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Introduction
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Flux Frostbite path tracer

AHigh quality static lighting
ALightmaps and irradiance volumes

Direct and indirect lighting
A Static ambient occlusion, sky visibility

Alnitially created for FIFA and Madden
ANow used in Star Wars Battlefront Il
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A little bit of history.

We have developed our own lightmap baking solution during FIFA17 Frostbite
transition. Previously, FIFA artists used Maya to bake +tigta lightmaps for their
stadiums. We needed a solution that was more integrated with the rest of the
engine. Additionally, we wanted to have something that we can maintain and extend
according to the needs of our projects.

When Star Wars Battlefront Il started, we decided that our baker could be used for
the project to achieve better lighting quality than what was possible in Battlefront I.



Flux method

AUnidirectional path tracing with next event estimation
ABrute force

ACPU implementation for baking
Alntel Embree
AlncrediBuildXGE

AGPU implementation for reatime artist workflows
ASeelnteractive Global lllumination in Frostbifelillaire18]
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Our lightmap bakei-lux is a brute force (naive) unidirectional path tracer that uses
basic BRDF importance sampling and next event estimation (explicit light source
sampling).

It is primarily a CPUased solution, which uses Intembreefor BVH
construction/traversal andincredibuildXGE for distributing computations over
machines in our studios.

We haverecentlyalsoimplementeda GPUbackend (i K |bas@dbn a prerelease
GSNBEAZ2Y 2F we-d LIQA FTAYSR G AYLINROAY3
global illumination authoring system that allows full scene editing (geometry,

materials, lights). We have presented some of the implementation details of our GPU
backend at GDC2018.
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Frostbite was a very early adopter@eomericEnlighten [Martin10] middleware,
which is used in most of our games to provide sdgmamic Gl and interactive

lighting artist workflows. Having full compatibility of the assets and essentially zero
workflow changes was one of the design goals of our custom baker, so that it could
be a trivial dropin replacement for teams that only need static Gl.

We use lowpoly proxy geometry during baking. Proxies are created for all mesh
assets that require lightmaps. A lewDD version of the asset may be sometimes
used, though in general, creating good proxies is still a pretty {attensive process
for artists.

Lightmap UVs are created only for proxies (either manually or using Enlighten auto
UV library). Having loyoly version of geometry is quite desirable when it comes to
lightmap UV efficiency, as lepoly meshes typically have much fewer UV
charts/islands and therefore fewer lightmagxelsare wasted.



This also reduces se$hadowing issues with lowes lightmaps

Indirect lighting, lowpoly Gl scene

Ideally, each lightmap texel should be representing as a single plane in the mesh. If
this is not the case (i.e. when geometry is much higher resolution / high frequency),
some artifacts may appear due to sslfadowing.



Lightmap UVs transferred to final meshes (all LODS)

Indirect lighting, final geometry

Lightmap UVs are projected from proxies to all LODs of the final display geometry in
the mesh pipeline. Frostbite uses Enlighten SDK to perform lightmap UV projection.
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Direct + indirect lighting, final geometry

Lightmaps in SWBF2 only contain indirect lighting. All direct contributions (except sky)
are computed dynamically.



Final frame
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Target lightmap density for Star Wars Battlefront was ~50cm / texel. Lighting density
for Star Wars Battlefront Il was 25cm / texel (~4x more data).
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Baked indirect lighting is fairly coarse

Indirect lighting, lowpoly Gl scene

Baked undirect lighting was fairly coarse. It was augmented with a scere
technique (Horizorbased Ambient Occlusion).
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Indirect lighting; final geometry
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Direct + indirect lighting, final geometry

HBAO adds some shadnge, highif NB lj dzSy O &
lightmaps.
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