Ray Tracing

Monte Carlo Integration
& Sampling




Path notation

L - light

E - ge
D - diffuse
S - specular

LE
LDE
LSE

LDE + LSE
L(S+D)E
LDS*E
L(S+D)S*E
L[S,DJ*E




Rendering Equation

Bi-Directional Rel3ectance Function (BDRI
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Basic Statistics

¥ Continuous random variable

¥ Probability density function

¥ Expected value Eff 0ol= _f ()p0du
¥ Variance var(X) = E([X ! ECOP) = E(X?)! [E(X)]

¥ Standadl deviation ISR EECOINHEI




Integrate ly Monte
Carlo Sampling

Monte Carlo techniques
- random samplingrhen
function Is not angtic

Estimate of expected value

gicis
E(x)! — Xi
A )

More samples
reduce variance




non-unibrm Non-unidbrm
sampling distributions




Law of Diminishing Return:

1 nN
ECO) = FO0pOOd ! - T0x)
X! i=1

Eror similar to standadl deviation

standad deviation pioportional to

Have to quadruple samples to halermor




Importance Sampling=p

Choosing a sampling distribution that is siimilar inpgha
to the integrandreduces variance

low probability high pobability

-




Sum ofVariancesStratiPed Samplin

°

Stratibcation neéer Increases variance




Quasi-Monte Carlo Integratiot

1
f (x)dx !
0

For set of random points x X2, ...,Xn

Approximation still works for
non-random points ¥y, ...,¥n

(but mgy have aliasing)




Multidimensional-Monte Carlc
Integration




PathTracing

Trace rgy from eye through
environment until it hits light




Photon m@ping

Trace rg/ from light,depositing
light (photons) on each surface
it hits




Bi-Directional PatAracing

Trace rgy from light,depositing

light (photons) on each surface

It hits,then trace rgs from eye
through ewironment







Form Factor

g(Xq1, X2)cos! ;cos! ,dA1dA 5
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g(X1,X2)cos! 1cos! ,

X1 # Xo"2




WeightedAverages

| = | w(x)f (x)du
S

(i) = 'Sw(p)L(p)dA




WeightedAverages

MR CORBINCONE R
P(Xk, Yk)

L1 (x, #1)cossa#!

iIncoming! !




WeightedAverages

. 2| . '?
S =5 (¢) | %L(#, $) cos#sin#d#d$

=0 #=0

L(x) = Ta(X)L(x,")

o] LR i |
| = f (X,y)dxdy

0




Generating non-urokm
samples fsm a unibrm random
variable




StratiPed Sampling

Never Increases variance




