Page1 CS348B Lecture 10Pat HanrahanQuestions1. How is light measured?2. How is the spatial distribution of light energy described?3. How is reflection from a surface characterized?4. What are the conditions for equilibrium flow of light in an environment?

Definition:

Reflection is the process by which light incident on a surface interacts with the surface such that it leaves on the incident side without change in frequency.PropertiesnDirectional distribution

nSpectra and ColornPolarizationTheoriesnPhenomenological

Page2 CS348B Lecture 10Pat HanrahanTypes of Reflection FunctionsIdeal SpecularnReflection LawnMirrorIdeal DiffusenLambert�s Lawn

Specular n Glossy n Directional diffuse

θi θ_r

CS348B Lecture 10Pat HanrahanComputer Graphics ModelsFor example, SGI shading modelTerms:nAmbient - Hack!nDiffuse

Specular

Phong, Blinn

Lr = ka La + kd (N•Li )+ ks(N•Hi )s ( ) ∑ Li

Page 3

CS348B Lecture 10Pat HanrahanProcessesAspectsnSurface vs. subsurface interactionSingle vs. multiple interactionsn

Homogeneous vs. heterogenous materials

Examples n Varnish n

Paint n Metal n Cloth

Later we will consider a complete accounting including:

reflected, transmitted, emitted and aborbed light

CS348B Lecture 10Pat HanrahanThe BRDFBidirectional Reflectance-Distribution Function (BRDF)

fr (x,ωi → ωr ) ≡ dρcosθr dωr = dLr (ωi,ωr )dE(ωi ) = dLr (ωi,ωr ) Li(ωi )cosθi dωi 1sr

Li(ωi) dωi θi θr dLr(ωr)

ϕr ϕi

dρ = d2Φ rdΦ i = dLr (ωi,ωr )cosθr dωr Li(ωi )cosθidωi

dΦ i = Li(ωi )cosθidωi dA

d2Φ r = dLr (ωi,ωr )cosθrdωr dA

Page 4

CS348B Lecture 10Pat HanrahanThe Reflection EquationLinearity:1. Doubling the incident light, doubles the reflected light.2. Several sources behave like the sum of each source.

Lr (x,ωr ) = fr (x,ωi → ωr )

2π∫ Li(x,ωi )cosθi dωi

Li(ωi)

dωi θi Lr(ωr)

CS348B Lecture 10Pat HanrahanProperties of BRDF�s1. Helmholtz reciprocity principle2. Isotropic vs. anisotropic = = Page 5

CS348B Lecture 10Pat HanrahanGeneralizationsBidirectional Scattering-Surface Reflectance-Distribution Function (BSSRDF)nt, l- Flourescence and phosphorescenceBidirectional transmittance-distribution function (BTDF)

fr (xi → xr ,ωi → ωr ,ti → tr ,λ i → λ r )

ft (x,ωi → ωr ,t,λ )

CS348B Lecture 10Pat HanrahanSimplifications1. Eliminate area integral n

Ambient lightnPoint source n Distant source

2. Ideal materials n Perfect reflection and refraction n Perfect diffuse

Page 6

CS348B Lecture 10Pat HanrahanDistant Source

E = Lcosθ dω

∫ = Es cosθs

L(θ,φ ) = Esδ(cosθ − cosθs )δ(φ − φ s )

L(θ,φ )

∫ cosθ dcosθ dφ

= Esδ(cosθ − cosθs )δ(φ − φ s )

∫ cosθ dcosθ dφ

= Es cosθsδ(x)dx =1

∫f(x)δ(x− a)dx = f(a) ∫

E_sθ_s^{CS348B Lecture 10Pat HanrahanThe ReflectanceDefinition}

: A reflectance is a ratio of reflected to incident fluxnDerivation assumes uniform incident radiancenAll experiments measure reflectancesnConservation of energy: 0 £ r £ 1 vs. 0 £ fr £ ¥ n Units: r [ dimensionless], fr [ 1/steradians]

ρ (ωi → ωr ) ≡ dΦ rdΦ i = Lr (ωr )cosθr dωr dA

Ωr∫Li(ωi )cosθi dωi dA Ωi∫ [dimensionless]

= fr (ωi → ωr )cosθi dωi cosθr dωr Ωi∫Ωr∫ cosθi dωi Ωi∫

Page 7

CS348B Lecture 10Pat HanrahanDirectional-Hemispherical ReflectanceDefinition

:1. Reciprocity2. Isotropy3. Normal reflectanceNormalization condition required to conserve energy

ρ (ωi → 2π) = fr (ωi → ωr ) cosθr dωr 2π∫ ρ (ωi → 2π) = ρ (2π → ωr ) ρ (ωi → 2π) = ρ (2π → ωr ) = ρ (θ) ρ n = ρ (0)

CS348B Lecture 10Pat HanrahanIdeal Specular Reflection

Lr,s(θr ,φ r ) = Li(θr ,φ r ± π) θi = θr φ i = φ r ± π

θ^rθ^i

δ(f(x)− f(a))=

δ(x− a)

′f (a)

Page 8

CS348B Lecture 10Pat HanrahanIdeal Diffuse ReflectionAssume light is equally likely to be reflected in any output direction (independent of input direction).

Lr (ωr ) = fr,d2π∫ Li(ωi )cosθi dωi = fr,d Li(ωi )cosθi dωi 2π∫ = fr,d E

CS348B Lecture 10Pat HanrahanLambert�s Cosine Law1. The reflected radiance L is constant and equal in all reflected directions.2. Therefore L = B/p .. 3. The magnitude of the reflected radiance

L equals fr,dE . 4. All reflectances are equal: r d = p .f r,d 5. The total reflectance equals the radiosity over the

irradiance B/E . Page 9

CS348B Lecture 10Pat Hanrahan�Diffuse� ReflectionTheoreticalnBouguer - Special micro-facet distributionSeeliger - Subsurface reflectionn

Multiple surface or subsurface reflections

Experimental n Pressed magnesium oxide powder n

Almost never valid at high angles of incidence

Paint manufactures attempt to create ideal diffuse