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Point-Based Rendering

e Performance of graphics card
has increased tremendously

e Points are available as input
data

e Want to go beyound flat poly-
gons

e Rendering options
— Local illumination models ... (surfels?)
— Ray-tracing and photon mapping
— Diffuse global illumination (this talk)

e Method works for traditional patch models too
Copyright ©2005 Sharat Chandran Jan 9~11
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So what'’s the Problem?

e Lots of points make the problem “intractable.”
— 1GB RAM = 210210210 phytes
—n?=2%-n=3X
— In reality, we may desire a larger number

e Space is a constraint

e If solution involves inverting a matrix O(n®) time, that's also a con-
straint

e What if we could solve the problem in O(n) space and O(n) time?
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Global Illumination In a Hurry

e Radiosity produces photorealistic pic-
tures that can handle non specular
scenes
— Enables color bleeding effects

— View independent representation

e Starting point is the general energy balance equation for the radi-
ance

L(X, 60, ¢0) = Le(X; 60, Po) + Jq Pod(X; 60, Po, 8, 9)Li(X, 8,9) cos6 dw

e Point-based rendering is in some sense easier
e For diffuse surfaces, radiosity is a popular quantity to compute

e In the sequel we assume occlusion is handled separately
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Introduction to FMM

Suppose we have a collection of N points in 2D x; {i=1,2,...N} and
we want to evaluate

f(Xj)Z_ZIOG(XJ'—XO2 j=1,...,N

Each evaluation requires O(N). Since there are N evaluations,
straightforward method takes time O(N?)

for j =1 to N
for i =1 to N
sum[j] += alpha[i] = (x[j]-x[i]) = (x[j]-x[i])

Can we do better?
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A Faster Solution: This is Not FMM

Expand f as

N
f(Xj) = Zl(OtiXJ2 -+ OCiX,-Z — 2(XinXi)

(3 (o) (3o

Precompute (in O(N) time)
B= (ZF‘M) and y = (ZiNlaiXi2> and 6 = (Zg\llaixi>

Then each evaluation is f(xj) = X2 +y— 2x;6 and we have the O(N)
code

fori=1to N B += alphali;

fori=1to N y+=alphal[i] * x[i] * X[i];
fori=1to N ¢ += alphali] * x]i];

for j = 1 to N sum[j] = X[jI*X[]*B + 7 - 2*x[j]*6
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A Faster Solution: This is Not FMM

Key point : f(X;) is written as a sum of products using analytical
manipulations

N 3

f(x) = -ZglaiAk(Xj)Bk(Xi)

= kiAk(Xj) (.i 0 Bk(Xi))

precomputed

Ar(X) =x% A(X) =1 Ag(X)=2x

Bi(X) =1 By(X) =x% Bs(X) =X

Effect of the data point is independent of where it is going to be used
(in management, work done is “people independent”).
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