
Page 1

CS348B Lecture 11 Pat Hanrahan, Spring 2006

Reflection Models

Last lecture

Reflection models

The reflection equation and the BRDF

Ideal reflection, refraction and diffuse

Today

Phong model

Microfacet models

Torrance-Sparrow model

Self-shadowing

Phong Model
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Glossy Surfaces

Mirror Diffuse
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Reflection Geometry
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Phong Model
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Distributed light source!
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Energy Normalization

Energy normalize Phong Model
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Microfacet Model
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Bouguer’s “little faces”

P. Bouguer, Treatise on Optics, 1760
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Reflection of the Sun from the Sea

Minnaert, Light and Color in the
Outdoors, p. 28

α

2α
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Reflection Angles

cosh r θ=

α

γ

Side view
r

α

Calculate the angular height γ

L EAssume L and E are at the same height h
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Reflection Angles

cosh r θ=

β
α

γ
δ

α β γ δ+ = +

Side view

L E
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Reflection Angles

δ

α β γ δ+ = +

β α δ− =

Side view β
α

L E
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Reflection Angles

α

γ

α β γ δ+ = +

β α δ− =
2γ α⇒ =

Side view α

L E
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Reflection Angles

cosh r θ=

αSide view
r

α

L E
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Reflection Angles

Front view

b

ψ =tan
b

r

L Calculate the angular width

ψ

r

CS348B Lecture 11 Pat Hanrahan, Spring 2006

Reflection Angles

Front view

b

ψ =tan
b

r

L Calculate the angular width

α θ= tan cos

cosh r θ=

α

tan
b

h
α =

α= tan
h

r



Page 9

CS348B Lecture 11 Pat Hanrahan, Spring 2006

Analysis on the Sphere
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Microfacet Distributions
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Gaussian Rough Surface

Gaussian distribution

of heights

Gaussian distribution 

of slopes

Beckmann

2

221
( )

2

z

p z e σ

πσ

−
=

2

2

tan

2 2

1
( )

cos
mD e

m

α

α
π α

−
=

2
m

σ
τ

=

σ

τ

θ
z

x

CS348B Lecture 11 Pat Hanrahan, Spring 2006

Microfacet Distribution Functions

Isotropic distributions

Characterize by half-angle

Examples:

Blinn

Torrance-Sparrow

Trowbridge-Reitz
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Torrance-Sparrow 
Model
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Torrance-Sparrow Comparison

Aluminum

Found an off-specular peak
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Torrance-Sparrow Comparison

Magnesium Oxide

Found an off-specular peak
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Explanation: Fresnel Term
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Torrance-Sparrow Model
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Torrance-Sparrow Model
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Solid Angle Distributions
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Problem: Conservation of Energy

Without self-shadowing With self-shadowing
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Self-Shadowing Function

From Smith, 1967

W=m
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Self-Shadowing Function

Probability of shadowing
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Self-Consistency Condition

The sum of the areas of the illuminated surface 
projected onto the plane normal to the 
direction of incidence is independent of the 
roughness of the surface, and equal to the 
projected area of the underlying mean plane.
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Torrance-Sparrow Theory
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