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Monte Carlo integrovani

= Obecny nastroj k numerickému odhadu uréitych integralu

Integral:
| :j f (x)dx

Monte Carlo odhad I:
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Generovani vzorku z distribuce




1D diskrétni nahodna velicina

= Dana p-nostni fce p(i), distribucni fce P(7)

A Distribuc¢ni funkce
= Postup g I I — o
. Vygeneruj u z R(0,1) . |
».  Vyber x; pro které o | |
u e 1 | ]
| | I
P(i—1) < u < P(i) oo

X, X, X3 X,
(definujeme P(0) = 0) T2 s T

= Nalezeni i se provadi ptilenim intervalu
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2D diskrétni nahodna veli¢ina

= Déna p-nostni fce p; (i, j)

= MozZnost 1:
o Interpretovat jako 1D vektor pravdépodobnosti
o Vzorkovat jako 1D distribuci
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2D diskrétni nahodna veli¢ina
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2D diskrétni nahodna veli¢ina

= MozZnost 2 (lepsi)

. ,dloupec® i, vybrat podle marginalniho rozdéleni,
popsaného 1D marginalni p-nostni fci

P, ()= Py i ]

. ,Radek®j; vybrat podle podminéného rozdeéleni
prislusejiciho vybranému ,sloupci® i

pI,J (iseh J)
pl (isel)

leI (J | | :isel) —
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Vzorkovani 1D spojité nahodne

veliciny

= Transformaci rovnomérné nahodné veli¢iny

= Zamitaci metoda (rejection sampling)
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Vzorkovani 1D spojité nahodne
velié¢iny transformaci

= Je-li Uje ndhodna velié¢ina s rozdélenim R(0,1), pak
nahodna veli¢ina X

X =P*(U)

ma rozdeéleni popsané distribuc¢ni funkei P.

1

= Pro generovani vzorki podle
hustoty p potrebujeme U >

o Spocitat cdf P(x) z pdf p(x)
o Spocitat inverzni funkei P1(x)

X |
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Kombinace vzorkovani po ¢astech s
transformac¢ni metodou
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Vzorkovani 1D spojité nahodne
velic¢iny zamitaci metodou

= Algoritmus MAX
o Vyber nahodné u, z R(a, b)
a0 Vyber nahodné a u, z R(0, MAX)
o Prijmi vzorek, pokud p(u,) > u,

= Prijaté vzorky maji rozlozeni dané
hustotou p(x)

= Uéinnost = % ptijatych vzorkdl
o Plocha funkce pod krivkou / plocha obdélnika

o Transformacni metoda vzdy efektivnéjsi (ale vyzaduje
integrovat hustotu a invertovat distribuc¢ni fci)
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Vzorkovani 2D spojité nahodné velic¢iny

= Jako pro 2D diskrétni veli¢inu

= Dana sdruzena hustota py {(x, y) = px(X) pyx(y | X)
= Postup

z marginalni hustoty

Py (X) :j Px v (X1 y) dy

1. Vyber x

sel

>, Vyber y,,; z podminéné hustoty

pX,Y (Xsel’ y)
pX (Xsel)

Py x (Y[ X =Xg)=
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Transformacni vzorce

= P. Dutré: Global Illumination Compendium,
http://people.cs.kuleuven.be/~philip.dutre/GI/

Giobal lllumination Compendium
The Concise Guide to Global lllumination Algorithms

a\WU SR e hﬁ l s ) e S i
Albrecht Duerer, Underweyvsung der Messung mit dem Zirkel und Richtscheyt (Nurenberg, 1525), Book 3, figure 67.
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Importance sampling Phongovy BRDF

= Paprsek dopadne na plochu s Phongovou BRDF. Jak
vygenerovat sekundarni paprsek pro vzorkovani
neprimeho osvétleni?

= Path tracing

o Pouze 1 sekundarni paprsek — je treba zvolit komponentu
BRDF (druh interakce)

o Postup:
. Vyber komponentu BRDF (diftzni odraz / leskly odraz / lom)
>. Vzorkuj vybranou komponentu
5. Vyhodnot celkovou PDF a BRDF
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Fyzikalné vérohodna Phongova BRDF

FP% ) 5 @) =20 4 n+2 p, cos" 6
T 2

CoSO. =w, - w,
@, =2(w, -N)N —w.

= Zachovanienergie: p,+p, <1

PG III NPGRO10) - J. Kfivanek 2014

15



Vybér interakce

pd = max(rhoD.r, rhoD.g, rhoD.b);
ps = max(rhoS.r, rhoS.g, rhoS.b);
pd /= (pd + ps); // pravd. vybéru diftzni komponenty
ps /= (pd + ps); // pravd. vybéru lesklé komponenty

if (rand(0,1) <= pd)
genDir = sampleDiffuse();
else

genDir = sampleSpecular (incDir) ;

pdf = evalPdf (incDir, genDir, pd, ps);
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Vzorkovani difizniho odrazu

