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Thank you for coming.

Over the next half hour | am going to be breaking down and explaining the cloud
system for Horizon Zero Dawn.

As Natasha mentioned, my background is in Animated film VFX, with experience
programming for voxel systems including clouds.

This was caleveloped between myself and a programmer named Nathan Vos. He
could not be here today, but his work is an important part of what we were able to
achieve with this.

Horizon was just announced at E3 this year, and this is the first time that we are
sharing some of our new tech with the community. What you are seeing here renders
in about 2 milliseconds, takes 2@b of ram and completely replaces our asset based
cloud solutions in previous games.

Before | dive into our approach and justification for those 2 milliseconds, let me give
you a little background to explain why we ended up developing a procedural




volumetric system for skies in the first place.

In the past, Guerrilla has been known for the KILLZONE segeset, which are
first person shooters .




A Brief History of Skies at Guerrilla
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FPS usually restrict the player to a predefined track, which means that we could hand
place elements like clouds using billboards and highly detailed sky domes to create a
heavily art directed sky.

These domes and cards were built in Photoshop by one artist using stock
photography. As Time of day was static in the KILLZONE series, we celddtgomir
lighting to one set of images, which kept ram usage and processing low.

By animating these dom&haderswe could create some pretty detailed and epic sky
scapedor our games.
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Horizon trailer




Open World —the player can traverse large distances
Day / Night Cycle

Dynamic Weather

Epic Scenery — Mountains, Forests, Lakes

Skies — Part of the landscape
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So, from that you could see that we have left the worl&adfzonebehind.

A Horizon is a vastly open world where you can prettych go anywhere that you
see, including the tops of mountains.
A Since this is a living real world, we simulate the spinning of the earth by having a
time of day cycle.
A Weather is part of the environment so it will be changing and evolving as well.
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A Skies are a big part of the landscape of horizon. They make up half of the screen.
Skies are also are a very important part of storytelling as well as world building.




CONCEPT ART

They are used to tell us where we are, when we are, &eg tan also be used as
thematic devices in storytelling.




Cloud Goals

Art-directable

REEURT

Integration with weather

Movement over time

Epic!
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For Horizon, we warthe player to really experience the world we are building. So we
decided to try something bold. We prioritized some goals for our clouds.

A Artdirectable

A Realistic Representing multiple cloud types
A Integrate with weather

A Evolve in some way

A And of course, they needed to be Epic!




Early Cloud Explorations
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Realistic CG clouds are not an easy nut to crack. So, before we tried to solve the
whole problem of creating a sky full them, we thought it would be good to explore
different ways to make and light individual cloud assets.




Early Cloud Explorations

o Simulated Shapes

[
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A Our earliessuccessful modeling approach was to use a custom fluid solver to
grow clouds. The results were nice, but this was hard for artists to control if they
had not had any fluid simulation experience. Guerrilla is a game studio after all.




We ended up modeling clouds from simple shapes,
A voxelizingi KSY ' yR (GKSy X
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A Until we got a cloud like shape .
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Early Cloud Explorations

=  Simulated Shapes

= Custom Lighting Model
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And then we developed a lighting model that we used to-puenpute primary and

secondary scattering,

A 1l get into our final lighting model a little later, but the result you see here is
computed on thecpuin Houdini in 10 seconds.
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Early Cloud Explorations

Simulated Shapes
Custom Lighting Model
In-Game Representations

= Poly Clouds
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We explored 3 ways to get these cloud assets into game.

A For the first, we tried to treat our cloud as part of the landscape, literally modeling
them as polygons from our fluid simulations and baking the lighting data using
spherical harmonics. This only worked for the thick clouds anavhipy2 y Sa X
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Early Cloud Explorations

Simulated Shapes
Custom Lighting Model
In-Game Representations
=  Poly Clouds

. Billboards
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So, we though we should try to enhance the billboard approach to support multiple
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Early Cloud Explorations

Simulated Shapes
Custom Lighting Model
In-Game Representations
= Poly Clouds

= Billboards

=  Sky Domes

Evolution
Overhead clouds

Performance
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A We tried rendering all of our voxel clouds as one cloud set to prodkyggomes
that could also blend into the atmosphere over depth. Sort of worked.
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solutions made the clouds evolve over time. There was not a good way to make
clouds pass overhead. And there was high memory usage and overdraw for all
methods.

A So maybe a traditional asset based approach was not the way to go.
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14




Voxel Clouds ?17

Traditionally expensive

= Lots of texture reads

= Ray marches

= Nested loops

Lots of proven methods for real-time volumetric lighting
Convincing work using noise to model clouds (PVR)

Can we solve the expense and leverage on the possible look advantages?
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Well, What about voxel clouds? A o
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As you can imagine this idea was not very popular with the programmers.

A Volumetricsare traditionally very expensive

A With lots of texture reads

A Ray marches

A Nested loops

A However, there are many proven methofis fast, believable volumetric lighting

A There is convincing work to use noise to model clouds . | can refer you to the 2012
Production Volume Rendering course.

A Could we solve the expense somehow and benefit from all of the look advantages
of volumetric®
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Ourfirst test was to stack up a bunch of polygons in front of the camera and sample
3d Perlinnoise with them. While extremely slow, This was promidug,we want to
represent multiple cloudgypes not just these bandy clouds.
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