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Global illumination, radiosity

¢ based on physics

— energy transport (light transport) in simulated
environment

— first usage of radiosity in image synthesis: Cindy Goral
(SIGGRAPH 1984)

= radiosity is able to compute diffuse light, secondary
lighting, ..

= basic radiosity cannot do sharp reflections, mirrors, ..

¢ time consuming computation
— Radiosity: light propagation only
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Radiosity — examples

© David Barina (WiKi)
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Reflected light

if y sees X

Terminology: Ly, x) Lo(y,x—y) |=L{xy-x

%2 = fx(y—x > (2]
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Radiosity equation

= assumption — ideal diffuse (Lambertian) surface:
— BRDF is not dependent on incoming/outgoing angles
— outgoing radiance L(y,») independent on direction ®

L(x, z) = Le(x,z)+ p(x)/n-_!; L(y, x)-G(y, x)-V(y, x) dA
Lix, 2 =B(x] /m, Le(x,2) =E[x) =
B(x) = Efx) + i) - [ Bly) - & VX g
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Discrete solution

B{x) = E{x] +plx) £ Bly) -dy. x) dA

where g(y, x) = G(y, x) T'Cv(y’ x)

¢ solution B 1s infinit-dimensional

= discretization of the task:

— Monte-Carlo ray-tracing (dependent on camera)
— classical radosity (finite/boundary elements FEM)
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General radiosity method

® object surfaces divided into set of elements

® definition of knot points on elements
— radiosity will be computed there

© choice of an approximation method and error
metric

— basis functions for convex blend from knot points

9 coefficients of linear equation system
— “form-factors”
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General radiosity method

© solution of linear equation system
— result: radiosity in knot points

® reconstruction of values on whole surfaces

— linear blends using basis functions and knot point
radiosities

% rendering of results (arbitrary view)
— light is proportional to radiosity
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Radiosity approximation
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(knots in (knots in (more knots
centers) vertices) in centers..)
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Constant elements

- on every element A, constant reflectivity is
assumed P, , radiosity B — average of B(x):

— terminology: p, B, for i=1..N
average over
area A

B(x) = E{x] +¢( -£B(V) -9(y.x) dA

1
B; =Ei+Pi'AI

N
> B;[g(y.x dA; |dA
iAi =1 A.

J

J -

radiosity received in point X (lying on A)
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Basic radiosity equation

1
B =E +pi- B {, | [9ly.x) dA dA
j=1 ' A A

LL

geometric term - form factor F;
(part of energy irradiated from A, received directly by A)

Radiometry 2018 © Josef Pelikan, http://cgg.mff.cuni.cz/~pepca



System of linear equations

_1—P1F1,1 —pF12 - —piFiN N2 =
—paFa1 1-poFas .. —poFon || B E,

__PNFN,1 —pnFnz - 1_PNFN,N_

vector of unknown vars [B]
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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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System of linear equations

- for planar (convex) surfaces: F, =0

— the diagonal contain only unit values

= nondiagonal items are usually very small (abs value)
— matrix is “diagonally dominant”

= system is stable and can be solved by iterative
methods (Jacobi, Gauss-Seidel)

- for light change (light sources) [E ] system needs

not to be fully re-computed, only reverse phase could
be done
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Radiosity to vertices

Even in constant element approach usage of some color
interpolation method is recommended (Gouraud)

(B,+B,)/2 B,

B, ¢ ® ®
B
B1 02 O
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' (B,+B,+B,)/3
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Linear color interpolation
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¢ Tt indicates the proportion of energy emitted from the

surface i which will hit the the surface j

— key value when creating a system of linear equations
(searching for individual area radiosities)

— first calculation (physics): Lambert 1760

= it depends only on the geometry of the scene
— distance, inclination and slope of the areas

= F;is a dimensionless number from the interval (0,1)

— for a convex polygon i is F, =0
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Form-factor
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Form-factor

Radiosity equation (with constant elements):
N

1
B =Be,i+pi-ZBj-A_”G(y,x) dA; dA
j=1 'AA

1
Fij=Ai£;!G(y,x) dA, dA, =
I V)
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Form-factor
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Calculation of form-factors

O analytical methods

® numerical methods

— hemicube (Nusselt analogue), projection into one plane,
curve integral

® numerical stochastic methods (Monte-Carlo)
— sampling of a spatial angle or an area that receives energy
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Sampling on the hemisphere

Uniform sampling of the solid angle with
cos 0, pdf

117
=

dAi ' /

g
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Sampling on the source

Non-uniform sampling of the solid angle
all rays have the same importation !

