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CMSC 435
Introductory Computer Graphics

More Illumination
Penny Rheingans

UMBC

Advanced Illumination Topics
• Transparency
• Light source energy
• Surface Physics
• BRDF
• Incidence Angle Effects
• Anisotropic Effects
• Wavelength Dependent Effects
• Layered Surfaces

Filtered Transparency
• Intensity

– If = If1 + kt1OtfIf2

• Must composite back to front (or front to
back

Refraction

Refractive Transparency Refractive Transparency
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Calculating Refraction Vector Calculating
Refraction

Vector

T = sinθrM - cosθrN
= (sinθr/ sinθi )(Ncosθi -L)-cosθr N
= ((ni/nr) sinθi)/ sinθi (Ncosθi -L)-cosθr N
= ((ni/nr)(Ncosθi -L))-cosθr N
= ((ni/nr)cosθi -cosθr )N- (ni/nr)L
= ((ni/nr)cosθi -sqrt(1- (ni/nr)2sin2 θi ))N- (ni/nr)L
= ((ni/nr)(N•L) -sqrt(1- (ni/nr)2 (1-(N•L)2 )))N- (ni/nr)L

Snell’s Law

MsinθrM

Side Top
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Refraction by
Wavelength

Light Source Energy

Surface Physics
• Conductor (like metal)

Smooth Rough

Surface Physics
• Dielectric (like glass)

Smooth Rough

Surface Physics
• Composite (like plastic)

Reflectance Model
• Cook and Torrance, ‘81
• Incoming energy of incident light beam

Ei = Ii(N•L)dωi
where Ii : incident intensity

 dωi : solid angle of beam

• Bidirectional reflectance
R = Ir/Ei

• Reflected light from each light source
Ir=REi
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BRDF Directional Distribution
• Assume surface consists microfacets

– Rs = F/π * D/(N•L) * G/(N•V)
– F: Fresnel term
– G: geometric attenuation factor (masking and shadowing)
– D: facet slope distribution function

Spectral Composition
• All components of reflectance depend on wavelength
• Reflectance spectra of materials from measurements
• Spectral energy distribution of reflected light from

spectral distributions of both incident light and
reflectance

• Cook and Torrance ‘81

• Cook and Torrance ‘81 • Cook and Torrance, ‘81
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      Directional diffuse     ideal specular     uniform diffuse

• He et al. ‘91 • He et al. ‘91

Latta and Kolb, 2002 Latta and Kolb, 2002

Anisotropy
• Oriented light reflection not solely

dependent on normal/light relationship
• Examples

– oriented components: fur, hair, grass, fibers
– oriented defects: burnished metal, scratches

Hierarchy of Geometric Models
• Geometry
• Displacement
• Bump mapping
• Frame bundles
• Cylinders
• Micro-facets



6

Cylindrical Scratches
• Use positive and negative cylinders to model

grooves of anisotropic surface
– d: distance
– h: height

• Shadowing and hiding effects

• Poulin and Fournier ‘90

• Poulin and Fournier ‘90
• Poulin and Fournier ‘90

• Poulin and Fournier ‘90

Diffraction Shaders

Stam ‘99
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Stam ‘99

BRDF
Acquisition

Matusik et al., ‘03

Matusik et al., ‘03 Matusik et al., ‘03

Matusik et al., ‘03

BRDF Generation

Ashikhmin et al. ‘00
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Layers and Subsurface Scattering
• Translucent

materials
require
BSSRDF

Jensen et al, ‘01

BRDF BSSRDF

Jensen et al, ‘01

Jensen et al, ‘01
Jensen et al, ‘01

Comparisons to Reality
• Correspondence between appearance

standards and illumination parameter

Westlund and Meyer, ‘01
Westlund and Meyer, ‘01
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Westlund and Meyer, ‘01


