Page1 CS248 Lecture 17Copyright � Pat HanrahanTypes of Reflection FunctionsIdeal SpecularnReflection LawnMirrorIdeal Diffusen

n Matte

Specular n Phong and Blinn Models n Glossiness and Highlights

θi θ_r

CS248 Lecture 17Copyright � Pat HanrahanRadiometryRadiometry is the science of light energy measurementRadiance

IrradianceThe energy per unit area

falling on a surface

Radiosity

The energy per unit area

leaving a surface dA dω

L(x,ω)

Li(ωi)

dωi θi

Page2 CS248 Lecture 17Copyright � Pat HanrahanIrradiance: Distant Source

E^sθsE = E^s cosθ^s_{CS248 Lecture 17Copyright}�_{Pat HanrahanIrradiance: Point SourcenNote inverse square law fall off.n} Still has cosine dependency

Page 3

CS248 Lecture 17Copyright � Pat HanrahanIdeal Diffuse ReflectionAssume light is equally likely to be reflected in any output direction (independent of input direction).Lambert�s Cosine Law

L =

Matte surfaces

Diffuse Reflection is difficult to explain on first principles

Subsurface scattering

Multiple surface reflectionsCS248 Lecture 17Copyright �

Pat HanrahanLaw of Reflection

θ r = θ iθ^rθ^iφ^iφ^rφ^r = φ^i ± π

r N r R rI r

R +(− r

I) = 2cosθ r

N = − ( r

I • r

N) r

N r R = r I − ( r I • r N) r N

Page 4

CS248 Lecture 17Copyright � Pat HanrahanReflection Geometry

NLEHM(L)N

LM(L)HEM(E)

coscosqi r =•=•LNEN

coscos () ()

cosqgs =•= •=•

=•¢ ENRLELRE HN

CS248 Lecture 17Copyright � Pat HanrahanPhong Model: Distributed Light Source

Page 5

CS248 Lecture 17Copyright � Pat HanrahanRough Surface: Microfacet Distribution

D^1(α ) = cos

c^1 α D^2(α ) = e

− (c^2α ) 2

D^4(α ) = 1 π 1/ 2 m 2 cos 2 α e − tan 2 α m 2 c^1 =

ln 2 ln cosβ

c^2 = 2 β BlinnTorrance-SparrowBeckmann

CS248 Lecture 17Copyright � Pat HanrahanCubical Environment Map Note:n

Easy to produce with rendering system n Possible to produce from photographs n Resolution roughly the same in all directions n Texture coordinates simple function of direction n Lines map to lines

Page 6

CS248 Lecture 17Copyright � Pat HanrahanGazing BallNote:nPhotograph of reflective ball n Reflection indexed by normal n Maps entire field of view to circle

n Resolution function of orientation; maximum head-on n Fish eye camera lens similar

CS248 Lecture 17Copyright � Pat HanrahanComputer Graphics ModelsFor example, SGI shading modelTerms:n

Ambient - Hack! n Diffuse n Specular

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

Page 7

CS248 Lecture 17Copyright � Pat HanrahanLightingIllumination and reflection calculationsnNormals n Coordinate systems

Lighting calculations

are derived from

laws of physics must be done in cs

isometric to world

Transform

Shade

Project

PPNCS248 Lecture 17Copyright � Pat HanrahanTransformation of NormalsNormals remain perpendicular to tangents Rotations special case!

N•V = 0 ′N • ′V = 0