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Game Asset Management



Game Assets and Management

Game Ñ Multimedia Experience
Assets & Resources

§ Visual: Materials, Models, Animations
§ Aural: Audio, Music, Effects
§ Structural: Levels, Worlds, Relations
§ Programmatic: Scripts, Shaders, Libraries
§ Specific: Collisions, Physics, Layouts

Problems:
§ Varied Formats
§ Optimal Representation
§ Storage ˆ Runtime
§ Limited Memory
§ Load Scheduling
§ Asset Streaming

Ñ Asset Manager
Source: PC GamerSource: PC Gamer
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https://www.pcgamer.com/how-game-sizes-got-so-huge-and-why-theyll-get-even-bigger/
https://www.pcgamer.com/how-game-sizes-got-so-huge-and-why-theyll-get-even-bigger/


File System

Goal: Access Files
File Path
Operations

§ Path Manipulation
§ File I/O
§ Mapping
§ Streaming

Wrapper API
Synchronous & Asynchronous IO
Virtual File System Source: EXT2 File System
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https://en.wikipedia.org/wiki/Inode_pointer_structure


Asset Manager

Asset Management Layer [2]
Two Components

§ Offline
§ Runtime

File System Wrapper
§ Identification⇝ “Paths”
§ Asset Data⇝ “File I/O”
§ Composites⇝ “Mapping”
§ Loading⇝ “Streaming”

Platform Independence

Offline Asset 
Management

Runtime Asset 
Management

Game 
Code

Asset
Data
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Offline Asset Management

Goal: Pre-Process Everything
DCC Ñ Raw Data
Conditioning Ñ Assets
Indexing Ñ Database
Revision Control
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Asset Creation Pipeline

Digital Content Creation
Imparts Style
Tool Workflow Ñ Pipeline
Inter-Tool Compatibility
Workflow Automation
Programming Pipeline
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Asset Conditioning

Goal: Ease Asset Utilization
§ Data Compression
§ MipMap Generation
§ Retopologizing

Raw DCC Data
Prescription Pipeline

1. Data Exporter
2. Resource Compiler
3. Asset Linker

Dependency Graph
Specialized Formats

NanoSuit

Mesh Animation
Idle
Walk

Material
Head
Body
Arm Specular

Normal Crouch
Run

Leg

Diffuse
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Asset Database

Configuration, Store, Connections
Management & Modification
Configuration Metadata
Cross-References & Integrity
Revision History

Source: Naughty Dog [2]
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Asset Database Decisions

Varied Approaches
§ Packaged ˆ Loose Files
§ Text ˆ Binary Metadata
§ Offline ˆ Runtime
§ Physical ˆ Virtual FS
§ Asset Compression
§ Flat ˆ Overlay Hierarchy
§ Custom ˆ General Formats

Examples:
§ Unity
§ Unreal Engine 4
§ Naughty Dog Engine [2]
§ Overwatch [1]
§ OGRE
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Revision Control

History & Changes
Varied Formats
Large Files
Version Control System

§ GIT + LFS
§ Plastic SCM
§ Perforce
§ AlienBrain
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Runtime Asset Management

Goal: Provide Access to Assets
Register Assets
Indexing & Identification
Memory Management
Principles:

§ One Copy
§ Lifetime & Garbage Collection
§ Composition & References
§ Streaming
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Asset Identification

Unique Identifier Ñ GUID
Name Uniqueness
Relocation Resistance
Revision Consistency
Various Solutions

§ Asset Path : “:/assets/level1/meshes/character.fbx”
§ Integer ID : AAF83-82F-ABC1ABD6-5374-8A52CCF62631
§ Hash : 3c643b93398b9dbb8b0ce094c106de2b

rIZHVs Introduction to Game Development © 2023, Tomáš Polášek, Martin Čadík 11 / 24



Asset Registry

Goal: Catalogue Assets
Dictionary or Database
At Most Single Copy
Asset Initialization
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Mesh Animation
Idle
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Asset Registry Decisions

Loading Options
§ Immediate Load
§ Pre-Load Data
§ Asynchronously

Managing Lifetime
§ Preset Limit
§ Lazy Loading
§ Garbage Collector
§ Memory Allocation

