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“Science, It works ...

(bitches!)’

Quote from Richard Dawkins
http://www.youtube.com/watch?v=n6hxolsC-dU
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http://www.youtube.com/watch?v=n6hxo1sC-dU�

. and so does path tracing! G

Jerome White
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Path Tracing funguje!

Martin Geupel (DeadClown)

PG I (NPGRO10) - J. Kiivanek 2013



Path Tracing funguje!

Chakib Rabia ¢y»
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Light transport — Global illumination

Archviz Movies

Image courtesy of Columbia Pictures.
© 2006 Columbia Pictures Industries, Inc.
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Light transport — Global illumination

Movies

= 2002, Shrek 2
(PDI1/Dreamworks)

o 1 bounce indirect

m 2006, Monster House
(Sony Imageworks)

a Full light transport
(path traced)

o Arnold renderer

Image courtesy of Columbia Pictures.
© 2006 Columbia Pictures Industries, Inc.
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Light transport — Global illumination

Movies

m 2006, Monster House
(Sony Imageworks)

a Full light transport
(path traced)

a Arnold renderer

Image courtesy of Columbia Pictures.
© 2006 Columbia Pictures Industries, Inc.

= Full light transport simulation
o Accuracy
o Ease of use
o Visual consistency

PG I (NPGRO10) - J. Kiivanek 2013



Light transport — Global illumination

. More information

= “The State of Rendering” m

= Full light transport simulation
o Accuracy
o Ease of use
o Visual consistency

PG I (NPGRO10) - J. Kiivanek 2013
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Quasi Monte Carlo Metody




Metody Quasi Monte Carlo (QMC)

= Pouziti striktné deterministickych sekvenci misto
nahodnych cisel

= VSe funguje jako v MC, dikazy se ale nemohou opirat o
teorii pravdépodobnosti (nic neni nahodné)

= Pouzité sekvence cisel s nizkou dikrepanci (low-
discrepancy sequences)

PG I (NPGRO10) - J. Kiivanek 2013
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Diskrepance

0a

0e

04

02p

©
+

+ . " [

# e * .
*

- -

+
®
* £
¥
R
® % . %
&
5 ® "
.
& *
+
®
1 1 L L
0z D4 06 [+1:}

High Discrepancy

(clusters of points)

0e

06

04

0z

First 100 Hakon points of base (2. 3)
T T

L 1 & 1 L e
D2 04 06 oe

Low Discrepancy
(more uniform)

PG I (NPGRO10) - J. Kiivanek 2013

13



Defining discrepancy

= Ss-dimensional “brick” function:

1if0 < z|; <v,0<zlp <va,...,0 <zly <o,
(z) =
0 otherwise.

= True volume of the “brick” function:
V(A4) = H_?zl vj
= MC estimate of the volume of the “brick”:

N

1 , ~m(A)
N Z f(Z!) N \

=1 _
; / number of sample points that
total number of sample points actually fell inside the “brick”

PG I (NPGRO10) - J. Kiivanek 2013 14



Discrepancy

= Discrepancy (of a point sequence) iIs the maximum
possible error of the MC quadrature of the “brick”
function over all possible brick shapes:

D*(ZlaZZa"-zi\’) — f"’Eﬁllp|

m(A)
N

- V()

o serves as a measure of the uniformity of a point set
o must converge to zero as N -> infty
o the lower the better (cf. Koksma-Hlawka Inequality)

PG I (NPGRO10) - J. Kiivanek 2013
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Koksma-Hlawka inequality

= Koksma-Hlawka inequality variation“ of f

/

/

z;) < Vyuk -D"(21,22,...2n)

I} M;

/f ) dz —

o the KH inequality only applies to f with finite variation
o QMC can still be applied even if the variation of f is infinite

PG I (NPGRO10) - J. Kiivanek 2013
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Van der Corput Seguence (base 2)

i | bmary form of¢ | radical inverse | H;

1 1 0.1 0.5

2 10 0.01 0.25
3 11 0.11 0.75
4 100 0.001 0.125
5 101 0.101 0.625
6 110 0.011 0.375
7 111 0.111 0.875

= point placed in the middle of the interval
= then the interval is divided in half

= has low-discrepancy

Table credit: Laszlo Szirmay-Kalos

PG I (NPGRO10) - J. Kiivanek 2013
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Van der Corput Seguence

= b... base, must be relative prime (2,3,5,7,....)

