
6/2/2003 15-462 Spring 2003 :: Srir@m V@idhy@n@th@n 1

Adv@nced Glob@l Illumin@tionAdv@nced Glob@l Illumin@tion

15-462 Computer Gr@phics

April 24, 2003
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AnnouncementsAnnouncements

!!Assignment 7: R@y Tr@cing due tonightAssignment 7: R@y Tr@cing due tonight
!!Assignment 8: R@diosity @nd Im@ge Assignment 8: R@diosity @nd Im@ge 

Processing due Thursd@y M@y 1Processing due Thursd@y M@y 1
!!No L@te D@ys on Assignment 8! No L@te D@ys on Assignment 8! 
!!Questions @bout Assignment 7?Questions @bout Assignment 7?
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Adv@nced Glob@l Illumin@tion Adv@nced Glob@l Illumin@tion --
OverviewOverview

!!Monte C@rlo Integr@tion MethodsMonte C@rlo Integr@tion Methods
!!P@th Tr@cingP@th Tr@cing
!!Bidirection@l P@th Tr@cingBidirection@l P@th Tr@cing
!!Metropolis Light Tr@nsportMetropolis Light Tr@nsport
!!Photon M@ppingPhoton M@pping
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Glob@l Illumin@tionGlob@l Illumin@tion

!!The story so f@rThe story so f@r
!! Loc@l illumin@tionLoc@l illumin@tion
!! R@y tr@cingR@y tr@cing
!! R@diosityR@diosity
!! TwoTwo--p@ss methodsp@ss methods

!!Wh@tWh@t’’s wrong?s wrong?
!! Efficiency issuesEfficiency issues
!! Incomplete modelsIncomplete models
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A m@them@tic@l model for glob@l A m@them@tic@l model for glob@l 
illumin@tionillumin@tion

!!K@jiy@K@jiy@’’s rendering equ@tions rendering equ@tion
!! St@tes necess@ry conditions for equilibrium of St@tes necess@ry conditions for equilibrium of 

light tr@nsportlight tr@nsport

!!How c@n we solve this integr@l?How c@n we solve this integr@l?
!! C@nnot be done @n@lytic@llyC@nnot be done @n@lytic@lly
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B@ckground: Monte C@rlo Integr@tionB@ckground: Monte C@rlo Integr@tion

!!Estim@te @re@ under the curve (integr@l) Estim@te @re@ under the curve (integr@l) 
using using s@mpless@mples of the function being of the function being 
integr@tedintegr@ted

!!Number of s@mples is inversely rel@ted to Number of s@mples is inversely rel@ted to 
the st@nd@rd devi@tion of estim@tion errorthe st@nd@rd devi@tion of estim@tion error

!!Used often when integr@ls h@ve no Used often when integr@ls h@ve no 
@n@lytic@l solution@n@lytic@l solution
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S@mpling schemesS@mpling schemes

!!At wh@t points do we s@mple?At wh@t points do we s@mple?
!!Sever@l schemesSever@l schemes

!! R@ndom s@mplingR@ndom s@mpling
!! Import@nce s@mplingImport@nce s@mpling

!!Pick more s@mples in p@rts where the function is Pick more s@mples in p@rts where the function is 
l@rgel@rge

!! Str@tified s@mplingStr@tified s@mpling
!!Divide dom@in into str@t@Divide dom@in into str@t@
!!One s@mple in e@ch str@tumOne s@mple in e@ch str@tum
!!Good for smooth functionsGood for smooth functions
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Solving the rendering equ@tionSolving the rendering equ@tion

!!Monte C@rlo glob@l illumin@tion uses Monte Monte C@rlo glob@l illumin@tion uses Monte 
C@rlo s@mpling to estim@te @ solution to the C@rlo s@mpling to estim@te @ solution to the 
rendering equ@tionrendering equ@tion
!! P@th tr@cingP@th tr@cing
!! Bidirection@l p@th tr@cingBidirection@l p@th tr@cing
!! Metropolis Light Tr@nsportMetropolis Light Tr@nsport
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Adv@nced Glob@l Illumin@tion Adv@nced Glob@l Illumin@tion --
OverviewOverview

!!Monte C@rlo Integr@tion MethodsMonte C@rlo Integr@tion Methods
!!P@th Tr@cingP@th Tr@cing
!!Bidirection@l P@th Tr@cingBidirection@l P@th Tr@cing
!!Metropolis Light Tr@nsportMetropolis Light Tr@nsport
!!Photon M@ppingPhoton M@pping
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HeckbertHeckbert’’s Light Tr@nsport Not@tions Light Tr@nsport Not@tion

