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Announcements

Assignment 7: R ing due tonight

Assignment 8: RLdiosity [hd Im[Lge
Processing due Thursdly MLy 1

No L[ie DLys on Assignment 8!
Questions [[bout Assignment 77
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Advimced Glob[l Illumin
Overview

1 Monte Clle Integrion Methods
1 Pih Trlding
1 Bidirection[l' Pth Trlding

| Metropolis Light Trlmsport
. Photon MLpping




Globl THumin

1| The story so f
Loc Il illumini
RLY trliding
RLdiosity:
Two-p[L3s methods

1 Whii's wrong?
Efficiency issues
Incomplete models
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A m[hemdicdlmodel for glob
llumintion

1 KOiy[Cs rendering equltion

Stlfles necessliy conditions for equilibrium of
light trCmsport

D [ L]
L (c,w) L (x,w)[IL (x,w)

] ] [ O .00 .0
L (e,w) DL (e, w) [ f, (e, W, W)L (x, W )(W n)dw

[]

. How clth we solve this integr
Cmnot be done [o[dyticlly
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BLdckground: Monte ClLilo Integrliion

1 Estimliie [de[[Junder the curve (integr
using| s/upl/es of the function being
integrlied

- Number of slinples is inversely rellied to
the stlmd[dd deviliion of estim[ilion error

Used often when integrlls hle no
mytic[1 solution
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S[npling schemes

At whli points do we slmple?

Sever[lschemes
Rmdom sLmpling

Importlnce slinpling
Pick more simples in pliits where the function is
|[ge
Striified slinpling
Divide dom[ih into strdi[]
One slinple in eldh stridium
Good for smooth functions
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Solving the rendering equliiion

Monte CLilo globilluminiion uses Monte
Clilo slmpling to estim[ile [Isolution to the
rendering equiLiion
PLiih triding
Bidirectionl pLih trLdi
Metropolis Light Tr
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Advimced Glob[l Illumin
Overview

1 Monte Clilo Integr[dion Methods
1 PR Triltding
1 Bidirection[l' Pth Trlding

| Metropolis Light Trlmsport
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Heckbert’s Light Tr

[ llight source

diffuse reflection
E — the eye

Regullld expressions for combin i

E.g. L(S|D)+DE

[ msport Not

[ Ispecul [d reflection

6/2/2003 15-462 Spring 2003 :: SrirCm VLidhy[n(thih




© Simultes
possible light pLihs
(S|D)*E

. Requires [ll[xge
number of slinples
per pixel to remove
noise

400 pLihs/pixel
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Plih Triding - [gorithm

. Stldt [1 eye

1 Build [Cp

ih by, [ e[.dh bounce, slLmpling

direction

icording to some distribution

Suggestions?

h point on the plih, clst CIshldow

hd

Id direct lighting contribution

il point
tiple p

iihs per pixel

Aver[ge contributions to get intensity

6/2/2003
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Picking new pLiih directions

Importlimnce sLmpling
Using BRDE
Strliified sLmpling

Bre[K possible directions into sub-regions,
cLst one s[Lmple per sub-region

Problems with plih trlding
Too mLmy plihs/pixel required!
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1 Pih Trlding
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Bidirectiondl PLih Trlding

Build [Cpldih by woerking from the eye [hd the light [nd join
in the middle

Don't just look [iover[dl pldih, ko weigh contributions
from [l sub-p[dihs

Pixel x,
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Bidirectionlip[th trLcing — the
Igorithm

Render imlge using bidrection [l pLih trlding
for elldh pixel [omd s[nple
triide_p[ihs(pixel position)

triide_pl[dhs(pixel position)
triide rly through pixel — generldie eye plih

triide photon from light — generldie light plih
combine(eye plh, light pLih)

combine(eye pldh, light plih)
for elldh vertex on eye plih
for elidh vertex on light plih
iff vertices mutultly visible
compute weight for this pldh
[[did in the contribution to the corresponding pixel
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Bidirectionlip[iih trlding vs. pli

Bidirection[dl pLiih trLding
Fewer slinples per pixel
Better for certlih effects, e.g. cluistics
fih triding
Better when light sources diest to re
from the eye
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Advimced Glob[l Illumin
Overview

1 Monte Clilo Integr[dion Methods
1 Pih Trlding
1 Bidirection[l' Pth Trlding

1 Metropolis; Light Trlitmsport
. Photon MLpping




Metropolis Light Tr

~ Veldh [hd Guibls, 1997

- Simil[d concept
Metropolis simpling
[gorithm, 1953

. Mutlie pl[ihs
Accept mutlied plih with
some problility

1 Implement[iion builds

chd[Ldter!