= radical inverse
¢p:Ng — QnJo,1)

j = i a(ip —  bp(i):= i ai(i)b7~!
j=0 j=0

PG I (NPGRO10) - J. Kiivanek 2013
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Van der Corput Sequence (base b)

double Radicallnverse(const int Base, Int 1)

{

double Digit, Radical, Inverse;

Digit = Radical = 1.0 /7 (double) Base;

Inverse = 0.0;

while(i)

{
Inverse += Digit * (double) (1 % Base);
Digit *= Radical;
1 /= Base;

+

return Inverse;

PG I (NPGRO10) - J. Kiivanek 2013
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Radical inversion based points in
higher dimension

Halton sequence X; := (®p, (i)....,Pp (i) where b; is the i-th prime number

Hammersley point set x; := (i-‘bm (1);--- P, (f))

n

i PG III (NPGRO10) - J. Kiivanek 2013 20
Image credit: Alexander Keller )



Pouzité pro path tracing
= Cesty jsou body ve vysokodimenzionalnim prostoru

= Veskera ndhodna ¢isla pouzita pro konstrukei jedné cestu
jsou rizné komponenty jednoho dlouhého ,ndhodného
vektoru®

= Dalsi cesta — dalSi nahodny vektor ve
vysokodimenzionalnim prostoru.

= Pokud nahodné vektory dobre pokryvaji
vysokodimenzionalni prostor, pak cesty dobre pokryvaji
cely prostor cest ve scéné

PG I (NPGRO10) - J. Kfivinek 2013 21



Transformace nahodnych cisel

Halton

Hammersley

. PG III (NPGRO10) - J. Kiivanek 2013
Image credit: Alexander Keller )




Ukazka vysledku pro MC a QMC

Monte Carlo
(230s)

padded
Hammersley
(202s)

. PG III (NPGRO10) - J. Kiivanek 2013
Image credit: Alexander Keller )



Metody Quasi Monte Carlo (QMC)

= Nevyhody QMC:

oV obrazku mohou vzniknout viditelné ,,vzory* (misto Sumu
v MC)

PG I (NPGRO10) - J. Kiivanek 2013
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Stratified sampling

| O et na ixel

PG I (NPGRO10) - J. Kiivanek 2013

Henrik Wann Jensen
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‘ Quasi-Monte Carlo

1etnapixel o

PG I (NPGRO10) - J. Kiivanek 2013

Henrik Wann Jensen
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Fixni nahodna sekvence

10 cest na pixel

PG I (NPGRO10) - J. Kiivanek 2013

Henrik Wann Jensen
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Meérici rovnice




Mérici rovnice

= Zobrazovaci rovnice
o Podminky pro radianci v rovhovazném stavu
o UmozZnuje vypocet radiance v izolovanych bodech

= Ve skute¢nosti nas zajima prumeérna radiance pres pixel:
Integral

= Meérici rovnice (Measurement equation)

PG I (NPGRO10) - J. Kiivanek 2013 29



Méf¥ici rovnice

odezva virtualniho (linearniho) relativni odezva senzoru (vaha)
senzoru na radianci (barva pixelu) rizné W, pro kazdy senzor (pixel)

\

j jvv (x ®)- L (X, ®)-cos 6 dw dA
H ()

pres celou plochu scény a vSechny sméry
(virtualni senzory musi byt soucasti scény,
nenulovy prispévek pouze na ploSe senzoru kvili W.)

PG I (NPGRO10) - J. Kiivanek 2013



Priklad: Zarivy tok pres oblast jako
meérici rovnice V1
L/

= Danaoblast S
ScMxH

(podmnozina povrchu scény a prislusnych smeérii)

= Pro W, definované

W (x, @) 1 pro(x,m)eS
, W) = .
i 0 jinak

je vysledkem mérici rovnice zarivy tok ®(S).

PG I (NPGRO10) - J. Kiivanek 2013 31



Mé¥ici rovnice jako skalarni souéin
funkci

= Definujeme skalarni soucin funkci fa g:

<f,g>:j If(x,w)-g(x, ®)-c0s6 dw dA

M H (x)

= Meérici rovnice

=W, L)

PG I (NPGRO10) - J. Kiivanek 2013
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Propagace radiance a dulezitosti

LTS

L (radiance)

W (dulezitost)

PG I (NPGRO10) - J. Kiivanek 2013




Dulezitost (importance)

= W, popisuje, jak diileZita je prichozi radiance pro odezvu
senzoru

= 1krok do scény: Prichozi radiance na senzoru = odchozi
radiance z bodu scény

= 2,3, .. kroky do scéeny: ...

