Page1 CS348B Lecture 14Pat HanrahanTo The Rendering EquationQuestions1. 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

Illumination ModelsTo evaluate the reflection equation the illumination must be specified or computed.nDirect (local) illuminationnPrimary light sourcesnNo shadows, no occlusion n No integration (point sources) n Indirect (global) illumination n Secondary light sources, interreflections n Area or directional integration n Complete accounting of light energy

Li(ωi)

dωi θi Lr(ωr)

Lr (x,ωr ) = fr (x,ωi → ωr )

H 2∫ Li(x,ωi )cosθi dωi

Page 2

CS348B Lecture 14Pat HanrahanThe Grand SchemePhysicsTransport TheoryMathematics Integral EquationsComputer ScienceAlgorithms

Numerics

Photons/Light

Radiometry

Balance/Transport Equation

Volume

Rendering Equation

(Surface)

Rendering Equation

Radiosity Equation

CS348B Lecture 14Pat HanrahanBalance EquationAccountability[outgoing] - [incoming] = [emitted] - [

absorbed ]

Macro to micro phase space

Φ o − Φ i = Φ e − Φ a W[ ] B(x)− E(x) = Be(x)− Ba (x) Wm2

Lo(x,ω)− Li(x,ω) = Le(x,ω)− La (x,ω) Wm2sr

Page 3

CS348B Lecture 14Pat HanrahanEnergy (Power) BalancenMicro, or local level The energy flowing into a small region of phase space must equal the energy flowing out. n Macro, or global level

The total light energy put into the system must equal

the energy leaving the system (usually, via heat).CS348B Lecture 14Pat Hanrahan

Surface Balance Equation[outgoing] = [emitted] + [reflected] + [transmitted] 1. Ignore transmission 2. Reflection equation relates incident to reflected

Lo(x,ωo ) = Le(x,ωo )+ fr (x,ωi → ωo )

H2∫ Li(x,ωi ) cosθi dωi Lo(x,ω) = Le(x,ω)+ Lr (x,ω)+ Lt (x,ω)

Page 4

CS348B Lecture 14Pat HanrahanCouple Balance Equations1. Relationship between incoming and outgoing radiance

Li(x*(x,ω),− ω) = Lo(x,ω)

Li(x,− ω) = L(x,ω) ω •n < 0 Lo(x,ω) = L(x,ω) ω •n > 0

x*(x,ω)

xωH−^2 ω •n < 0H+^2 ω •n > 0^{CS348B Lecture 14Pat HanrahanTwo Point Geometry2.Relationship between solid angle and source surface}

d ′ω = cosθo x − ′x 2 dA

cos ′θi d ′ω d ′A = cos ′θi cosθo x − ′x 2 dAd ′A

x x’

dA dA’ θo θi’ Page 5

CS348B Lecture 14Pat HanrahanThe Rendering Equation1.Directional integral [Immel, Cohen, Greenberg 1986]2.Surface integral

G(x,x')= cos ′θo cosθi x− ′x 2 V(x, ′x )

L(x,ωo ) = Le(x,ωo )+ fr (x,ωi → ωo )

H+2∫ L(x*(x,ωi ),ωi ) cosθi dωi

L(x,ωo ) = Le(x,ωo )+ fr (x,ωi( ′x − x)→ ωo )

M2∫ G(x, ′x )L( ′x , ′ωo(x− ′x )) d ′A

V(x, ′x )Visibility term

CS348B Lecture 14Pat HanrahanThree Point Transport [Kajiya 1986]

L( ′x , ′′x ) = Le( ′x , ′′x )+ fr (x→ ′x → ′′x )

M2∫ G(x, ′x )L(x, ′x ) dA

Page 6

CS348B Lecture 14Pat HanrahanThe Radiosity EquationAssume only

diffuse reflection1.2.Two Point TransportForm factor

: The percentage of lightleaving dx� that arrives at dx

B(x) = Be(x)+ fr,d (x) B( ′x ) G(x, ′x )d ′A ∫ F(x, ′x ) = G(x, ′x ) / π

B(x) = E(x)+ρ (x) B( ′x ) F(x, ′x )d ′A ∫ L(x,ω) = B(x) / π

fr (x,ωi → ωo ) = fr,d (x)

CS348B Lecture 14Pat HanrahanIntegral Equations and OperatorsFredholm integral equation of the 2nd kindIntegral operator

fx gx kxyfydy

() () (,)()

= + �

( )() ( , ) ( )

Kf x k x y f y dy=�( )IK- =fg

Page 7

CS348B Lecture 14Pat HanrahanFormal SolutionInvertVerify:Physical interpretation

( ) ( )

IK IK

- = � = - -

fg f g1

11 1 1 2 - =+++ <

x x x xKfor

( ) ( (

IK IKKIKIKI-=+=+

- 1 2KK