Velch & Guib[s
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MLT [gorithm

x=Initill_pEh();
zero_out_imlge();
forii= 1 ton
y=mutlie(x);
[&=[acept_prob(y]|x)
if(rthdom()<0)
thenx =y
record_slmple(imLde,x)
return imLge;
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Exotic MLT Str

MutLtiion

Bidirection

mut

fiion

S[nple splde explor[iion

Lens subp

iih mutdion

Slinple stridific[fion over imlge pllhe

LLens perturb

6/2/2003

fions
R[He convergence phenomen

Clistic perturb

fions
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MLT - Advintlges

Ih splLde explored locldly
Wor mutions thl mLEe sm

[Wer[ge cost per sLmple

picdly one or two rlLys
ihs neld importmt ones smpled
Expense [inortized

3y extension off mutliion set
Exploit coherence
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_ding| vs. MLLT

Vel th & Guib[s

6/2/2003 15-462 Spring 2003 :: SrirCm VLidhy[n(thih




MLT vs. Bidirection

Bidirectional path tracing

Velch & Guib[s
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Monte Clilo pro’s [md con’s

Pro’s
Simulltie [ globillumindion effects
Arbitr[iy geometry.
Low memory consumption
Con's
Noise
MLy be inefficient for complex lighting scenes
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fi

[

RussI

Noise elimin[tion

Jvious method

Ice reduction technigues
Import

Key idelld dump [ problem inform
selecting slLmpling technigue

[

]

Import
distribution function

6/2/2003

mce/strliified sLipling!

Roulette

[ce s[mpling using prob

fion Into
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Questions?
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Advimced Glob[l Illumin
Overview

1 Monte Clilo Integr[dion Methods
1 Pih Trlding
1 Bidirection[l' Pth Trlding

| Metropolis Light Trlmsport
1 Photon MiCpping




Photon M

RKEMDERED USIMGE DALI - HERMRIE LWARH JEMNSEM 2000

Henrik Jensen
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Photon MLpping: The concept

Motiviiion
Wt to simulliie [ globlilluminiion effects
on complex surfl.des with [rdbitr[hy BRDF's

As plihlessly [3 possible

Problems with Monte-Clilo techniques

Noise
Very costly to elimine!
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First p

Two-plss [Igorithm

[8s: photon trlding

Fire photons from light sources into the scene
Build photon m[Lp ddCIstructure

Second plss: rendering

The first plss is view-independent!

6/2/2003

15-462 Spring 2003 :: Srir'm Vidhy nithin



Photon tr

Fire photons from light
sources

Contr[st with rLy

trilaing
RIys gliiher ridli
Photons proplLg

CS 517, Cornell U.
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Firing photons from light sources

Different kinds of light sources
Diffuse point light
Sphericll light
Squlte light
Directionl light
Complex light

Emit more photons from bright lights th
dim ones to even-out power
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Wh

illg)

[

The next step

PENS once your photon hits

something in the scene?
Reflection

Tr

[

ISMISSION

Absorption

6/2/2003
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Speculld Reflection

Photon hits [Cimirror surfla
Reflect just like Cirly

Power of reflected photon sc
reflectivity of mirror surflae
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Diffuse Reflection

Photon hits [Cidiffuse surf

Store in photon mLp!
Reflect the photon
How?

Power sclled by diffuse reflect
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Arbitrdy BRDF Reflection

Compute the new photon direction by
importlmce slmpling the BRDF!

SC

power using BRDF

tieri

1d reflectivity of




Photon m

Reguirements

1 d

For rldilCmce estimiies

Ide[s?