= W, interpretujeme jako veli¢inu emitovanou ze senzoru
(stejné jako je radiance L, emitovana ze zdroju svétla)

» Takto interpretovanou veli¢inu W, nazyvame
emitovanou funkci dulezitosti
(emitted importance function, emitted potential function)

PG I (NPGRO10) - J. Kiivanek 2013 34



Prenos dulezitosti

= Funkce dilezitosti se prenasi podobné jako radiance a
dosahuje ustaleneho stavu popsaného ustalenou
funkci dulezitosti W:

W(X’a)o) :We(x’a)o)
+ jW(r(x, ®),—a) f (X o, — o) coso dew

H (x) \

Jako zobrazovaci rovnice, s tim rozdilem,
ze argumenty BRDF jsou prehozeny
(pro odraz identické, nikoli vSak pro lom)

PG I (NPGRO10) - J. Kiivanek 2013 35



Dualita dulezitosti a radiance

emitovana

iImportance \ ustalena
- — pf’ic_hozi
|\:<AWe , Lié/ radiance

=(W,, L,)
) , N
ustalena
prichozi emitovana
Importance radiance

PG I (NPGRO10) - J. Kiivanek 2013
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Dualita dulezitosti a radiance

= V dané scéne je pouze jedind emitovana a ustalena
funkce radiance

= Ale kazdy pixel ma jinou emitovanou a ustalenou
funkci dulezitosti

PG I (NPGRO10) - J. Kiivanek 2013

37



Dualita v praxi: Sledovani svétla

= Sledovani cest (path tracing)
o Rekurzivné resi zobrazovaci rovnici

= Sledovani svétla (light tracing)
o Rekurzivné resi rovnici prenosu dulezitosti

o Cesty zacinaji na zdrojich svétla
2 Mohou nahodné zasahnout senzor

o Nebo explicitni napojeni na senzor (jako primé osvétleni v
PT)

o Pozor: argumenty BRDF musi byt obraceny (cestu
sledujeme z druhé strany, BRDF je porad stejné
oprientovana)

PG I (NPGRO10) - J. Kiivanek 2013 38



Sledovani svétla (light tracing) v praxi

Dutre et al. Advanced Global IHlumination

Image

10,000,000 light rays 100,000,000 light rays 39



Sledovani svétla (light tracing) v praxi

AV ]

= Obvykle mensi téinnost nez PT
0 (ale napr. v opt. akt. médiu blizko svétla mnohem lepsi)

= Mnohem Gc¢inné€jsi pro nekteré svételné efekty (kaustiky)

= Zaklad obousmeérnych metod:
o Obousmeérné sledovani cest (bidirectional path tracing, BPT)
o photon mapping, etc.

PG I (NPGRO10) - J. Kiivanek 2013 40



Porovnani algoritmu

_-rr_--- “'__.

Path tracing Light tracing Bidirectional path tracing

Kviz: Proc¢ je sklenéna koule ¢erna?

PG I (NPGRO10) - J. Kiivanek 2013 41



Pokrocilé metody simulace
transportu svétla




Issues in light transport simulation

= Robustness

2 None of the existing algorithms works for all scenes

o Robust estimation

“An estimation technique which iIs insensitive to small
departures from the idealized assumptions which have been
used to optimize the algorithm. Wolfram MathWarld

the web's most extensive mathematics resource

PG I (NPGRO10) - J. Kiivanek 2013 43



Obousmeérné sledovani cest (BPT) vs.
(Jednosmeérné) sledovani cest (PT)

<
o
©
5
>
O
=
LL
@
o)
©
&

BPT, 25 vzorku (cest) na pixel PT, 56 vzorku (cest) na pixel
PG I (NPGRO10) - J. Kiivanek 2013 44




Prenos svétla jako integral pres
prostor cest




Light transport

= Geometric optics

PG I (NPGRO10) - J. Kiivanek 2013
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Light transport

PG I (NPGRO10) - J. Kiivanek 2013
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Light transport

= Camera response

= all paths hitting
the sensor

PG I (NPGRO10) - J. Kiivanek 2013
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‘ Path integral formulation

[Veach and Guibas 1995]
[Veach 1997]

PG I (NPGRO10) - J. Kiivanek 2013 49



Measurement contribution function

X = XgX...X;

v _ v J
.f‘j (x) o Le (x()_)xl) T(x) We ('xk—l_)xk)
emitted path sensor sensitivity
radiance throughput (“emitted importance”)