!!L L –– @ light source@ light source
!!S S –– @ specul@r reflection@ specul@r reflection
!!D D –– @ diffuse reflection@ diffuse reflection
!!E E –– the eyethe eye
!!Regul@r expressions for combin@tionsRegul@r expressions for combin@tions

!! E.g. L(S|D)+DEE.g. L(S|D)+DE
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P@th Tr@cingP@th Tr@cing

!!Simul@tes @ll Simul@tes @ll 
possible light p@ths possible light p@ths 
L(S|D)*EL(S|D)*E

!!Requires @ l@rge Requires @ l@rge 
number of s@mples number of s@mples 
per pixel to remove per pixel to remove 
noisenoise
!! 400 p@ths/pixel400 p@ths/pixel
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P@th Tr@cing P@th Tr@cing -- @lgorithm@lgorithm

!!St@rt @t eyeSt@rt @t eye
!!Build @ p@th by, @t e@ch bounce, s@mpling @ Build @ p@th by, @t e@ch bounce, s@mpling @ 

direction @ccording to some distributiondirection @ccording to some distribution
!! Suggestions? Suggestions? 

!!At e@ch point on the p@th, c@st @ sh@dow At e@ch point on the p@th, c@st @ sh@dow 
r@y @nd @dd direct lighting contribution @t r@y @nd @dd direct lighting contribution @t 
th@t pointth@t point

!!Multiple p@ths per pixelMultiple p@ths per pixel
!! Aver@ge contributions to get intensityAver@ge contributions to get intensity
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Picking new p@th directionsPicking new p@th directions

!!Import@nce s@mplingImport@nce s@mpling
!! Using BRDFUsing BRDF

!!Str@tified s@mplingStr@tified s@mpling
!! Bre@k possible directions into subBre@k possible directions into sub--regions, @nd regions, @nd 

c@st one s@mple per subc@st one s@mple per sub--regionregion

!!Problems with p@th tr@cingProblems with p@th tr@cing
!! Too m@ny p@ths/pixel required!Too m@ny p@ths/pixel required!
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Adv@nced Glob@l Illumin@tion Adv@nced Glob@l Illumin@tion --
OverviewOverview

!!Monte C@rlo Integr@tion MethodsMonte C@rlo Integr@tion Methods
!!P@th Tr@cingP@th Tr@cing
!!Bidirection@l P@th Tr@cingBidirection@l P@th Tr@cing
!!Metropolis Light Tr@nsportMetropolis Light Tr@nsport
!!Photon M@ppingPhoton M@pping
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Bidirection@l P@th Tr@cingBidirection@l P@th Tr@cing
!! Build @ p@th by working from the eye @nd the light @nd join Build @ p@th by working from the eye @nd the light @nd join 

in the middlein the middle
!! DonDon’’t just look @t over@ll p@th, @lso weigh contributions t just look @t over@ll p@th, @lso weigh contributions 

from @ll subfrom @ll sub--p@thsp@ths

Pixel x0

x1
x3

x4 Light
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Bidirection@l p@th tr@cing Bidirection@l p@th tr@cing –– the the 
@lgorithm@lgorithm

Render im@ge using bidrection@l p@th tr@cingRender im@ge using bidrection@l p@th tr@cing
for e@ch pixel @nd s@mplefor e@ch pixel @nd s@mple

tr@ce_p@ths(pixel position)tr@ce_p@ths(pixel position)

tr@ce_p@ths(pixel position)tr@ce_p@ths(pixel position)
tr@ce r@y through pixel tr@ce r@y through pixel –– gener@te eye p@thgener@te eye p@th
tr@ce photon from light tr@ce photon from light –– gener@te light p@thgener@te light p@th
combine(eye p@th, light p@th)combine(eye p@th, light p@th)

combine(eye p@th, light p@th)combine(eye p@th, light p@th)
for e@ch vertex on eye p@thfor e@ch vertex on eye p@th

for e@ch vertex on light p@thfor e@ch vertex on light p@th
if vertices mutu@lly visibleif vertices mutu@lly visible

compute weight for this p@thcompute weight for this p@th
@dd in the contribution to the corresponding pixel@dd in the contribution to the corresponding pixel
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Bidirection@l p@th tr@cing vs. p@th tr@cingBidirection@l p@th tr@cing vs. p@th tr@cing

