COMPSCI 715 Part 2

Lecture 8 - Advanced Lighting and Materials



OpenGL Model

Ambient illumination, diffuse reflection, and
specular highlights

Basic materials properties
Uses combination of Phong and Gouraud
Limited to particular types of materials

Phenomenological model



OpenGL’s Phong based
lllumination

® Most common lighting model (taught in 372)

® COIOurpier — Ambmat XAmbscene
+ max(L*N,0)xDiffmacxDiffiight

+ max((L+E)*N,0)s""exSpecmarxSpeciight

® |L+E is known as the"

nalf-angle vector’

® Attenuation = |/(kctkid

+ kqd?)



Gouraud Interpolation

® |ighting calculation done per-vertex
® |nterpolation across surface:

® Rotationally independent (if triangles)

B




Material Properties

® OpenGL allows
material properties &% i & A

to be specified as

part of state:
LY

® ambient, diffuse,
specular reflection

coefficients . . . .

® shininess factor



Material Properties

® Tables of commonly used properties exist:
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BRDF

® Bidirectional Reflectance Distribution Function

® Given a normal (N) computes light reflected
towards the eye (E) due to light from
direction (L)

® Denoted BRDF(L,E;N, params)



BRDF Constraints

® [wo constraints:
e Reciprocity: BRDF(L,E;N) == BRDF(E,L;N)
® Energy Conservation:

® |ncident Light = Reflected + Absorbed +
Transmitted



BRDF Components

® Two components:

® Glossy / specular

a

® Diffuse / Lambertian

Al




BRDF Types

® Creation Methods:

® Analytical / Observation-based

® Emperical / Physically-based
® Model Types:
® Anisotropic

® [sotropic



BRDF Measuring

focusing focusing Measured BRDF
mirror mirror sealed by cubic root Tunction)

TN

EBlue paint

—

Incoming difrraction

Light grating array diode

detector Commercial aluminum Elue plastic

Source: Greenberg et al.



BRDF




Lambertian

® Models perfectly diffuse surfaces

® Proportional to angle of incidence

cos0,
JilE— k)




Blinn-Phong as BRDF

® Blinn-Phong is not reciprocal or energy
conserving unless we reformulate:

® Colourpixel = Diffiight
+ max((L+E)*N,0)sh"exSpeciight
* Diffight = (I - Speciight)



Phong vs. Blinn-Phong

Blinn-Phong Blinn-Phong

(Lower Exponent)

Source:Wikipedia



Microfacets

® Microfacets are tiny surface details modeled

using bump-map

® Most models rec

DINg

uire facet size to be greater

than the wavelength of the light reflected
N




Light Interaction

Inter-reflection ~ Shadowing MENNTY



Why use Microfacets!

e . [

Real Vase Phong Shading

Source: Oren-Nayar



Cook-Torrance

Built on v-facet model of Torrance &
Sparrow (1967)

Has different functions for distribution of
microfacets and models self-shadowing and
NENNTY

Incorporated Blinn-Phong and Fresnel
reflection

Often used to model metallic surfaces



Cook-Torrance Facets

® Distributed around the Normal N

® Normally uses the Beckmann distribution:

® Maximum variance

® Mean difference m



Cook-Torrance Fresnel

® Fresnel Specu

® Describes t

ar Reflections

ne interaction of light between

materials of different refractive indexes
_ L= <1+<c<c+g>—1>2>

2 (g+c) (clc—g)—1)
cos@ =V -H

n?4+ct—1

® n: Refractive index



Cook-Torrance
Attenuation

® Geometric Attenuation: Simulates self-
shadowing and masking




Cook-Torrance

Putting together previously defined elements
we can create the equation for the specular
component of reflection:

F DG

T (N-L)(N-V)

Diffuse component is usually just Lambertian



Cook-Torrance
MEWREIR

asld A

Carbon Red Obsidian Lunar Olive Rust
Rubber Dust Drab

ele Yoo le

Bronze Tungsten Copper Nickel Stainless
Steel

Source:Cook-Torrance 1982




Oren-Nayar

® Diffuse model derived from real-world
observations

® Statistical isotropic Gaussian distribution of
orientations

® Attenuation factor accounting for light
Interactions




Oren-Nayar Parameters

® Parameters:
® p:Roughness
e E: Width of slope distribution

® (O Distribution of microfacets

® When O is zero the model is identical to the
lambertian



Oren-Nayar

ON(0,.0,9,.9;) = %EOCOSHi(A+BmaX[O ,c0s((p,~;)sinatanys)

0.2

0%+0.33

0.2

0%+0.09

A=1.0-0.5

B=0.45

a=max(0,.0,)

f=min(6,,0;)




Oren-Nayar
Comparison

Lambertian Oren-Nayar



More modern methods

® He-Torrance-Sillion-Greenberg (199)

® Sub-surface scattering, directional diffusion
® Schlick (1994)

® New microfacet models, anisotropy

® Ward (1992)

® Very fast anisotropy, physically correct
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