I'(x) = G(x()(_)xl) P (X)) . py(x; )G(xk 1(_>xk)

L, (xy—x,) / \ W, (x,—>x,)

Xy O

PG I (NPGRO10) - J. Kiivanek 2013 50




Geometry term

G(xe>y) =

|cos 6, [|cosd, |

5 V(xey)
Jx =

PG I (NPGRO10) - J. Kiivanek 2013



‘ Path integral formulation

| £, dux)

L

52
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‘ Path integral formulation

I, = | f,(%) du(x)

=[£G ex) dA(x,) . dA(x,)

k:l Mk+1

all path all possible
lengths vertex positions

PG I (NPGRO10) - J. Kiivanek 2013 53



Path integral

32 <
y & oS
L i3 SEFY
> R &
N
N SRS
] o
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Rendering :

Evaluating the path integral




Path integral

3 $
Yy & S
" & SN
> R &
LN
.4 &g
[ S

= Monte Carlo integration

PG I (NPGRO10) - J. Kiivanek 2013
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Monte Carlo integration

= General approach to numerical evaluation of integrals

" Integral:
A i A
I= [ f(x)ds
A h 4
Monte Carlo estimate of I:
\ 1 &
- p(X) (/)z—zf(x“), x; o p(x)
: N i=1 p(xz')
0  Xg XgX; X4 X Xg 1 Correct ,on average*:
E[(I)]=1

PG I (NPGRO10) - J. Kiivanek 2013 57



‘ MC evaluation of the path integral

Path integral MC estimator
L :J.ij(f) du(x) <1j>=fj(_f)
p(x)

= Sample path X from some distribution with PDF p(x) ?

= Evaluate the probability density p(X) ’?

= Evaluate the integrand /() /

PG I (NPGRO10) - J. Kiivanek 2013 58



Path sampling

= Algorithms = different path sampling techniques

PG I (NPGRO10) - J. Kiivanek 2013
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Path sampling

= Algorithms = different path sampling techniques

o Path tracing

PG I (NPGRO10) - J. Kiivanek 2013
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Path sampling

= Algorithms = different path sampling techniques

o Light tracing

PG I (NPGRO10) - J. Kiivanek 2013
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Path sampling

= Algorithms = different path sampling techniques

= Same general form of estimator

S (%)
(1))= p(¥)

= No importance transport, no adjoint equations!!!

PG I (NPGRO10) - J. Kiivanek 2013
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Path sampling
&
Path PDF




‘ Local path sampling

= Sample one path vertex at a time

. From an a priori distribution
o lights, camera sensors

Q Sample direction from an existing vertex

3. Connect sub-paths
o test visibility between vertices

PG I (NPGRO10) - J. Kiivanek 2013




Example — Path tracing

1. A priori distrib.

2. Direction sampling

3. Connect vertices

PG I (NPGRO10) - J. Kiivanek 2013
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Use of local path sampling

Bidirectional
path tracing

@\ Eﬁ\

Path tracing Light tracing

PG I (NPGRO10) - J. Kiivanek 2013 67



Probability density function (PDF)

path PDF

p(X)

= p(xy,e..rX;)

joint PDF of path vertices

PG I (NPGRO10) - J. Kiivanek 2013
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Probability density function (PDF)

path PDF

p(x) = p(XgsrXp)

joint PDF of path vertices

7 X
Q\ ///// xl \\\\‘\
x \\\\ /’/ \\\\\\ 4
3 o xoq‘} Jv
A
X5 0 7y

PG I (NPGRO10) - J. Kiivanek 2013
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‘ Probability density function (PDF)

path PDF

p(x¥) = p(xy,..x,) = p(x;)
joint PDF of path vertices p(x2 | x3) product

- of (conditional)
p(x1 | Xy ) | vertex PDFs

p(x,)

Path tracing example:

\Owwv

PG I (NPGRO10) - J. Kiivanek 2013 70



‘ Probability density function (PDF)

path PDF
p(x) = p(xpenxy) = plx;)
joint PDF of path vertices p(xz) produc_t :
- of (conditional)
p(xl) vertex PDFs
X
Path tracing example: P 0)