A;Q
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Nusselt analogue

N 4
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Hemicube

Regular cell network:

delta form-factors

AF

q
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+ calculation of all F; for giveni
— we project all other faces A; on the hemicube built around
dA,

- we calculate the visibility of the individual faces on the
surface of the hemicube (Z-buffer method)

= the surface of the hemicube is divided into a
regular network of cells C,

— for each cell we have calculated delta form-factor AF,
in advance
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Hemicube

- configuration factor A,is estimated by cells that were
covered by its projection:

F =) AF,

qeJ

+ dividing the cube affects the accuracy of the estimation
of the configuration factors

— in practice from 64 x64 to 2kx2k cells were used
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Delta form-factors

FormFactor 2016 © Josef Pelikan, http://cgg.mff.cuni.cz/~pepca



Sillion hemiplane method
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Hemiplane method
- faster implementation (projection, trimming)

— part of the spatial angle is neglected

— the height of the projection plane should be maximum 0.1

= visibility is calculated by divide and conquer method
— Warnock algoritm analogue
— adaptive projection plane division = better efficiency

- delta form-factor are precalculated for different
levels of division
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Numerical solutions
of the radiosity
system of equations



The system of linear equations

11— P1F1,1
—P2F2,1

i —PnFi 1

RadSolution 2016

i | = 1 .u N
j=1
—P1F1,2 _P1F1,N ) _B1 )
1- P2F2,2 ‘- _P2F2,N B, B
_PNFN,Z . 1= PNFN,N_ By_

vector of unknows [B|]
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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

Matrix form of the system:

M-B =E  M=[M’

i, j=1

First estimation: B{? = E,

i—1 N
. M, M.
Step: B+ — Ei _§ M gl _ Y i

j=i+1 1

hl
Il
_—

(=
Il
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Physical interpretation (gathering)

Bi= Ei+p- ) BF

J#i
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Southwell iteration method

+ Jacobi and Gauss-Seidel's method updates the radiosity
of single patch with the radiosities of other patches
(at the expense of others!)

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

= Southwell's method always chooses the item with the
largest value of the unshooted radiosity

= Items with a bigger radiosity are corrected earlier
— faster convergence of the solution
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Southwell's algorithm

double B[N], E[N], AB[N], M[N][N];

for ( int i=0; i<N; i++ ) { // initialization B,AB[1]
B[i] := 0.0;
AB[1i] := E[1i];
}
while (“does not converged”) { // one calculation step
“choose i so that AB[i]*A[i] == max(AB[i]*A[1])"
B[1] += AB[1i];
for ( int j=0; j<N; j++ )
} AB[j] += M[j]1[i]1*AB[1i];
AB[i] = O0;
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Southwell iteration method

O gselection 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(p) + AB(p)

Residue correction:

PP+ _ M-(B(p) + AB(p)) — P _ M. ABP)
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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

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

= method convergence = total unshooted radiosity in
the scene is decreasing

RadSolution 2016 © Josef Pelikan, http://cgg.ms.mff.cuni.cz/~pepca



Physical interpretation (shooting)

B§P+1) — ng) + ABi(p) -pj- Fji

B.

J

g
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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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Progressive radiosity

double B[N], E[N], AB[N], F[NJ[N], A[N], ro[N];

for ( int i=0; i<N; i++ ) { // 1initialization B,AB[i]
B[i] := E[i];
AB[i] := E[i];
}
while (“does not converged”) { // one calculation step
“choose i so that AB[i]*A[i] == max(AB[i]*A[i])"
for ( int j=0; j<N; j++ ) {
double ARad = AB[i]*ro[j]1*F[j1[i];
B[j] += ARad;
AB[j] += ARad;
}
AB[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:

AB=ZABi-Ai

A
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Ambient term

_______ Zpi'Ai

Average coefficient of reflection: p =
2A

Estimation of residual (ambient) radiosity:
]
1-p
When the scene is displayed, the radiosity of each face is
recalculted:

B.., = AB-|1+p+p?+...

BidiSP =B; +p; - Bamp
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