Solution
kd-trees!

structure

FLSt lookup of neighboring photons
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Kd-trees — quick review

Sort of like BSP trees

Anyone?
Multidimension [l binly selrch tree
Elldh node plititions one dimension

O(k + log n) Werlge for k neldest
neighbors with n photons in the kd-tree
Another solution

Voronoi dilgrlms
O(k log n), but O(n*2) in splde
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Second plss: rendering

RLY tride [3 norm

But when -y hits Cldiffuse surflde

We need to consult the photon mLp to compute
the rldilmce of this surflde
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RIdliI[mce Estim

When [y hits
diffuse surflCde,
Derform density
pproximliion to
get ridilhce

Use kd-tree

CS 517, Cornell U.
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6/2/2003

o

_ce estimlile pseudocode

rCdiCmce_estim[lie(x,w,n)
loc[die k neltdest photons
r = dist[mce to the kth neldest photon
flux = 0
for elldh photon p
pd = photon direction
power = photon power
Oflux += fr(x,w,pd) * power
Lr = [flux / 2*r*r*pi
return Lr
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Direct Visu

Kyvon FL[t[hdiCh [Chd Jon(thCh Hui
10,000 photons fired 50,000 photons fired
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Direct Visu

Kyvon F[t[h{diCh [hd Jonth(Ch Hui
100,000 photons fired 500,000 photons fired
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Photon mLpping effects

. Cldstics
Focused light

| Diffuse inter-reflections
Color bleeding

. PLiticip[iing medi
Clouds, smoke, fog

Henrik Jensen, Jos StLim, Ron Fedkiw
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HEMRIK WAMNHM JEHZEM 1235

Henrik Jensen
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Luistics - 1

HERETHIGWERT JEHZEN 1238

Henrik Jensen
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Form[tion of ¢

1 LS+DE plihs

6/2/2003

One or more specul
hits ending on diffuse

MLY not be extremely
importlnt in scene

15-462 Spring 2003 :

)~
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http://och.phpwebhosting.com/t[thyonic.htm
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fiion of clustics - I1

http://och.phpwebhosting.com/t[thyonic.htm
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Multiple photon mips

or efficiency, it is usullly good to mii
| sSeplliie photon mLp for plihs thii
to cluistics

CLuistic photon mLy
Also m[ht[ih Cglobdl photon mi
o) ilgls

Pick the right photon mij during r
estimilion
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PLiticip[iing medi

Dust, [Lir, clouds, fog, smoke
Do photon interdtions occur only
surflCaes?
Only in viauum!
Solution

Use volume photon mLp to store photon
sclitering/[bsorption with medium

How do we get the rldi[mce estim[ie?
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Optimiz[ion strliiegies - I

Irrdillmce clching
Speedup for computing indirect illumin i

Visullllmportimce

s

importons” from observer to determine
import[mt regions of the scene

Efficient Strific[iion of Photons
Qulsi-Monte ClLidlo methods
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Optimiz[iion strliiegies - II

st Shitdows with Shitdiow Photons

Precomputed IrridilChce

Extend photon dii[Istructure to include
IrrCdilhce

needup of [CIf[Cdtor of six in some clses

lel Number-Crunching
gy to pLillelize
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Extensions to photon m

Time dependent photon mLpping
Motion blur while [Woiding stroblng

Mike CCmm[¥[ho, Henrik Jensen
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Reldlworld photon m

GLihing wide
dceptlmce [ha
popul [Hity!
High-end! rendering
softwlie pldkl[des
DI, 3D Studio M 5

Glines, movies

KilCwel[] SqulieUSA

Finl FCmtEsy, M[irix
prequels
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The Light of Mies v
Rendered using D

C

6/2/2003

Movies

stic effec

S With rot

fing gl
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Questions?
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Announcements

Assignment 7: R ing due tonight

Assignment 8: RLdiosity [nd Imlge
Processing out; due Thursdy MIS? 1

No L[ie DLys on Assignment 8!
Questions [[bout Assignment 77
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Resources

1| References
Re[distic ImLge Synthesis Using Photon

3D Computer Grlphics, Allm W

MLpping, Henrik WLmn Jensen

fiC

1 Internet Resources
hitp: //www.d [imni. . dk/~I Gl lysr

pport/photon

mipping.

html

hittp://oc

1.plpwebhosting.comy/t

nyonic.htm

http://ar

dhics.ucsd.edu/~henrik/
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