\Owwv

PG I (NPGRO10) - J. Kiivanek 2013 71



‘ Vertex sampling

= Importance sampling principle

BRDF lobe

Q Sample direction from an existing vertex

Qonnect sub-paths

PG I (NPGRO10) - J. Kiivanek 2013

. connections

high thruput




Vertex sampling

Q Sample direction from an existing vertex

PG I (NPGRO10) - J. Kiivanek 2013 73



' Measure conve rsion/@
BRDF lobe

samplin

Q Sample direction from an existing vertex

p(y) = p~(3>y) G(x>y) .

e 2

PG I (NPGRO10) - J. Kiivanek 2013 74



‘ Summary

Path integral MC estimator
1= [/, du(®) ;)
;=] f0(0) du(x < j>: -
S F O PX)
& > SO D &
" S X =X,...X; = & <

p(x)=p(xy)... p(x;)

f;f (}?) — Le G(XO(_)xl)p.s (‘xl) e /Os (xk—l )G(xk—lﬁxk), Wej

b4
xo e |

X y k-1
PG kit (NPGRO10) - . Kivinek 2013 75



Summary

= Algorithms
o different path sampling techniques

o different path PDF

PG I (NPGRO10) - J. Kiivanek 2013
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Odvozeni integralu pres
prostor cest ze zobrazovaci a
meérici rovnice




Tribodova formulace prenosu svétla

= Eliminace sméru (pouze body na plose)

L(X > X')=L(X,w)

f(Xo>X ->x")=f X, o0 > a,)

PG I (NPGRO10) - J. Kiivanek 2013
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Zobrazovaci rovnice v 3b formulaci

L(X' > X") =L, (X' > x")+

+[ Lx—>X)- f (x> X >X)-G(x <> X) dA,

cosé, cosé;
2

G(X<>X) = V(X X)

Hx — X'

PG I (NPGRO10) - J. Kiivanek 2013
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‘ Meérici rovnice v 3b formulaci

J

| = IMXMWe@(X > X')-L(x = X')-G(x <> X') dA dA,

Dulezitost emitovana z X’ do x
(Znaceni: Sipka = smér Sireni svétla, nikoli dulezitosti)

X' ... ha senzoru
X ... na ploSe scneny

PG I (NPGRO10) - J. Kiivanek 2013
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Odvozeni integralu pres prostor cest

= Do meérici rovnice v 3b formulaci se dosadi Neumannova
expanze ZR v 3b formulaci, vypadne suma integralu.

= Integrand je funkeci prispévku (contribution function).

PG I (NPGRO10) - J. Kiivanek 2013 81



“Path integral” — A historical remark

= This course [Veach and Guibas 1995], [Veach 1997]
o Easily derived form the rendering equation [VVeach 1997]

= Feynman path integral formulation of quantum
mechanics [Feynman and Hibbs 65]

= Homogeneous materials [Tessendorf 89, 91, 92]

= Rendering [PremoZe et al. 03, 04]

Course: Recent Advances in Light Transport
Simulation
Jaroslay Kivinek — Bidirectional Path Sampling
Techniques 82



Obousmeérné sledovani cest
(Bidirectional path tracing)




Bidirectional path sampling

= Algorithms = different path sampling techniques

Bidirectional

Path tracing Light tracing oath tracing

o \ "
e (=
St N
LS
£ FE
S
*";'ﬁa\' \‘"-:.a\

PG I (NPGRO10) - J. Kiivanek 2013 84



One bidirectional path sampling
technique

= sample light sub-path
= sample camera sub-path
= sub-path connection

PG I (NPGRO10) - J. Kiivanek 2013
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‘ One bidirectional path sampling

technique

The usual path integral estimator

(7))

_ /()
p(X)

connection terms

PG I (NPGRO10) - J. Kiivanek 2013
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Digression /:7

Q Sample direction from an existing vertex

p(y) =p~(x>y) G(x) —
&

PG I (NPGRO10) - J. Kiivanek 2013




‘ One bidirectional path sampling
technique

= The usual estimator

S (X)
7 \=2
<’> p(x)

Q Connectibn term

PG I (NPGRO10) - J. Kiivanek 2013



‘ All possible bidirectional techniques

O vertex on a light sub-path
O vertex on en eye subpath

b 4
MK

0\0\0/'0/0 - path tracing
0

Q\\Ol,/o/o - light tracing

PG I (NPGRO10) - J. Kiivanek 2013
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‘ All possible bidirectional techniques

O vertex on a light sub-path
O vertex on en eye subpath

b4
" 4

- path tracing

no single technigue Importance
samples all the terms

- light tracing

PG I (NPGRO10) - J. Kiivanek 2013
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Multiple Importance Sampling (MIS)

