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Illuminate Labs

ÅFounded 2002

ÅGothenburg Sweden

ÅClients include: 

Bioware, Dice, EA, 

Gearbox, Guerilla 

Games, Ninja Theory, 

Sony



Topics

ÅGlobal Illumination 
in games

ÅAbout Beast

ÅGearbox Demo



MOTIVATION

Global Illumination In Games



Why is lighting complicated?



Light in shadow

ÅNot only a single

color

ÅInteresting

dynamics in 

shadows



Light in light

ÅEverything contributes to the lighting

ÅA bright wall, or strongly colored surface

dramatically changes the lighting of 

surrounding objects



Examples from the real world 1

Caustics



Examples from the real world 2

Color bleeding



PRACTICE

Global Illumination In Games



Global Illumination

ÅGlobal Illumination = 

Indirect light effects

ÅMany different 

approaces (Radiosity, 

Irradiance Caching, 

Photon Mapping, etc.)

ÅHybrid solutions are 

popular



Indirect Diffuse Light

ÅReplaces constant ambient term

ÅSmooth diffuse lighting

ÅColor Bleeding

ÅCan be faked with òbounce lightsò



Indirect Diffuse Light



Caustics

ÅFocused light from refractive and reflective

materials



Environment lighting

ÅGives realistic outdoor lighting

ÅConstant color or HDR environment



REAL-TIME RENDERING

Global Illumination In Games



Real-time rendering

ÅRegardless of method, expensive to 

calculate

ÅCheats are needed for interactive

performance



How to increase performance?

ÅFreezing parts of the 

problem (light positions, 

geometry, etc.)

ÅDisregard subtle effects

ÅPrecompute as much as 

possible under these 

restrictions

ÅNot a new idea (light 

maps, ambient occlusion 

etc.)
Ambient occlusion

Courtesy of Karl Löfberg



Light Maps 1

ÅStatic lights and geometry, precompute
light and shadows

ÅCan include indirect light effects in light 
maps

ÅRender farm can precompute light maps to 
distribute with the game

ÅUses extra disk space and memory



Light Maps 2

ÅSoft shadows and indirect light often 

low frequent = low resolution

ÅMay need its own UV set (no mirroring, 

etc.)

ÅStatic level geometry casts shadows

ÅCommon to pack multiple objects into one 

texture



Problems with Light Maps

ÅHow about characters 

and other movable 

geometry?

ïUse hard shadows 

from them, but discard 

effects on indirect 

light.

ïNotice the hard 

shadow from the red 

dinosaur.

Completely precomputed

Added a òdynamicò dinosaur



Problems with Light Maps

ÅHow about view dependent lighting?

ïOnly use diffuse light in light maps.

ÅHow about additional lights (explosions, 

etc.)?

ïJust add them and ignore the indirect effects.



Normal Maps

ÅNormal maps gives 

us high frequency 

features of the 

surface without 

introducing new 

polygons



Combining Light Maps and 

Normal Maps

ÅNormal maps is a cool way of giving 

details to surfaces

ÅNeed same resolution in light map and 

normal map to capture details in lighting

ÅTexture memory is a limited resource



Solution: Directional Light Maps

ÅCreate 3 light maps rendered using 

different surface orientations

ÅBlend the light maps according to the 

normal from the normal map

ÅCan use light maps with much lower 

resolution than the normal maps



Directional Light Maps 1



Directional Light Maps 2
Small light map

Large normal map



Directional Light Maps 3

ÅSaves lots of memory

Å32 x 32 x 3 is about 1% of 512 x 512!

ÅUsed today in Half Life Source engine and 

Unreal engine.

ÅBonus feature 1: We can get some 

specular effects from the light map too!

ÅBonus feature 2: We can change normal 

map without recalculating the light map!



Dynamic Relighting

ÅCanôt use light maps on moving objects

ÅñBounce lightsò affects dynamic objects, 

GI light maps doesnôt

ÅCharacters in indirectly lit regions will be 

black!



Solution: Light Probes

ÅRender environment maps with incoming 

light for multiple points in the level

ÅCapture indirect light from all directions

ÅCan capture less influential direct lights as 

well

ÅAdd as a local light contribution



Light Probes

ÅCan be encoded as 

Spherical Harmonics, 

Cube maps or any 

other spherical 

representation

ÅCan be placed in the 

level automatically or 

by artists



Spherical Harmonics 1

ÅFunction defined on the unit sphere.

Image courtesy of Robin Green [2]



Spherical Harmonics 2

ÅFunction defined on the unit sphere

ÅCan encode low frequency data very compactly.

Environment map Diffuse environment

map

Diffuse environment

map generated from

SH approximation of 

environment mapImages courtesy of Hanrahan et al



Dynamic Relighting

ÅUse the SH to relight objects

ÅRequires no extra data for the dynamic 

object

ÅSupports animated and normal mapped 

objects

Å9 coefficient SH is enough



Dynamic Relighting

ÅAlgorithm:

ïLook up a suitable SH for the object

(interpolate the closest light probes)

ïIn the pixel shader, multiply the normal with a 

4x4 matrix obtained from the SH coefficients

ïDone!



Dynamic Relighting

ÅFor non normal mapped objects, doing the work 

per vertex is often fine

ÅSee the paper òAn Efficient Representation for 

Irradiance Environment Mapsò

ÅLow resolution cube map can replace 4x4 vector 

matrix multiply



Dynamic Relighting

ÅDemo



ABOUT BEAST

Beast



What is Beast?

ÅStandalone baking and rendering software

ÅSupports GI, AO, PTM, etc.

ÅUses standard file formats

ÅBuilt to be easily integrated

ÅBased on the same technology as Turtle



File Formats of Beast

ÅFBX for geometry

ÅJPG, TGA, EXR, PNG for Images

ÅXML for settings



Integrating Beast

ÅBuilt to be integrated in existing tool chains

ÅThree step process

ïExport to FBX and XML

ïInvoke the Beast

ïImport Results



Geometry Export

ÅFBX Export, Using Autodesk SDK

ÅGeometry and materials

ÅTangentspace

ÅMaterials, Phong/Lambert

ÅTextures

ÅBeast settings using FBX extensions



Invoking Beast

ÅBeast is command line application

ÅInvoke with FBX and XML as input

ÅWait for results

ÅBeast is versatile, invokation could be 

distributed if needed



Importing the results

ÅImport LDR or HDR lightmaps

ÅStandard image formats

ÅCustom point cloud format (XML or binary)

ÅVertex baking through point cloud baking



UNREAL ENGINE 3 

INTEGRATION

Beast



About the integration

ÅDelivered as source code

ÅFree for Beast users

ÅGenerates lightmaps compatible with UE3 

lighting



Integrated into UnrealEd