Referential Integrity
§ Composite vs External
§ Dependency graph
§ GUID ˆ Pointers
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Model Creation Pipeline



UV Mapping

Texture Ñ Model
Unwrapping

§ Seams
§ Projection

UV Coordinates
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Detail Mapping

Geometry Complexity
§ Detail
§ Performance

Retopologizing
Mapping Details

§ Normal Mapping
§ Bump Mapping
§ Parallax Mapping
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Physically Based Rendering

Realistic Lighting & Shading
Measured Materials
Material Library
Diffuse & Specular Reflection

Source: The PBR Guide
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https://substance3d.adobe.com/tutorials/courses/the-pbr-guide-part-1


Microfacet Theory

Surface Irregularities
Planar Details
Shadowing & Masking
Causes Diffusion

Source: The PBR GuideSource: The PBR Guide
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https://substance3d.adobe.com/tutorials/courses/the-pbr-guide-part-1
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Color

Perceived Wavelengths
Diffuse & Specular
Psychophysics: ΨpIq “ kIα
Non-Linear Response
Gamma Correction [3]

§ Limited Precision
§ Encoding vgampvlinq “ v

1
γ

lin
§ Decoding vlinpvgamq “ vγgam

Standard: sRGB

Source: John Novak : Gamma [3]Source: John Novak : Gamma [3]
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https://www.desmos.com/calculator/qyeqch7jtf
http://blog.johnnovak.net/2016/09/21/what-every-coder-should-know-about-gamma/
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Material Properties
Physical Plausibility
BRDF and GGX [4]
Fresnel Effect
Conductors ˆ Dielectrics
Metal-Rough vs Specular-Gloss

Source: The PBR Guide

Source: The PBR Guide
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https://substance3d.adobe.com/tutorials/courses/the-pbr-guide-part-3
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Metallic Roughness Workflow

Color, Metalness, Roughness
Reference Chart
Base Color

§ RGB Map, No AO
§ Diffuse (Di) & Reflectance (Me)
§ Brighter for Metals
§ Interpolation Problems

Metalness
§ Grayscale Mask + Full Scale
§ Metal Ñ 1.0

Roughness
§ Grayscale Map, Full Scale
§ Rough Ñ 1.0

Pros & Cons:
§ Automatic F0
§ Less Memory
§ Edge Artifacts

Source: The PBR Guide
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https://seblagarde.wordpress.com/2014/04/14/dontnod-physically-based-rendering-chart-for-unreal-engine-4/
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Specular Glossiness Workflow

Diffuse, Specular, Glossiness
Reference Chart
Diffuse

§ RGB Map, No AO
§ Albedo, No Reflectance
§ Metal Ñ 0.0

Specular
§ RGB Map, No AO
§ F0 (Di), Reflectance (Me)
§ Reflective Ñ p1.0, 1.0, 1.0q

Glossiness
§ Grayscale Map
§ Rough Ñ 0.0

Pros & Cons:
§ Weaker Edge Artifact
§ Explicit F0 & Memory
§ Energy Conservation

Source: The PBR Guide
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https://seblagarde.wordpress.com/2014/04/14/dontnod-physically-based-rendering-chart-for-unreal-engine-4/
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Unity Asset Management



Assets in Unity

Wide Format Support
§ Models, Images, Materials
§ Audio Files & Tracks
§ Code, Shaders
§ Scenes

Importers: Builtin ˆ Custom
Database Metadata
Implicit & Explicit Import
Artist Workflow
Programming Workflow
AssetBundles & SubScenes
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Additional Resources

Source: Unity: MegaCity Demo

[Blog] Jarrod Hasenjager: Metal Material Study
[Assets] Quixel Megascans Library
[Book] The PBR Guide
[Reference] Marmoset ToolBag PBR
[John Novak] What every Coder Should Know About Gamma
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https://unity.com/megacity
https://www.behance.net/gallery/35636521/Material-Studies-Metals
https://quixel.com/megascans/home/
https://academy-api-adobe.substance3d.com/courses/b6377358ad36c444f45e2deaa0626e65/attachments/2b57526e-4bf3-4fd6-ae88-e9a9313a35cc
https://marmoset.co/posts/physically-based-rendering-and-you-can-too/
http://blog.johnnovak.net/2016/09/21/what-every-coder-should-know-about-gamma/
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