= Importance sampling s hustotou p(6) = cos(6) / =«

0 6...4hel mezi normalou a vygenerovanym sekundarnim
paprskem

o Generovani smeéru:

x = cos(2mry) J1 =1,

y = sm(2nr), [l -7,
0 = acos(ﬁ)

z = Ir,

= r1,r2...uniformnina <o0,1>

¢ = 2nr,

0 Zdroj: Dutre, Global illumination Compendium (on-line)
0 Odvozeni: Pharr & Huphreys, PBRT
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sampleDiffuse ()

// generate spherical coordinates of the direction
float rl = rand(0,1), r2 = rand(0,1);

float sinTheta = sqgrt(l - r2);

float cosTheta = sqgrt(r2);

float phi = 2.0*PI*rl;

float pdf = cosTheta/PI;

// convert [theta, phi] to Cartesian coordinates

Vec3 dir (cos(phi)*sinTheta, sin(phi)*sinTheta, cosTheta);

return dir;
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Vzorkovani lesklého odrazu

= Importance sampling s hustotou p(0) = (n+1)/(2n)
cos™(0)

o 6...uhel mezi idealné zrcadloveé odrazenym o, a
vygenerovanym sekundarnim paprskem

/
oo (Generovan 5
n+1
¢ = 27r x = cos(2nr )Nl —r,
1
1 '\/ _2
n+1 A - ) 1 n+1
0 = acos(;‘, } h% sm(2nry gl —r,
1
_ _ . nT 1
z 5

= r1,r2...uniformnina <o0,1>
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sampleSpecular ()

// build a local coordinate frame with R = z-axis

Vec3 R = 2*dot (N, incDir)*N - incDir; // ideal reflected direction

Vec3 U = arbitraryNormal (R); // U 1is perpendicular to R

Vec3 V = crossProd (R, U); // orthonormal basis with R and U

// generate direction in local coordinate frame

Vec3 locDir = rndHemiCosN(n); // formulas form prev. slide, n=phong exp.

// transform locDir to global coordinate frame

Vec3 dir = locDir.x * U + locDir.y * V + locDir.z * R;

return dir;
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evalPdf (incDir, genDir, pd, ps)

return
pd * getDiffusePdf (genDir) +
ps * getSpecularPdf (incdir, genDir);

formulas from prev. slides
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Image-based lighting




Image-based lighting

= Introduced by Paul Debevec (Siggraph 98)

= Routinely used for special effects in films & games
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Image-based lighting

= Illuminating CG objects using measurements of real light
(=light probes)

/; ’4 ;>‘
Eucaliptus ST
grove ’ |

Grace
cathedral

Uffizi
gallery

© Paul Debevec



Point lighting
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Image-based lighting




Image%sed lighting




Image-based lighting




Eucaliptus grove

Grace cathedral

Mapping

Debevec’s spherical

“Latit0d&LN8aRitu de%i(sphétical coordinates)

Cube mapy



Uffizi gallery

St. Peter’s Cathedral

Mapping

Debevec's spherical

“Latityd L8Rt de%ifsphetical coordinates)
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Cube map



Mapping

float r = d>0? 0.159154943*acos(dir.z)/d : 0.0;
u=o0.5+dirx*r;
v=o0.5+diry *r;

Quote from “http://ict.debevec.org/~debevec/Probes/”
The following light probe images were created by taking two pictures of a mirrored ball at ninety degrees of
separation and assembling the two radiance maps into this registered dataset. The coordinate mapping of
these images is such that the center of the image is straight forward, the circumference of the image is
straight backwards, and the horizontal line through the center linearly maps azimuthal angle to pixel
coordinate.

Thus, if we consider the images to be normalized to have coordinates v=[-1,1], v=[-1,1], we have
theta=atanz2(v,u), phi=pi*sqrt(u*u+v*v). The unit vector pointing in the corresponding direction is
obtained by rotating (0,0,-1) by phi degrees around the y (up) axis and then theta degrees around the -z
(forward) axis. If for a direction vector in the world (Dx, Dy, Dz), the corresponding (u,v) coordinate in the
light probe image is (Dx*r,Dy*r) where r=(1/pi)*acos(Dz)/sqrt(Dx"2 + Dy2).
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Sampling strategies

= Technique (pdf) 1:
BRDF importance sampling
Generate directions with a pdf proportional to the BRDF

= Technique (pdf) 2:
Environment map importance sampling

o Generate directions with a pdf proportional to L(®)
represented by the EM
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BRDF IS
600 samples

EMIS

600 samples

MIS

300 + 300 samples

‘ Sampling strategies

Diffuse only Ward' gﬁB]I\-LP%LR%O)zJ S

“WaF'BRDF, a.=0.05

Ward BRDF, a.Z0.01



Vzorkovani sméru podle mapy
prostredi

= Intenzita mapy prostredi definuje hustotu (pdf) na
jednotkové kouli

= Pro acely vzorkovani ji aproximujeme jako 2D diskrétni
distribuci nad pixely mapy

= Pravdépodobnost vybéru pixelu je dana soucinem
o Intenzity pixelu
0 Velikosti pixelu na jednotkové kouli (zavisi na mapovani)

= Detaily
o Writeup
o PBRT - http://pbrt.org/plugins/infinitesample.pdf
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