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llluminate Labs

A Founded 2002
A Gothenburg Sweden

A Clients include;
Bioware, Dice, EA,
Gearbox, Guerilla
Games, Ninja Theory,
Sony
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A Global Illumination
IN games

A About Beast
A Gearbox Demo
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Global lllumination In Games

MOTIVATION
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Why Is lighting complicated?
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Light In shadow

A Not only a single
color

A Interesting
dynamics in
shadows
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Light In light

A Everything contributes to the lighting

A A bright wall, or strongly colored surface
dramatically changes the lighting of
surrounding objects

i N
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Examples from the real world 1

Caustics

€ ILLUMINATE LABS®



Examples from the real world 2

Color bleeding




Global lllumination In Games

PRACTICE
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Global lllumination

A Global lllumination =
Indirect light effects

A Many different
approaces (Radiosity,

rradiance Caching,

Photon Mapping, etc.)

A Hybrid solutions are
popular
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Indirect Diffuse Light

A Replaces constant ambient term
A Smooth diffuse lighting

A Color Bleeding

A Can be faked wi tbbunce lightso
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Indirect Diffuse Light
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Caustics

A Focused light from refractive and reflective
materials
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Environment lighting

A Gives realistic outdoor lighting
A Constant color or HDR environment

w \ = h, :
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Global lllumination In Games

REAL-TIME RENDERING
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Real-time rendering

A Regardless of method, expensive to
calculate

A Cheats are needed for interactive
performance
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How to Increase performance?

A Freezing parts of the
problem (light positions,
geometry, etc.)

A Disregard subtle effects

A Precompute as much as
possible under these
restrictions

A Not a new idea (light
maps, ambient occlusion
etc.)

Ambient occlusion
Courtesy of Karl Lofberg
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Light Maps 1

A Static lights and geometry, precompute
light and shadows

A Can include indirect light effects in light
maps

A Render farm can precompute light maps to
distribute with the game

A Uses extra disk space and memory
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Light Maps 2

A Soft shadows and indirect light often

low frequent = low resolution

A May need its own UV set (no mirroring,

etc.)
A Static level geometry casts s

A Common to pack multiple obj

texture

nadows
ects into one
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Problems with Light Maps

A How about characters
and other movable
geometry?

i Use hard shadows
from them, but discard
effects on indirect
light.

I Notice the hard
shadow from the red
dinosaur.

oy

Completely precomputed

-

Added a odynami co
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Problems with Light Maps

A How about view dependent lighting?
I Only use diffuse light in light maps.

A How about additional lights (explosions,
etc.)?

I Just add them and ignore the indirect effects.
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Normal Maps

A Normal maps gives
us high frequency
features of the
surface without
Introducing new
polygons
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Combining Light Maps and
Normal Maps
A Normal maps is a cool way of giving
detalls to surfaces

A Need same resolution in light map and
normal map to capture details in lighting

A Texture memory is a limited resource
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Solution: Directional Light Maps

A Create 3 light maps rendered using
different surface orientations

A Blend the light maps according to the
normal from the normal map

A Can use light maps with much lower
resolution than the normal maps
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Directional Light Maps 1
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Directional Light Maps 2

Small light map
Large normal map
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Directional Light Maps 3

A Saves lots of memory
A 32 x 32 x 3 is about 1% of 512 x 512!

A Used today in Half Life Source engine and
Unreal engine.

A Bonus feature 1: We can get some
specular effects from the light map too!

A Bonus feature 2: We can change normal
map without recalculating the light map!
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Dynamic Relighting

ACanodot use |ight maps

AiBounce | ightso aff ec
GI |l 1 ght maps doesnot

A Characters in indirectly lit regions will be
black!

€ ILLUMINATE LABS®



Solution: Light Probes

A Render environment maps with incoming
light for multiple points in the level

A Capture indirect light from all directions

A Can capture less influential direct lights as
well

A Add as a local light contribution
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Light Probes

A Can be encoded as
Spherical Harmonics,
Cube maps or any
other spherical
representation

A Can be placed in the
level automatically or
by artists
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Spherical Harmonics 1

A Function defined on the unit sphere.
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Spherical Harmonics 2

A Function defined on the unit sphere
A Can encode low frequency data very compactly.

Environment map Diffuse environment Diffuse environment
map map generated from
SH approximation of

Images courtesy of Hanrahan et al environment map
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Dynamic Relighting

A Use the SH to relight objects

A Requires no extra data for the dynamic
object

A Supports animated and normal mapped
objects

A 9 coefficient SH is enough
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Dynamic Relighting

A Algorithm:

I Look up a suitable SH for the object
(interpolate the closest light probes)

I In the pixel shader, multiply the normal with a
4x4 matrix obtained from the SH coefficients

I Done!
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Dynamic Relighting

A For non normal mapped objects, doing the work
per vertex Is often fine

ASee the paper OAn Effi ci
| rradi ance Environment |

A Low resolution cube map can replace 4x4 vector
matrix multiply
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Dynamic Relighting

A Demo
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Beast

ABOUT BEAST
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What Is Beast?

A Standalone baking and rendering software
A Supports GI, AO, PTM, etc.

A Uses standard file formats

A Built to be easily integrated

A Based on the same technology as Turtle
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File Formats of Beast

A FBX for geometry
A JPG, TGA, EXR, PNG for Images
A XML for settings
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Integrating Beast

A Built to be integrated in existing tool chains

A Three step process
I Export to FBX and XML
I Invoke the Beast
I Import Results
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Geometry Export

A FBX Export, Using Autodesk SDK

A Geometry and materials

A Tangentspace

A Materials, Phong/Lambert

A Textures

A Beast settings using FBX extensions
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Invoking Beast

A Beast is command line application
A Invoke with FBX and XML as input
A Wait for results

A Beast is versatile, invokation could be
distributed If needed
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Importing the results

A Import LDR or HDR lightmaps

A Standard image formats

A Custom point cloud format (XML or binary)
A Vertex baking through point cloud baking
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Beast

UNREAL ENGINE 3
INTEGRATION
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About the integration

A Delivered as source code
A Free for Beast users

A Generates lightmaps compatible with UE3
lighting
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Integrated into UnrealEd
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