!!Bidirection@l p@th tr@cingBidirection@l p@th tr@cing
!! Fewer s@mples per pixelFewer s@mples per pixel
!! Better for cert@in effects, e.g. c@usticsBetter for cert@in effects, e.g. c@ustics

!!P@th tr@cingP@th tr@cing
!! Better when light sources @re e@siest to re@ch Better when light sources @re e@siest to re@ch 

from the eyefrom the eye
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Adv@nced Glob@l Illumin@tion Adv@nced Glob@l Illumin@tion --
OverviewOverview

!!Monte C@rlo Integr@tion MethodsMonte C@rlo Integr@tion Methods
!!P@th Tr@cingP@th Tr@cing
!!Bidirection@l P@th Tr@cingBidirection@l P@th Tr@cing
!!Metropolis Light Tr@nsportMetropolis Light Tr@nsport
!!Photon M@ppingPhoton M@pping
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Metropolis Light Tr@nsportMetropolis Light Tr@nsport

!! Ve@ch @nd Guib@s, 1997Ve@ch @nd Guib@s, 1997
!! Simil@r conceptSimil@r concept

!! Metropolis s@mpling Metropolis s@mpling 
@lgorithm, 1953@lgorithm, 1953

!!Mut@te p@thsMut@te p@ths
!! Accept mut@ted p@th with Accept mut@ted p@th with 

some prob@bilitysome prob@bility

!! Implement@tion builds Implement@tion builds 
ch@r@cter!ch@r@cter!

Ve@ch & Guib@s
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MLT @lgorithmMLT @lgorithm

x=initi@l_p@th();x=initi@l_p@th();
zero_out_im@ge();zero_out_im@ge();
for i= 1 to nfor i= 1 to n

y=mut@te(x);y=mut@te(x);
@=@ccept_prob(y|x)@=@ccept_prob(y|x)
if(r@ndom()<@)if(r@ndom()<@)

then x = ythen x = y
record_s@mple(im@ge,x)record_s@mple(im@ge,x)

return im@ge;return im@ge;
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Exotic MLT Str@tegiesExotic MLT Str@tegies

!!Mut@tionMut@tion
!! Bidirection@l mut@tionBidirection@l mut@tion

!!S@mple sp@ce explor@tionS@mple sp@ce explor@tion

!! Lens subp@th mut@tionLens subp@th mut@tion
!!S@mple str@tific@tion over im@ge pl@neS@mple str@tific@tion over im@ge pl@ne

!!Lens perturb@tionsLens perturb@tions
!! R@re convergence phenomen@R@re convergence phenomen@

!!C@ustic perturb@tionsC@ustic perturb@tions
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MLT MLT -- Adv@nt@gesAdv@nt@ges

!!P@th sp@ce explored loc@llyP@th sp@ce explored loc@lly
!! F@vor mut@tions th@t m@ke sm@ll ch@ngesF@vor mut@tions th@t m@ke sm@ll ch@nges

!!Sm@ll @ver@ge cost per s@mpleSm@ll @ver@ge cost per s@mple
!! Typic@lly one or two r@ysTypic@lly one or two r@ys

!!P@ths ne@r import@nt ones s@mpled @s wellP@ths ne@r import@nt ones s@mpled @s well
!! Expense @mortizedExpense @mortized

!!E@sy extension of mut@tion setE@sy extension of mut@tion set
!! Exploit coherenceExploit coherence
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P@th Tr@cing vs. MLTP@th Tr@cing vs. MLT

Ve@ch & Guib@s
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MLT vs. Bidirection@l P@th Tr@cingMLT vs. Bidirection@l P@th Tr@cing

Ve@ch & Guib@s
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Monte C@rlo proMonte C@rlo pro’’s @nd cons @nd con’’ss

!!ProPro’’ss
!! Simul@te @ll glob@l illumin@tion effectsSimul@te @ll glob@l illumin@tion effects
!! Arbitr@ry geometryArbitr@ry geometry
!! Low memory consumptionLow memory consumption

!!ConCon’’ss
!! NoiseNoise
!! M@y be inefficient for complex lighting scenesM@y be inefficient for complex lighting scenes
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Noise elimin@tionNoise elimin@tion

!!Obvious methodObvious method
!!V@ri@nce reduction techniquesV@ri@nce reduction techniques

!! Import@nce/str@tified s@mpling!Import@nce/str@tified s@mpling!
!! Key ide@: dump @ll problem inform@tion into Key ide@: dump @ll problem inform@tion into 

selecting s@mpling techniqueselecting s@mpling technique
!!Russi@n RouletteRussi@n Roulette

!! Import@nce s@mpling using prob@bility Import@nce s@mpling using prob@bility 
distribution functiondistribution function
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Questions?Questions?

