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Hello various rendering dudes.
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We (DICE and Geomerics) have been working together to incorporate Enlighten2 into
Frostbite engine. The experience shaped the development of both Enlighten and

Frostbite, and the resulting architecture and workflows are what we intend to discuss
today.




Radiosity Architecture

» Hot topic: real time radiosity
— Research focus on algorithms
— Several popular “categories” of algorithm

 Architecture
— Structure surrounding the algorithm
— Use case: Integration in Frostbite 2

INTRODUCTION (Sam)

Radiosity has alwayseen an exciting topic! There areraassivenumber of papers on the subjecthe sheer number of papers

that exist gives a neatontinuum of algorithmic options, in which we can see some common categories of algorithms emerging
as clusters.€g Photormapping, VPLspxelgrid based methods). If you have an idea for an awesome radiosity algorithm, you
can probably find a paper somewhere that does something similar and learn the lessons from them. Or another good approach
is to start by gluing together ideas from different papers.
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This talk is less about demonstrating an algorithm and more about discussing the surrounding architecture and its use in
practice. | am also going to claim that the architecture is the more important element to get right.

So what do | even mean by radiosischitecture?L i Q &ructuié Sithia which the algorithms operate.

This is orthogonal to algorithmic category in some selseL should be able to change your algorithm independently of your

architecture. This is very true ofilighten whichfairly regularlydzy RS NH2Sa £ 32 NAGKYA Sructufel y3IS&asS SKA
remains staticFor example, the first version of Enlighten ran on a GPU. Enlighten 2 runs on a CPU. Enlighten 3 might go back the

other way again. We may remove the precompute, or we mayié dzLJLI2 NI @ L QY y2&G adzNB &SiGxX o dzi
affect the algorithm, not the architecture.

The ley pointfor this talk is thathe architecture is itself a very power toplvhich | will illustrate with exampleH.you bear in

mind that if you have an awesome idea for a new radiosity algorithm that will blow everyone away, do consider the arehitectur
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workable solution for even fairly basic algorithms.

DICE an&eomericshave been working together since close to the birth of Enlighten. The integration into Frostbite showcases
the use of real time radiosityWe will describe how our pipeline & runtime have been set up to work with Enlighten, and show
the workflows we have created to use dynamic radiosity.



Agenda

* Enlighten
— Overview
— Architectural Features

* Frostbite

— Overview
— Pipelines
— Demo

« Summary / Questions

AGENDA

This talk is essentialiye then Per.
LQf f R2 dfBhlighteh @ik aBaut its architecture.

Per will then demonstrate how and why Enlighten was integrated into Frostit,
how it shows up in the art workflows.




Overview: Goals And Trade-offs

Target current )
o e XBox360, PS3, Multi-core PCs

Flexible toolkit, not

£ s e Cost and quality must be scalable

WENN =T RSEIRCDELwA ® Cannot sacrifice VQ for real time

“Believability” over
accuracy

e Physically based but controllable

ENLIGHTEN OVERVIEW 1/2

All good projects need a solid direction, atistis a summary of what Enlighten is trying to achieve wilich
ultimately reflected in the architectural decisions we made. You can expect the architecture we use toithange
you alterthese working assumptions

Current consoleycle- constrained by hardware
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hardware the consoles uses constrains our algorithmic optiblesnory also very limited. So muttore is clearly

the best target for usAnother point to note is the hugeange of abilities between the 3 targetso scalability of

our solution is vital (both up and down).

Always trading off quality with flexibility

There is some imaginary line with two poles. At one end youy have offline lightjirept quality, terribleiteration
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but so does poor iteration time. Senlighten2 is a midpointWe do some prérocessing to keep visual quality

up, so our lighting does not fully reflect moving geometry without the addition of some smoke and mirrors. But

we do provide fast iteration through real time lighting. In short, we focus on good quality, scalability and

flexibility, not fully dynamic at all costs.

Frostbite wanted a lighting solution with fast iteration times and support for dynamic environments. Previous

static techniques DICE used gave great results, but were painful to wait for lightmaps to build. They wanted to

give artist more creative freedom.

Art controls

There are many points at which artists can add value. The end goal is always to create beauttivk,

believable images, not physical realismv8eere ever possible welaw artists control over all aspects of indirect
lighting. For example, there are pkght indirect scaling/colouring controls so they can tweak the radiosity effect
from each light source. There are also global direct/indirect balance controls and radiosity tonemagpptirads,
amongst many others.



Four Key Architectural Features

Separate lighting pipeline
Single bounce with feedback
Lightmap output

Relighting from target geometry
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ENLIGHTEN DECISIONS
These are the 4 key architectufahturesL. QR £ A1 S (G2 RA3I Ayi(2 ¥Fdz

Point to beaiin mind is that if you were to implement some algorithm that had these
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Will now walk through each in turn.
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This is theasset | will use as an example.

LG Qa &A ¥pbrizdathildmi\g built KiSternally and shiit in our SDK.



Enlighten Pipeline

e Decompose scene into systems

e Project detail geometry to target geometry for relighting
HEEelylelli o Distill target shape for real time radiosity )

* Render direct lighting as usual (GPU) )

» Asynchronously generate radiosity (CPU)

e Combine direct and indirect shading on GPU D

ENLIGHTEN Pipeline
This is a high level summary of the Enlighten pipeline.

