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The system of linear equations
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Quantities

= B... unknown radiosity values of individual faces

— when calculating color, we need to calculate radiosity for
all required wavelengths (color components - e.g. R,G,B)

= E. .. own (emitted) radiosity (R,G,B)
= p, .. reflection coefficients of an object (R,G,B)

= F; .. form-factors

— they depends only on scene geometry
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= For complex scenes is matrix M almost sparse

= M is diagonally dominant and well-conditioned

— can be solved with iteration method (Jacobi, Gauss-
Seidel)
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Gauss-Seidel method

Step: wrlh = =
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Physical interpretation (gathering)

Bi= Ei+p- ) BF

J#i
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Residue

Residue (error estimation) of the k-th iteration:
r = E-m.B¥

In one calculation step, one item of the vector of
the solution B, is updated:

r.(k)

B(k+1) B(k) + I
M||

(Jacobi method .. residues are corrected after iteration
Gauss-Seidel .. correction is calculated after each step)
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Southwell iteration method

+ Jacobi and Gauss-Seidel's method zeroes one component
of the residue at each calculation step
(at the expense of others!)

— items are updated in order 1, 2, ... N

= Southwell's method always chooses the item with the
largest absolute value of the residue

= Jtems with a bigger errors are corrected more often
— faster convergence of the solution
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Southwell iteration method

O selection of the item with the maximum residue:
v, = max{ ||}

® updating of the i-th solution item B,

® updating the residual vector r

® steps @ to © are repeated until the system meets
the convergence criterion
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Incremental calculation of residue

Updating the solution vector in a single calculation step:

g(P+1) — g(pr) + AB(p)

Residue correction:

rP*) — E_Mm.IBP) + ABP)| = rP) _M. ABP)
Since only the i-th component of the solution vector
has changed:
(p)
rj(P+1) — rj(P) _ Mji . |L ] —1..N
M..
]
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Southwell's algorithm

double B[N], E[N], r[N], MINI[NI;

//solutions and residues initialization
for ( int i=0; i<N; i++ ) {

B[i] := 0.0;
rfi] := E[i];
}

while (“does not converged”) {
// one step of calculation
“choose 1 so that fabs(r[i])== max(fabs(r[i]))”
double delta = r[il/M[1]1[1];
B[i] += delta;
for ( int j=0; j<N; j++ )
rfjl -= M[jl[i]1*delta;
}
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- B. .. radiosity of the i-th face (direct and indirect)

- on step of the calculation = radiosity (shoot)
distribution of the i-th face to the neighborhood faces

- r,.. yet unshooted radiosity of the i-th face

= method convergence = total unshooted energy in
the scene is decreasing
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Physical interpretation (shooting)
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Total unshooted energy

According to the reciprocal rule for form-factors:

1 A

E— J

Energy distribution in one calculation step:

<1

7
1 .
P A = rP A+ pj-F-rP A j=1..N
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Progressive radiosity

¢+ M. Cohen at al., SIGGRAPH ‘88

+ interactive illumination calculation
— a progressive result is displayed after each step
— an effort to estimate the solution in the first few steps

= Southwell's method alteration
— selecting the face with the most unshooted energy
— using of the ambient term of the illumination
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«@° °%e.,
......

Progressive radiosity

double B[N], E[N], dB[N], FINI[N], A[N], ro[N];

=0; i<N; 1++ ) { // initialization B, dB

while (“does not converged™) { // one calculation step
“choose 1 so that dB[i]*A[i]l== max(dB[i]*A[i])”
for ( int j=0; j<N; j++ ) {
double drRad = dB[il*ro[jl1*F[jl1L[i];
B[j] += dRad;
dB[j] += dRrad;
}
des[i] = 0.0;
“displaying halftime result using radiosity B[i]”

}
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Ambient term

+ Improving the look of continuously displayed halftime
results

= Approximation of the non-computed light reflections

Total already unshooted radiosity:

AI3=Zri-Ai

A
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Ambient term

_______ Zpi'Ai

Average coefficient of reflection: f_) =
2A

Estimation of residual (ambient) radiosity:

B, = AB.[14+p+p’+..|= 2B
1-p
When the scene is displayed, the radiosity of each face is
recalculted:

BidiSP =B; +p; - Bamp
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