[Veach & Guibas, 95]

Combined
estimator:

< 1> _ f(x)
[p,(xX)+ p,(x)]/2

PG I (NPGRO10) - J. Kiivanek 2013 Xa 91



Multiple Importance Sampling (MIS)

High MIS weight Low MIS weight
Singularity cancelled

PG I (NPGRO10) - J. Kiivanek 2013 92



Bidirectional path tracing

= Use all of the above sampling technigques

= Combine using Multiple Importance Sampling

PG I (NPGRO10) - J. Kiivanek 2013
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‘ Vzorkovaci strategie

uoljeulwn||| [eqo|9 PadueApY ‘| 18 811N :abew|

94
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Obousmeérneé sledovani cest

= Zobecnéni kombinované strategie pro vypocet primého
osveétleni v path traceru

= Primé osvétleni

0 Riizné strategie nalezeni vzorkovani bodu na zdroji svétla

= BPT

o Riizné strategie generovani celych svételnych cest

PG I (NPGRO10) - J. Kiivanek 2013
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Obousmeérneé sledovani cest

= Pro danou svételnou cestu:
o Funkce prispévku f;() nezavisi na zptusobu vzorkovani

o Hustota pravdépodobnosti zavisi na zpisobu vzorkovani

PG I (NPGRO10) - J. Kiivanek 2013
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‘ Vzorkovaci techniky v BPT

Priklad: Ctyti vzorkovaci techniky pro k = 2

PG I (NPGRO10) - J. Kiivanek 2013

Image: Eric Veach
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Vzorkovaci techniky v BPT

= Podcesta o t vrcholech vzorkovana z kamery
= Podcesta o s vrcholech vzorkovana ze svétla
= Spojovaci segment délky 1

= Celkovéa délka cesty: k =s + t— 1 (segmentii)

= k+2 moznosti pro generovani cesty delky k

PG I (NPGRO10) - J. Kiivanek 2013
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Vzorkovaci techniky v BPT

= Kazdatechnika ma jinou hustotu pg ,
= Kazda je iCinna pri vzorkovani jinych svételnych efekti

= VSechny techniky odhaduji stejny integral

PG I (NPGRO10) - J. Kiivanek 2013
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Kombinace vzorkovacich technik

= Kombinovany estimator (MIS)

kombinaéni strategie
(napr. vyvazena heuristika)
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‘ BPT Implementation
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Implementace:
Generovani cest po skupinach

= Generuj podcestu nahodné délky od svétla
Yo --¥Yn, 1

= Generuj podcestu nahodné délky od kamery
Z“E 1 - -4

= Spoj kazdy prefix cesty od svétla s kazdym sufixem
cesty od kamery

Tst = Yo -¥Ys 1Z¢1..-2Z¢

(cesta = vzorek z hustoty pg )
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Generovani cest po skupinach
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Image: Dutre et al. Advanced Global IHlumination



Results

BPT, 25 samples per pixel PT, 56 samples per pixel
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(2x)

k=3
(4x)

(16x)

s=1 s=2.. t=
s / t = pocet vrcholil na podcesté od svétla / kamery 105



Porovnani algoritmu

_-rr_--- “'__.

Path tracing Light tracing Bidirectional path tracing

Kviz: Proc¢ je sklenéna koule ¢erna?
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LIMITATIONS OF LOCAL
PATH SAMPLING
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Bidirectional path tracing




Insufficient path sampling technigues

= Some paths sampled with zero (or very small) probability

& -

e specular — S ——

diffuse — D

Course: Recent Advances in Light Transport Simulation
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Alternatives to local path sampling

= Global path sampling — Metropolis light transport
o Initial proposal still relies on local sampling

= Leave path integral framework
o Density estimation — photon mapping

= Unify path integral framework and density estimation
o Vertex Connection & Merging

Course: Recent Advances in Light Transport Simulation
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NEARLY THERE...



“Path integral” — A historical remark

= This course [Veach and Guibas 1995], [Veach 1997]
o Easily derived form the rendering equation [Veach 1997]

= Feynman path integral formulation of quantum
mechanics [Feynman and Hibbs 65]

= Homogeneous materials [Tessendorf 89, 91, 92]

= Rendering [PremoZe et al. 03, 04]

Course: Recent Advances in Light Transport Simulation
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Konec

E. Veach: Robust Monte Carlo methods for
light transport simulation, PhD thesis, Stanford
University, 1997, pp. 219-230, 297-317
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