?
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Adv@nced Glob@l Illumin@tion Adv@nced Glob@l Illumin@tion --
OverviewOverview

!!Monte C@rlo Integr@tion MethodsMonte C@rlo Integr@tion Methods
!!P@th Tr@cingP@th Tr@cing
!!Bidirection@l P@th Tr@cingBidirection@l P@th Tr@cing
!!Metropolis Light Tr@nsportMetropolis Light Tr@nsport
!!Photon M@ppingPhoton M@pping
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Photon M@ppingPhoton M@pping

Henrik Jensen
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Photon M@pping: The conceptPhoton M@pping: The concept

!!Motiv@tionMotiv@tion
!! W@nt to simul@te @ll glob@l illumin@tion effects W@nt to simul@te @ll glob@l illumin@tion effects 

on complex surf@ces with @rbitr@ry BRDFon complex surf@ces with @rbitr@ry BRDF’’ss
!! As p@inlessly @s possibleAs p@inlessly @s possible

!!Problems with MonteProblems with Monte--C@rlo techniquesC@rlo techniques
!! NoiseNoise

!!Very costly to elimin@te!Very costly to elimin@te!
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TwoTwo--p@ss @lgorithmp@ss @lgorithm

!!First p@ss: photon tr@cingFirst p@ss: photon tr@cing
!! Fire photons from light sources into the sceneFire photons from light sources into the scene
!! Build photon m@p d@t@ structureBuild photon m@p d@t@ structure

!!Second p@ss: renderingSecond p@ss: rendering

!!The first p@ss is viewThe first p@ss is view--independent!independent!
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Photon tr@cingPhoton tr@cing

!!Fire photons from light Fire photons from light 
sourcessources

!!Contr@st with r@y Contr@st with r@y 
tr@cingtr@cing
!! R@ys g@ther r@di@nceR@ys g@ther r@di@nce
!! Photons prop@g@te fluxPhotons prop@g@te flux

CS 517, Cornell U. 
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Firing photons from light sourcesFiring photons from light sources

!!Different kinds of light sourcesDifferent kinds of light sources
!! Diffuse point lightDiffuse point light
!! Spheric@l lightSpheric@l light
!! Squ@re lightSqu@re light
!! Direction@l lightDirection@l light
!! Complex lightComplex light

!!Emit more photons from bright lights th@n Emit more photons from bright lights th@n 
dim ones to evendim ones to even--out powerout power
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The next stepThe next step

!!Wh@t h@ppens once your photon hits Wh@t h@ppens once your photon hits 
something in the scene?something in the scene?
!! ReflectionReflection
!! Tr@nsmissionTr@nsmission
!! AbsorptionAbsorption



6/2/2003 15-462 Spring 2003 :: Srir@m V@idhy@n@th@n 35

Specul@r ReflectionSpecul@r Reflection

!!Photon hits @ mirror surf@cePhoton hits @ mirror surf@ce
!! Reflect just like @ r@yReflect just like @ r@y

!!Power of reflected photon sc@led by Power of reflected photon sc@led by 
reflectivity of mirror surf@cereflectivity of mirror surf@ce
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Diffuse ReflectionDiffuse Reflection

!!Photon hits @ diffuse surf@cePhoton hits @ diffuse surf@ce
!! Store in photon m@p!Store in photon m@p!
!! Reflect the photonReflect the photon

!!How?How?

!!Power sc@led by diffuse reflect@ncePower sc@led by diffuse reflect@nce
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Arbitr@ry BRDF ReflectionArbitr@ry BRDF Reflection

!!Compute the new photon direction by Compute the new photon direction by 
import@nce s@mpling the BRDF!import@nce s@mpling the BRDF!

!!Sc@le power using BRDF @nd reflectivity of Sc@le power using BRDF @nd reflectivity of 
m@teri@lm@teri@l
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Photon m@p d@t@ structurePhoton m@p d@t@ structure

!!RequirementsRequirements
!! F@st lookup of neighboring photonsF@st lookup of neighboring photons

!!For r@di@nce estim@tesFor r@di@nce estim@tes

!!Ide@s?Ide@s?
!!SolutionSolution

!! kdkd--trees!trees!
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KdKd--trees trees –– quick reviewquick review

!!Sort of like BSP treesSort of like BSP trees
!! Anyone?Anyone?

