The Computational Complexity of

Hierarchical
Radiosity



What is radiosity?

® Method for simulating light in an 3D
environment.

® Realism as goal.




Direct illumination




Direct illumination




Radiosity




Radiosity



Radiosity Equation
BO) = B.(y) + p(») L 6 (x,y)V (x, y)B(x)dx

® B(y),B(x): Radiosity in point y and point x

® Bc(Y): Radiosity emitted by y if y is a lightsource
® D(Y): Reflection coefficient

® ((X,Y): Geometric relationship

® V(x,y): Visibility function

B(y): Ljusstyrkan i punkt y
Be(y): Ljusintensitet om ljuskalla
p(y): Reflaktiongrad, Ra

G(x,y): Geometriskt forhallande For viktning av overford energi. Nasta slide.
V(x,y): Ifall punkterna ser varandra
B(x): Ljusstyrkan i punkt x




Geometric relationship

cos 6, cos 0,

G(x,y) = o7
Xy

Detta forhallande anvands for att vikta 6verforingen av energi.




The Kernel

B(y) = Be(y) + p(¥) L G(x,y)V(x,y)B(x)dx

Cmmy )

k(x,y) = p(y)G(x,y)V(x,y)

Funktionerna p, G och V kombineras till karnan.




Calculating radiosity

The radiosity equation cannot be solved
analytically in general.

® Approximation
® Hanrahan et al.
® One of many

® Effective!

I_-_Ianrahans rapport argumenterar effektiviteten.
Anvdnds iom berdakningseffektiviteten.




Rierarchical radiosity

Transform the radiosity equation to
a linear system of equations

B(y) =B,(y) + p(y) | G(x,y)V(x,y)B(x)dx

bi=el~+ k

—

A

Diskreta approximationer av original ekvationen




This article

® Refines and generalizes the complexity
analysis

® Shows a surprising worst-case behavior

Effektivitetsmassigt varre i praktiken




Hanrahan et al. procedure

ProjectKernel (Element i, Element j)
error= Oracle(i,]);

if (Acceptable(error) || RecursionLimit(i,Jj))
link (1i,3);

else
1f (PreferredSubdivision(i,]) == 1)

ProjectKernel (LeftChild(i), Jj);

ProjectKernel (RightChild (i), 3J);
else

ProjectKernel (i, LeftChild(3j));

ProjectKernel (i, RightChild(3j)).

Oracle: felet pa interaktionen (rimligheten i paverkan)
Acceptable(error): accepterar felet eller ej => lank
RecursionLimit(i,j): resursbegransning => lank

PreferredSubdivision: avgor element att dela.

Element: Yta
Link: Interaktion mellan tva ytor(element)




Modified algorithm

® Modified subdivision

® RecursionlLimit = false for arbitrary pairs of
elements

® QOracle function:

max (4y, A,)

Andrad delning => <dubbelt med lankar
Ax/Ay: Storleken pa elementen
rxy: avstand mellan mittpunkterna




Complexity analysis

Hanrahan et al. showed that

N = 0(ge™)

L= 0N

N: Antalet element
L: Antalet lankar
g: Beror pa initialgeometrin av scenen




N = 60(ge™)
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d: avstandet mellan ytorna.
I: langden pa ursprungselementet
Aleaf: storleken pa loven




_ —1
L= 0(Ne 1)
T'max — Tmin <D < Tmax + Tmin
'max — T"min = A(E_l + 0)
Tmax + Tmin = A(3e™1 + 8)
AB(eH) =D = A6(e™YH)

D

L=0 (NZ) — 9(Ne~1)

min

rmax-rmin har samma O som rmax+rmin => D ocksa far det O
Antalet lankar L ar (D/A)*N alltsa antalet grannar ganger antalet noder/element




Hanrahan Vs. Garmann
L=6(Ne™ 1

Hanrahan et al. assumed a Garmann et al. assumed a

constant error threshold variable error threshold
-1
s+ = 6(N)>
L = 0(N) 2( )
L=606(N*)

Garmanns metod ar mer realistisk




