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The Game Technology Group is responsible for creating and maintaining
reusable technology for use by teams within London Studio and further afield.
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Topics

First of all today we’re going to take a quick look at the background of EyePet’s
hair system.

Then we’ll look at the hair style pipeline before moving on to the real-time side of
the system — simulation, rendering and lighting.

We'll take a look at some techniques for optimising the system and finally make
some conclusions — we’ll discuss why you should consider looking at hair for
your next project.



[EEXIPUBLIC  ©2010 Sony Computer Entertainment Europe eu.playstation.com  S°~¥
ooy o et Basse
<
<

SRUETR o

EyePet Move Edition E3 2010
Trailer

EvePet Move Edition E3 2010 Trailer

Here’s the most recent EyePet trailer, this one was shown at E3 this year.
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Background

Background

Hair was part of the EyePet visual requirements from an early stage.

It was identified as being important to achieving the look we wanted for the
central pet character.

We found that there weren’t many pre-packaged solutions out there — we looked
at doing something with Havok cloth, but in the end we decided to go with a
bespoke solution.

In this way, we could make sure the system was designed to take advantage of
the strong points of the PS3’s hardware.

Next: Requirements
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Requirements

* An editor for hair styles

* A mechanism for mapping hair to the surface
of an animated character

» Support for both long and short hair

» Believable (not necessarily realistic...)
dynamics

Requirements

We knew we would need some kind of off-line editor for hair styles.

We would also need a way to distribute this hair across the surface of the pet's
skin in a controllable way.

We wanted to support both long and short hair, so that we could cater for a wide
range of styles.

Believable (not necessarily realistic...) dynamics

Complete artist control over appearance

Finally, we wanted to cater for various special effects, including wet and dirty hair.

Next: Visual Targets
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PlayStations3

Monsters Inc

Sully from Monsters Inc.
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Shrek

And Puss In Boots from Shrek. We were particularly interested in
examples of animal-like hair.
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A Tall Order?

* Motion pictures traditionally use geometry-
based hair

* Huge amounts of geometry have high storage
and rendering costs

 Massive overdraw

* That's before we even consider simulation!

A Tall Order?
Tackling real-time hair poses some unique challenges.

Motion pictures traditionally use geometry-based hair

Huge amounts of geometry have high storage and rendering costs
Massive overdraw

That's before we even consider simulation!

High per-fragment cost for shading
High simulation costs



Shadow of the Colossus

Great results using shells and fins, as far back as PS2.

Nvidia Hair Demos

Hair Animation and Rendering in the Nalu Demo (GPU Gems 2 Chapter 23,
Nguyen & Donnelly)

Real-Time Hair Rendering on the GPU (SIGGRAPH 08, Tariq)

Next: Previous Technigues




Previous Techniques

Static or near-static

Modelled hair

Volume textures (Kajiya & Kay, SIGGRAPH 89)
Shells & fins

Dynamic

Opaque line primitives

Our solution: Coarse ribbons and shells
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Shells

Concentric surfaces formed by extruding the vertices of the base mesh along
their normals. Alpha blended volume slices are applied to these surfaces.
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Fins

These are quads formed along the triangle edges of the base mesh.
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Both

Combining them both gives us a reasonably good effect, but doesn’t cater for any
dynamic behavious.
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Tooling

How did we give the artists control of this system?
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Style Creation using Maya Fur

Windows tool for other attributes
Faster turnaround than using Maya
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By unwrapping the character’s Uvs, and maintaining a constant ratio between UV
space and the surface area of the character, we were able to provide local control
of hair attributes using a number of textures.
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Outputs from Maya Fur

Here’s an example of some of the textures that were used. These textures are
output from Maya Fur.

Groom Azimuth/Elevation/Length
Groom azimuth axis lies along normal
Groom elevation axis lies along tangent
Hand editing may be necessary due to:
Texture artefacts

Difficult to tweak in Maya
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What other Hair Attributes did we cater for?

Length

Baldness

Tip Colour

Base Colour
Clumping

Groom Direction
Curliness
“Weight” / Bounce
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An example of hair that's been groomed straight, most of the hairs are pointing in
a similar direction relative to each other.

19



An example of hair that's been groomed into a messy style - most of the hairs are
pointing away from each other.
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Simulation

Making hair dynamic
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Requires vertex position, normal, texture, tangent and binormal
Render tri indices to map (illustration)

Ensures even distribution

One-to-many poly-hair relationship

Random length/groom direction

Hairs sorted by locality

Calculate and store per-hair attributes at distribution time
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Groom direction in tangent space (+ root frizz)
Barycentric Coordinates

Texture Coordinates

Length

Stiffness

Triangle Indices

Clump Factor

Control hair indices

Hair Type
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Used our existing particle system

5 particles per hair, fixed for memory and optimisation benefits

Verlet integration — much more stable than Euler integration, simpler than RK4
Relatively cheap, allowing multiple iterations

Vectorisable

Can use existing physics — e.g. wind, gravity

Advantages: Doesn't require hand animation, captures secondary movement
automatically

Disadvantages: Control is indirect via simulation parameters, no manual control,
difficult to add extra movement for dramatic effect
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Constraint setup illustration (position constraint at base, length, stiffness,
clumping constraint for next 4 points