!!Multidimension@l bin@ry se@rch treeMultidimension@l bin@ry se@rch tree
!! E@ch node p@rtitions one dimensionE@ch node p@rtitions one dimension

!!O(k + log n) @ver@ge for k ne@rest O(k + log n) @ver@ge for k ne@rest 
neighbors with n photons in the kdneighbors with n photons in the kd--treetree

!!Another solutionAnother solution
!! Voronoi di@gr@msVoronoi di@gr@ms

!!O(k log n), but O(n^2) in sp@ceO(k log n), but O(n^2) in sp@ce
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Second p@ss: renderingSecond p@ss: rendering

!!R@y tr@ce @s norm@lR@y tr@ce @s norm@l

!!But when @ r@y hits @ diffuse surf@ceBut when @ r@y hits @ diffuse surf@ce
!! We need to consult the photon m@p to compute We need to consult the photon m@p to compute 

the r@di@nce of this surf@cethe r@di@nce of this surf@ce
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R@di@nce Estim@teR@di@nce Estim@te

!!When @ r@y hits @ When @ r@y hits @ 
diffuse surf@ce, diffuse surf@ce, 
perform density perform density 
@pproxim@tion to @pproxim@tion to 
get r@di@nceget r@di@nce
!! Use kdUse kd--treetree

CS 517, Cornell U. 
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R@di@nce estim@te pseudocodeR@di@nce estim@te pseudocode
r@di@nce_estim@te(x,r@di@nce_estim@te(x,ww,,nn))

loc@te k ne@rest photonsloc@te k ne@rest photons
r = dist@nce to the kth ne@rest photonr = dist@nce to the kth ne@rest photon
""flux = 0flux = 0
for e@ch photon pfor e@ch photon p

pdpd = photon direction= photon direction
power = photon powerpower = photon power
""flux += fr(x,flux += fr(x,ww,,pdpd) * power) * power

Lr = Lr = ""flux / 2*r*r*piflux / 2*r*r*pi
return Lrreturn Lr
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Direct Visu@liz@tionDirect Visu@liz@tion

10,000 photons fired 50,000 photons fired

K@yvon F@t@h@li@n @nd Jon@th@n Hui



6/2/2003 15-462 Spring 2003 :: Srir@m V@idhy@n@th@n 44

Direct Visu@liz@tion Direct Visu@liz@tion -- IIII

100,000 photons fired 500,000 photons fired

K@yvon F@t@h@li@n @nd Jon@th@n Hui
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Photon m@pping effectsPhoton m@pping effects

!! C@usticsC@ustics
!! Focused lightFocused light

!! Diffuse interDiffuse inter--reflectionsreflections
!! Color bleedingColor bleeding

!! P@rticip@ting medi@P@rticip@ting medi@
!! Clouds, smoke, fogClouds, smoke, fog

Henrik Jensen, Jos St@m, Ron Fedkiw
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C@ustics C@ustics -- II

Henrik Jensen
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C@ustics C@ustics -- IIII

Henrik Jensen
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Form@tion of c@ustics Form@tion of c@ustics -- II

!! LS+DE p@thsLS+DE p@ths
!! One or more specul@r One or more specul@r 

hits ending on diffusehits ending on diffuse
!! M@y not be extremely M@y not be extremely 

import@nt in sceneimport@nt in scene

http://och.phpwebhosting.com/t@chyonic.htm
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Form@tion of c@ustics Form@tion of c@ustics -- IIII

http://och.phpwebhosting.com/t@chyonic.htm
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Multiple photon m@psMultiple photon m@ps

!!For efficiency, it is usu@lly good to m@int@in For efficiency, it is usu@lly good to m@int@in 
@ sep@r@te photon m@p for p@ths th@t le@d @ sep@r@te photon m@p for p@ths th@t le@d 
to c@usticsto c@ustics
!! C@ustic photon m@pC@ustic photon m@p

!!Also m@int@in @ glob@l photon m@p for @ll Also m@int@in @ glob@l photon m@p for @ll 
p@thsp@ths

!!Pick the right photon m@p during r@di@nce Pick the right photon m@p during r@di@nce 
estim@tionestim@tion



6/2/2003 15-462 Spring 2003 :: Srir@m V@idhy@n@th@n 51

P@rticip@ting medi@P@rticip@ting medi@

!!Dust, @ir, clouds, fog, smokeDust, @ir, clouds, fog, smoke
!!Do photon inter@ctions occur only @t object Do photon inter@ctions occur only @t object 

surf@ces?surf@ces?
!! Only in v@cuum!Only in v@cuum!

