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Objective

ÁRender fur convincingly:

ĞLighting interacts with geometry in the scene

ĞObjects and environment maps serve as light 

sources

ÁRendering must be fast and art-directable



Objective

ÁOur approach: ñray gatheringò

ĞSample incident radiance along many directions

ĞWeight it by materialôs BRDF

ĞDetermine reflected radiance

ÁFurry creatures deform Č canôt precompute

ÁHow do we do this efficiently?



Overview

1. Hair Scattering Model

Ğ Concisely generates gather rays

2. Volumetric Occlusion Model

Ğ Eliminates ray-hair intersections

3. Reflection Cache

Ğ Evaluate fewer shading samples



1) Hair Scattering Model

ÁKajiya-Kay model [SIGGRAPH ô89]

ĞTreats hair strand as an infinitesimally thin 

cylinder

ĞConsists of separate diffuse, specular submodels

ĞDescribes reflectance in terms of hair tangent



1) Hair Scattering Model:

Kajiya-Kay Diffuse Reflectance

Diffuse= sin(T,L) = sqrt(1 ɀT . L2)

=    pavg(max(N . L,0))   all around T

´average Lambert reflectance around strand
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1) Hair Scattering Model:

Kajiya-Kay Specular Reflectance

Specular= [sin(T,L) sin(T,E) ɀ(T . L)(T . E)] p

= [sqrt(1 ɀT . L2) sqrt(1 ɀT . E2) ɀ(T . L)(T . E)] p

= cospq

Ğ p is a

phong-style

exponent
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1) Hair Scattering Model:

Our Cone-Shell Model
ÁDefined by a pair of concentric cones

about z-axis, bounded by: ʃmin , ʃmax

Ğ3ÏÌÉÄ ÁÎÇÌÅ ÂÅÔ×ÅÅÎ ÔÈÅ ÃÏÎÅÓ ÉÓ ÔÈÅ Ȱ#ÏÎÅ-3ÈÅÌÌȱ

ÁThickness of cone-shell
defines blurriness of
reflection



1) Hair Scattering Model:

Our Cone-Shell Model
Á U(0,1) pair ʊ1 , ʊ2 

generates ray in
direction (x,y,z) with
BRDF weight

Á Intuition for  weight:

Ğ cosine of angle ray makes with middle of cone-shell (ʃmid = ʃ(min+max)/2 )

Ğ = cos(ʃmidɀʃray)

Ğ = cosʃmid cosʃray ɀsin ʃmid sin ʃray

Ğ =zcosʃmid ɀ(1 ɀz2)1/2 sin ʃmid 

ɗmid



1) Hair Scattering Model:

Our Cone-Shell Model
Á At render time, we

express these in
terms of
Ğ E = eye vector

Ğ T = tangent vector

Ğ ɼ Ђ ÂÌÕÒ ÁÎÇÌÅ ÒÁÄÉÕÓ

Á For diffuse, 
cosʃmid= 0

Á We taper weight
ÆÏÒ ɼ Ѕ p/2
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1) Hair Scattering Model:

Our Cone-Shell Model
ÁSpecular Cone-Shell (500 rays, ɼЂ ΨΦȍɊ



1) Hair Scattering Model:

Our Cone-Shell Model

ÁCompare:

Area-lit cone-shell

vs

Point-lit Kajiya-Kay

ĞDiffuse

ĞSpecular