Update constraints with skinning (requires PPU access to skinned vertex
positions — e.g SPU skinning)

Constraint types — stiffness, position, clumping

Could use simple skinning to control hair, would reduce number of simulated
hairs

Collision detection

Problematic — line segments may span collision spheres

Introduce spheres around simulation points

Didn't have to tackle it for EyePet, apart from collision with our (flat) ground plane
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Clumping
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Clumping
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Multiple iterations required

Apply stiffness constraints first
Clumping constraints next
Finally, position constraints
— 4 iterations needed for convergence
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Base model, then shells, then ribbons
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B-spline fitted to simulated points

2 verts per particle, 4 quads per hair

SPU geometry generation

Interpolate width between root and tip thickness

Texture coordinates generated using hair texture settings, thickness and normals
Pre-built index buffer

Other vertex data built on-the-fly in temporary memory, allows attribute animation
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Generate Uvs in the vertex shader
Pack normal/wet/dirty hair types into colour channels of the hair texture
Pack multiple hair types into hair texture, offset with texture coordinates

Unusual approach — transparent then opaque

Due to many near-transparent ribbons

Many sorting issues

Pre-sort ribbons on SPU

Render geometry with alpha-blending first, Z write off

Then render near-opaque fragments using alpha test, depth only, Z write on to
minimise sorting artefacts vs other alpha geometry
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Fake ambient occlusion
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Lighting Buffer

Half backbuffer resolution
Stores diffuse and ambient lighting coefficients
Blurred to soften high-frequency lighting

Free rim lighting (background colour set to dot between principal light direction
and view)
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Shell Lighting

Darken towards base layer, apply occlusion
Multiply in albedo
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Ribbon Lighting

We rendered all of the lighting coeffecients for the ribbons to the Lighting Buffer.
As a result, we saved a lot of time when rendering the ribbons to the framebuffer,
as we only had to multiply on albedo to the values sampled from the Lighting
Buffer.
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Shadowing

As EyePet has a very small play area and limited depth, we were able to use
standard projective shadow mapping.

However, this is susceptible to severe aliasing with alpha geometry.

We were able to tweak the alpha test value for the shadow pass to try to
minimise aliasing.

38



Specular Highlights

The Kajiya & Kay model sets out an approximation to the specular behaviour of
individual hair strands. It approximates each hair as an infinitely thin cylinder.

In our case, each individual hair is relatively wide, which means the specular
response is the same across the width of the hair.

In this case it would be advantageous to use a noise texture to break up the
highlight.
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Specular Highlights

The primary anisotropic specular component is an approximation to reflection of
light from each hair, and as such the colour of the reflected light is the same as

that of the light.

Secondary specular, though, is an approximation to absorption & re-emission —

so it is influenced by the hair colour.

The secondary specular model suggested by Marschner is particularly suitable

for real-time rendering.

(Marschner, SIGGRAPH 03)
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Special Effects

The combination of control over both simulation and rendering parameters
allowed us to achieve some special effects to cater for specific aspects of the
game design.

These parameters can be altered in real-time without needing to reset the
simulation.

We achieved real-time control by altering the per-hair data in-place before kicking
off the simulation process.
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Special Effects

. Wet hair

— Increase specular

— Reduce diffuse

— Alter physics parameters
. Dirty hair

— Decrease specular

— Increase clumping

— Change hair texture
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Optimisation
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The fact that we chose a geometry-based approach with multiple layers of
transparency, coupled with a relatively high per-fragment cost as a result of
anisotropic specular meant that we were highly fillrate bound.

This is likely to be the case for most geometry-based approaches to hair.

Screen-space raymarching techniques have an advantage here in that they have
much less overdraw.

However, we were able to achieve 30fps with 2xAA as a result of our
optimisations, for example using the reduced-resolution lighting buffer.

It's also important to mask out as much of the hair as possible with opaque

geometry prior to rendering the hair pass.

We generated the hair as one continuous vertex array. This meant there was a

single draw call and minimal state change overhead.

Although 8,000 hairs may sound like a lot, the typical human head has upwards

of 150,000.

We were able to keep the ribbon count down by placing up to 8 individual hairs in

the hair texture itself.
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We used multithreaded particle simulation on the SPUs. Our geometry generation
and sorting was also SPU based, with no explicit synchronisation required vs the
main CPU.

Most of these processes were suitable for vectorisation using intrinsics, swizzling
and loop unrolling.

The fact that we defined a fixed number of elements per hair allowed many of our
inner loops to be unrolled.

We found that data locality is key, so we sorted our hair data to preserve locality.
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In Conclusion

Achieving convincing hair is very much possible on current generation hardware.

We’'ve explored some techniques for generating suitable data for hair simulation
and rendering, and we’ve also examined some of the current techniques for
convincing hair lighting.

It's very difficult to achieve completely physically correct dynamic behaviour, but
there are some good approximations we can use.

Key to achieving acceptable performance on current generation hardware is the
use of multiprocessing, for example using the SPUs on PS3.

Finally, hair can give your characters unique visual impact.
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That brings us to the end of the session, thanks for listening.
If you have need further information, please get in touch.
Are there any questions?
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