Reflection Models

Last lecture
m Reflection models
m The reflection equation and the BRDF
m Ideal reflection, refraction and diffuse
Today
Phong and mircofacet models

m Gaussian height surface

Self-shadowing

Torrance-Sparrow model

Anisotropic reflection models
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Phong Model
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Reflection Geometry
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Phong Model
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Reciprocity: (é . R(E))S = (|: . R(E))S

Distributed light source!
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Phong Model

Diffuse
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Energy normalization

Energy normalize Phong Model
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Microfacet Model

Bouguer’s “little faces”

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

Source: Minnaert, Light and Color in
Outdoors, p. 28
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Reflection Angles
L E

Side view
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at the same height h B-a=5
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Reflection Angles
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Analysis on the Sphere
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Solid Angle Distributions
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Microfacet Distributions

Normalization

'[ cosb, dA(w,) = dA
HZ

_[ D(w,)cosé, do, =1
Microfacet H2

dA(w,) dw, = D(w,)dw, dA
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Microfacet Distribution Functions

Isotropic distributions D(w,) = D(a)

Characterize by half-angle 3 D(B) =%

Examples: o
. o _In
® Blinn D,(a) =cos*« o] incos 7
m Torrance-Sparrow D,(a) = e c, :%
. Do _ c

B Trowbridge Relt: D,() —Dooda 1

c - cos” -1

° |cog g2
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Torrance-Sparrow

Model
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Torrance-Sparrow Model
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dd, =L, (w,)cosé do’ dA(w,)
=L, (w,) cosf'dw’ D(w,) dw, dA

| | dA(w,) dw,, = D(®,) dw, dA

dd, =dL, (o, - w,)cosé, do, dA

do, = d,

- oL, (o, — @) cosb, dew, dA
=L, (w,)cosé’' dw’ D(w,) dw, dA
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Torrance-Sparrow Model

dL, (o, > ®,)cos6, dw, dA
=L, (®,)cosf’dw’ D(w,) dw, dA
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Self-Shadowing

Shadows on Rough Surfaces

Without self-shadowing With self-shadowing
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Gaussian Rough Surface

Gaussian distribution
of heights

1
A=y

Gaussian distribution

of slopes ,
tan“ o
1 - 20
D(a) = . e m=—
Jrm? cog T
Beckmann
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Self-Shadowing Function

Probability of shadowing U \/ —

{1— ; erfc(y/x/zm)} R

1+ A(w)

2A(u) = [\/%J%ef‘z’zmz = erfc(,u/ﬁm)
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Self-Shadowing Function
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- From Smith, 1967 - R
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Self-Consistency Condition

[ S()D(e)cos6'dw,, = coso

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 Experiments
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Anisotropic Reflection
Model
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Anisotropic Reflection
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Quarterhorse
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Reflection from a Cylinder

D —»
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Reflection from a Cylinder
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Reflection from a Cylinder

_’I‘_
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Reflection from a Cylinder
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Reflection from a Cylinder
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Anisotropic Reflection
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Shape of Anisotropic Highlights

Fibers tangent to the plane defined by the halfway
vector reflect light

(d)

From Lu, Koenderink, Kappers
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Shape of Anisotropic Highlights

From Lu, Koenderink, Kappers
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Kay-Kajiya Model
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Diffuse
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Specular E

cos’ (6, — 6, ) = (cosé, cosd, +sind, sing, )’
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Herbert
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Hair Model

Black Hair Brown Hair

CS348B Lecture 11 Pat Hanrahan, Spring 2002

Self-Shadowing
V-Groove Model
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Self-Shadowing: V-Groove Model

Assumptions (Torrance-Sparrow)

1. Symmetric, longitudinal, isotropically-
distributed :
G =min(G,,G,,G,)

_2(NeH)(NeE)
" (HeE)

G, - Z(N oAI:I)(AIQI . I:)
(Hel)
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Self-Shadowing: V-Groove Model
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