Precompute

There are a number of new ternad will attempt to unpack them as we proceed. The precompute in
Enlighten is essentially a probledistillation stage. We attempt to put as much magic into this as
possible. Some details to be aware of now:

2SS ONBI1 dzLJ G KS ga®®ignsis dlgtdllysoldedble probfen but taken together
they still provide a global solution. Each system outputs a small lightmap for part of the scene.
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Precomputing information is a tough compromise to make, but very important to gettingtnear
offline lighting quality for our target platforms.

Runtime

The key point (and one of my 4 architectural features) is thatrontime separates indirect lighting

work from direct lighting work The direct lighting is done on the GPU as usual, while all indirect

lighting is done on the CPU (the currdrgst place for target platforms). Both can run asyncrongusly

so you get good parallelism. And most significantly, trevipus output of Enlighten is always

available. So ouvutput iscacheable TheGPU just composites with the latest results off the carousel.

This is a massive optimisation, largely independsralgorithmthat simply comes from using the right
architectureL Qf f RS&ONA OGS GKA& FAdzNIKSNIAY |+ ¥S¢ at ARSa
A final point: The separation is not just an optimisatioaiso allows a lot of creative freedom different
integration options. Per will talid bit more about this in his half of the talk.



Runtime Lighting Pipeline

Point
Spot > p
Directional Standard lighting
Environment

Area On target mesh

User-specified

+ radiosity from
previous frame

Direct Light
Sources

Final GPU composite

Point-sampled On detail mesh
input to Enlighten + indirect specular

LIGHTMARUTPUT
We shall walk through an example shot in our runtime pipeline.

Note the split of direct and indirect lighting paths, with the dependence on a
common description of the lighting in the scei®e have all the usual lighting types,
plus some new ones.

G 9 Y @A NHsyesséhiallyéa very low detail cube map. It gives you the same effect
a simple imagéased light would: Soft shadows, directional lighting. Nothing sharp.
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glow and compute the bounce result. So an area light is pretty much the simplest
form of input lighting for us.

Enlighten is careful to not restrict the API to predefined light sources. If you can
describe the lighting incident on your geometry surface and point sample it, you can
put it into Enlighten. For example, anything you can shade in a deferred renderer on
the GPU can immediately be put into Enlighten.



Direct Lighting

Thisisi KS GNIRAGAZ2YIFE RANBOG fAIKGAYI Ay (K
based directional lighttcomputed on the GPU. This bit is nothing to do with Enlighten.

The choice of light and its implementation is essentially arbitrary.

Note the lack of direcenvironmentighting. Environment lighting (and other area
lights) are handled entirely within Enlighten.
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Point Sampled Direct Lighting

Thisis the corresponding input to Enlighten. In this example, the two sets of data are
computed entirely independently.

The main runtime operation in Enlighten is to map a point sampled description of the
lighting over the target mesh surface (shown above), to a lightmap or lightprobe
output. This is the bounce. Anything you can express in these terms is valid input to
Enlighten.

When generating the point sampled inputeyprovide several fast paths for common
light types. Directional lights with precomputed visibility to static geometry is one of
these options, which we use in this example. This provides a fast efficient method of
generating the input lighting that does not require any interaction with the GPU
rendered sunlight, although we could have chosen to point sample that lighting
instead.

You may note that as well as the directional light, there is also radiosity lighting in the
point sampled data. This is the previous lightmap output being fed to enlighten as an
input light to generate a second bounce. This is how we generate multiple bounces.
LQtf NBGdzNYy (2 GKAA fFGSNI 2y o®
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Enlighten Output (Target)

This is what the previoysoint sampled data is mapped to. In some sense, this is the
raw lightmap output from Enlighten, before any interpolation, albedo modulation or
directional relighting is applied.
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Note how low resolution the output is. You can see the effect of the skylight (blue)
and the bounced directional light.

Although low detail this resolution captures the essence of the indirect lighting.
Significant soft shadows are present, and the lighting gradients can be seen quite
clearly.
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Enlighten Output (Detail)

This shows exactly treamelighting data, but applietb the (white untextured) detailed
geometry, together with normal maps and indirect specular.

Note how much the basic lightmap output gives you when taken togetfiterthese
additions.

In particularhardware interpolatign gives you a lot as long as your output lightmap is very
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Much of thedetail is filled in by the oféxisrelighting. Simple variation in normals gives you a
lot of lighting variation

There are multiple output formats for Enlighten. This particular screenshot is using our
GRANBOUGAZ2YLFE ANNI RAFYOSE (SOKYyAldzS 6KAOK Aa
Spherical harmoniascomplete spherical lighting data) and directitass irradianceWe

support all 3, but prefer the directional irradiance as a good balance point in practice.
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of it as a phong specular model parametised by the strongest lighting direction. You only get

one specular highlight, but your eye is very intolerant to errors in specular term. Believable i
alLilSOdzt I NJ NBadzft ta INB FIFENISFaAaASNI u2 200FAY 0K
control to the user/artist as possible here.
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back.

This was a brief introductioto our runtime radiosity pipeline. Per will talk through its
use in Frostbite later on.

But now | want to move to the next architectural point: the modelling of a single
bounce...
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