Radiosity

Classic radiosity = finite element method
Assumptions

m Diffuse reflectance

m Usually polygonal surfaces
Advantages

m View independent solution
Techniques

m Meshing

m Form factors

m Solving linear equations
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First Radiosity Pictures ...

Parry Moon and Domina Spencer (IT), Lighting Design, 1948
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Early Radiosity
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The Radiosity Equation

Assume diffuse reflection only
Solve for radiosity (2D function)

B(X) = B.(x) + p(X) E(X)

B(x) = B,() +0(¥) | F(xx)B(X)dA

G(x,X) _ COSQCOS?V(X,)()

F , "\ =
(6x) s mx=x
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Classic Radiosity Algorithm

v

Mesh Surfaces into Elements

v

Compute Form Factors
Between Elements

v

Solve Linear System
for Radiosities
v

Reconstruct and Display
Solution

v
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Simple Room Scene

Example from John Wallace
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Derivation

Radiosity integral equation

B() = B,(x) +A(x) [ B(X) F(x,X)dA
MZ
Piecewise constant basis functions

B(X) = Y BN,(¥)
B.0) = L EN(¥)
p() =3 AN (¥)
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Derivation

Convert integral equation to matrix equation

B(x) = B,(x) +p(x) [ F(x,x) > BN (X)dA

M2

ZWW@=ZBNM+ZAMW4Z&IFWXWNOM}

M2

j ZaNi(x) :ZBIN(X)+Z,0iNi(x)[ZBJ j F(x,x’)Nj(X)dA(DdA
BA=EA+AY.B [ [ FOX)N ()N, (x)dAdA
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Form Factor

Throughput
j [ C7OT|SIH 29058 v/ (x, x) dAdA
Reciprocity
T. = AF,
! ! F = AF;
T =AF; = A

Summation

Zj:':ij =ZFJi =1

Form factor is the percentage of light ...
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Classic Radiosity

Power Balance
BA =EA +IOiZBjAiji
Reciprocity !

AF, =AF, =B =K +IOiZFijB
i

Radiosity System

1- :01':11 _plFIZ o _plFln Bl E1
—P; F21 1- J2 Fzz o —0 F21 Bz — Ez
_pnFnl _pnFnZ 1= pnan Bn En
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Form Factors

Differential-differential - F(x,x’) dA’
_ cosé, cosd V(x,X) dA

dAdA T 2

mx =X
Differential-finite - E;(x)

_ I cosé, cosé V(x,X) dA

WA A mx =X 2

Finite-finite — ®;;

| €086, €058\, (%) dAdA
A
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Analytical Form Factors

-
e, -
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|n{(1+X Jaxy )} # XLV tant 2

1+ X?+Y?) J1+Y?

-XtantX -YtantY
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AR T IXY
+Y+/1+ X? tan™

F

1+ X2
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Hemicube Algorithm

First radiosity algorithm to deal with occlusion
1. Render scene from the point of view of each vertex/element

2. Compute delta form factors — contribution from each pixel

l

Render source elements from
POV of receiving element
[ %%
At
i F AF
)
i dA.A p
pOA;
Typical resolution: 32x32 l
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Hemicube Delta Form Factors

5

r=e+y?+1 | I r=\1+y*+27°

1
COSP = —F—-—--— 1
[y2 2 COS@)=——
AA AA
AF = 2 2 2 AF = 2 2\2
(X" +y” +1) ml+y” +277%)
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Hemicube Algorithms

Advantages
+ First practical method -> Patent!
+ Use existing rendering systems; Hardware!

+ Computes all form factors in O(n)
Disadvantages
- Computes differential-finite form factor

- Aliasing errors due to sampling
Randomly rotate/shear hemicube

- Proximity errors
- Visibility errors
- Expensive to compute a single form factor
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Solve [F][B] = [E]

Direct methods: O(n3)

m Gaussian elimination

Goral, Torrance, Greenberg, Battaile, 1984

Iterative methods: O(n?)
Convergence
Energy conservation -> diagonally dominant -> converge

m Gauss-Seidel, Jacobi: Gathering
Nishita, Nakamae, 1985
Cohen, Greenberg, 1985

m Southwell: Shooting
Cohen, Chen, Wallace, Greenberg, 1988
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Iterative Solvers

Iteration

(I-F)'B=E
B=(l +B+B* +--)E

B°=E
B'=E +FB°
B"=E+FB"*
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Gathering

for (i=0; i<n; i++)

] B[] = Beli];

while( !converged ) {
7 for (i=0; i<n; i++) {
A E[i] =0;
AL for(j=0; j<n; j++)
E[i] += F[i][] * B[jI;
B[i] = rho[i]*E[i];
}

20\
1

}

Row of F times B
Calculate one row of F and discard
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Shooting

for (i=0; i<n; i++)
B[i] = dB[i] = Be[i];
while( 'converged ) {
seti st dB[i] isthe largest;
for (j=0;j<n;j++)

if(i'=)) {
dBj =rho[j]*F[j][i]*dBl[i];
dB[j] +=dBj;
B[j] +=dBj;
}
dB[i]=0;
Brightness order }
Column of F times B
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Results: Gathering vs. Shooting

From Cohen et al.

—— Gauss-Seidel
20 —— Progressive Radiosity
—o— PR + Ambient

. U T T T 1
0 20 40 - 60 80 100

’Fignre 5.9: Convergence versus number of steps for three algorithms.

CS348B Lecture 17 Pat Hanrahan, Spring 2001

Page 10




Accuracy

Reference Solution Uniform Mesh
Table in room sequence from Cohen and Wallace
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Artifacts

A. Blocky shadows Error Image
B. Missing features

C. Mach bands

D. Inappropriate shading discontinuities

E. Unresolved discontinuities
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Increasing Resolution
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Adaptive Meshing
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Megaradiosity

CEE LRI e ey

WL HERTEEET ARy

From S. Teller, T. Funkhouser, C. Fowler, P. Hanrahan
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