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A Render fur convincingly:
Lighting interacts with geometry in the scene

Objects and environment maps serve as light
sources

A Rendering must be fast and art-directable



Objective

AOur approach: f@Aray gat
Sample incident radiance along many directions
Weightitbymat er i al 6 s BRDF
Determine reflected radiance

A Furry creatures deform C ¢ a rpfe¢compute
A How do we do this efficiently?



1. Hair Scattering Model
Concisely generates gather rays

2. Volumetric Occlusion Model
Eliminates ray-hair intersections

3. Reflection Cache
Evaluate fewer shading samples




A Kajiya-Kay model [ S|
Treats hair strand as an infinitesimally thin
cylinder
Consists of separate diffuse, specular submodels
Describes reflectance in terms of hair tangent



1) Hair Scattering Model:
Kajlya-Kay Diffuse Reflectance

Diffuse= sin{,L) =sqrt(1z T - L?)
= pavgimax(N -L,0)) all around
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1) Hair Scattering Model:
Kajlya-Kay Specular Reflectance

Specular= [sin{,L) sin,E) z (T-L)(T-E) P
=[sqrt(1z T-L?)sqrt(1z T-E?) z (T -L)(T-E)| P
=co9q
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1) Hair Scattering Model:
Our Cone-Shell Model

A Defined by a pair of concentric cones
aboutz-axis, bounded byf: i, [ ma
3IT EA AT CI A AAOxAABEAE!]
A Thickness of conshell T\
cone-shell

defines blurriness of
reflection

shading point



1) Hair Scattering Model:
Our Cone-Shell Model

A

A

U(0,1) pairul 2
generates ray in

direction ,y,2) with V1 =22 cos(278,) cone-shel

BRDFweight y = V1-22sin(2n&)

COS Opax + 5 | (COS Omin — €OS 9/11(7.\')

shading point
weight = 7¢086),,0+ V1 —2z%sin6,,4

Intuition for weight:
cosine of angle ray makes with middle of cesteell ( 4=/ min+mayz2)
=coq[ midZ [ ray)
=cOoS| mid cos[ ray Z SinJ midsin{ ray
=zcos[ md Z (1z2z?)Y?sin| mid



1) Hair Scattering Model:
Our Cone-Shell Model

A At render time, we
express these in

termS Of X \V/ l — :2 COS(27L'§3) cone-shell
E = eye vector y = /1— 72 sin(27&,)

T = tangent vector :
% COS 9;;1(1_\‘ + 5] (COS 9]}1[” — COS 9”1(7.\')
shading point
weight 2€08 Oyiq + V' 1 — 22 5in O)jg

COS 9,,”'(; —E-T

Sin 6,4 V 1 —cos 6,4

A We tqper weight weight := weight + cosp (1 —weight)
ALl Op/l S

cosff—1




1) Hair Scattering Model:

Our Cone-Shell Model
A Specular Conshell (500 rayg, P WY ®0

uniform sampling ; overhead view uniform sampling ; side view



1) Hair Scattering Model:
Our Cone-Shell Model

A Compare:

Area-lit cone-shell
VS

Point-lit Kajiya-Kay
Diffuse
Specular



