality vs. performance tradeoff. For 

instance on less powerful configurations the resolution of normal and specular maps may be 

reduced, while on high-end platforms all texture channels will receive the highest possible 

resolution. This capability is built-in into Substance, removing the need to design a different set 

of textures for each platform. 

 

 

 

Substance authoring process: 

 

Substance organizes texture production in three levels of content authoring: Technical artist, texture 

artist and end user. These three authoring levels are meant to be used in cascade: 

- Technical artists prepare building blocks to be used in texture descriptions by the texture artists. 

This typically encompasses basic patterns, effects and materials controlled via input textures or 

tweaks. 

- Texture artists produce new texture descriptions from the building blocks, creating the final 

textures and possibly preparing tweaks to be manipulated by the end user. 

- The end user - possibly the game engine itself - controls the displayed textures through exposed 

meaningful tweaks, for instance adapting the terrain textures to weather conditions. 

All textures of a same project are grouped in a texture package, maximizing possible reuse between 

texture descriptions. This also affords for advanced asset management such as versioning. 

 

Substance integrates seamlessly in modeling tools such as Autodesk Maya and Autodesk 3ds Max. All 

descriptive textures are automatically converted into bitmaps (including color, specularity and normal 

maps) for the purpose of modeling and texturing. Textures modified in Substance during modeling are 

converted again into bitmaps for immediate refresh in the modeler. Substance uses a naming 

convention to keep track of the link between bitmap image files and their source descriptive textures. 

Hence, modelers manipulate conventional images in Maya or 3ds Max, unaware of the use of 

Substance. Of course these bitmaps are not stored in the final game package: They are replaced by their 

corresponding descriptive textures. Substance will re-generate the bitmaps on-demand whenever the 

engine requests them. 
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Substance descriptive language 

 

Building upon the experience of our internal artist team, Substance descriptive language is made of a 

minimal set of filters combined and connected together in a texture graph. There are two main 

categories of filters: Generative filters and transform filters.  

 

Generative filters produce the base textures that will be combined through transform filters to describe 

the final result (including color, specular and normal maps). Generative filters include: 

- Allegorithmic noise technology, generating complex texture patterns from a few parameters. 

Generated noises range from highly structured patterns (e.g. a brickwall) to highly random noise 

patterns (e.g. the equivalent of a Perlin noise). 

- Vector graphics (Substance includes a built-in SVG editor). 

- Existing Substance texture descriptions used as input. 

- Possibly external bitmap resources. 

 

Transform filters take the current texture as input and modify it in various ways. Transform filters are 

often controlled by several textures given as parameters. For instance, the intensity and direction of a 

warp will be controlled by a grayscale texture. Transform filters include (non exhaustive list): 

- Blending (add, subtract, max, etc.) 

- Blur and sharpen 

- Warp 

- Colorize of a grayscale input 

- HSL conversions 

- 2D transforms (translate, rotate, scale, shear)  

- Computation of normals from a height field. 

- Arithmetic operations on pixel values 

 

Using a combination of these simple filters it is possible to reproduce any existing texture, as well as to 

create entirely new assets. Figures 3.1 to 3.4 illustrate how complex bitmaps are created by combining 

together simpler graphs through transformation filters. 
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Figure 3.1: A first material. Top right: The texture description. Bottom right: The resulting bitmap. 

 

 
Figure 3.2: A second material. Top right: The texture description. Bottom right: The resulting bitmap. 
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Figure 3.3: A pattern of stone floor. Top right: The texture description. Bottom right: The result bitmap. 

 

 

 

 