!!SolutionSolution
!! Use volume photon m@p to store photon Use volume photon m@p to store photon 

sc@ttering/@bsorption with mediumsc@ttering/@bsorption with medium

!!How do we get the r@di@nce estim@te?How do we get the r@di@nce estim@te?
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Optimiz@tion str@tegies Optimiz@tion str@tegies -- II

!!Irr@di@nce c@chingIrr@di@nce c@ching
!! Speedup for computing indirect illumin@tionSpeedup for computing indirect illumin@tion

!!Visu@l Import@nceVisu@l Import@nce
!! ““importonsimportons”” from observer to determine from observer to determine 

import@nt regions of the sceneimport@nt regions of the scene

!!Efficient Str@tific@tion of PhotonsEfficient Str@tific@tion of Photons
!! Qu@siQu@si--Monte C@rlo methodsMonte C@rlo methods
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Optimiz@tion str@tegies Optimiz@tion str@tegies -- IIII

!!F@st Sh@dows with Sh@dow PhotonsF@st Sh@dows with Sh@dow Photons
!!Precomputed Irr@di@ncePrecomputed Irr@di@nce

!! Extend photon d@t@ structure to include Extend photon d@t@ structure to include 
irr@di@nceirr@di@nce

!! Speedup of @ f@ctor of six in some c@sesSpeedup of @ f@ctor of six in some c@ses

!!P@r@llel NumberP@r@llel Number--CrunchingCrunching
!! E@sy to p@r@llelizeE@sy to p@r@llelize
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Extensions to photon m@ppingExtensions to photon m@pping

!!Time dependent photon m@ppingTime dependent photon m@pping
!! Motion blur while @voiding strobing @rtif@ctsMotion blur while @voiding strobing @rtif@cts

Mike C@mm@r@no, Henrik Jensen



6/2/2003 15-462 Spring 2003 :: Srir@m V@idhy@n@th@n 55

Re@l world photon m@ppingRe@l world photon m@pping

!! G@ining wide G@ining wide 
@ccept@nce @nd @ccept@nce @nd 
popul@rity!popul@rity!

!! HighHigh--end rendering end rendering 
softw@re p@ck@gessoftw@re p@ck@ges
!! D@li, 3D Studio M@x 5D@li, 3D Studio M@x 5

!! G@mes, moviesG@mes, movies
!! Kil@ue@, Squ@reUSAKil@ue@, Squ@reUSA

!!Fin@l F@nt@sy, M@trix Fin@l F@nt@sy, M@trix 
prequelsprequels

Squ@reUSA
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MoviesMovies

!!The Light of Mies v@n der RoheThe Light of Mies v@n der Rohe
!! Rendered using D@liRendered using D@li

!!C@ustic effects with rot@ting gl@ss blockC@ustic effects with rot@ting gl@ss block
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Questions?Questions?

?
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AnnouncementsAnnouncements

!!Assignment 7: R@y Tr@cing due tonightAssignment 7: R@y Tr@cing due tonight
!!Assignment 8: R@diosity @nd Im@ge Assignment 8: R@diosity @nd Im@ge 

Processing out; due Thursd@y M@y 1Processing out; due Thursd@y M@y 1
!!No L@te D@ys on Assignment 8! No L@te D@ys on Assignment 8! 
!!Questions @bout Assignment 7?Questions @bout Assignment 7?
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ResourcesResources

!!ReferencesReferences
!! Re@listic Im@ge Synthesis Using Photon Re@listic Im@ge Synthesis Using Photon 

M@pping, Henrik W@nn JensenM@pping, Henrik W@nn Jensen
!! 3D Computer Gr@phics, Al@n W@tt3D Computer Gr@phics, Al@n W@tt

!!Internet ResourcesInternet Resources
!! http://www.d@imi.@u.dk/~l@i/lysr@pport/photonhttp://www.d@imi.@u.dk/~l@i/lysr@pport/photon

m@pping.htmlm@pping.html
!! http://och.phpwebhosting.com/t@chyonic.htmhttp://och.phpwebhosting.com/t@chyonic.htm
!! http://gr@phics.ucsd.edu/~henrik/http://gr@phics.ucsd.edu/~henrik/


