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Globalus ap$vietimas

* Tiesioginis / Globalus

* BRUF & Rendering Equation
* Physically based lighting

* Seséliai

* Environment Maps

* Globalus ap$vietimas
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Tiesioginis apdvietimas




Tiesioginis ap3vietimas
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Pridekim Se3élivs!




~ Globalus ap3vietimas




Paprastas apSvietimas

* Lambert: N.L




Globalus ap$vietimas

* Vieng 1986-yjy diena...
* Jim Kajiya




Rendering Equation

Lo(p,@,) = Le(p @) + | p(p. @1, @,)Li(p, ) cos 8de




Rendering Equation!
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Rendering Equation

Lo(p,@,) = Le(p @) + | p(p. 01, @,)Li(p, ) cos bde
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Zodziv,

* TaSke p, kryptimi w, iSeinanti viesa:
* Skleidziama Sviesa, plius
* 1§ visy pusiy ateinanti Sviesa,

* Kuria taskas p kazkaip atspindi
kryptimi w,




Zodziv,

* TaSke p, kryptimi w, iSeinanti $viesa:
* $viesos Saltiniai
* visibility
* BRUF




PRUF

* Kaip pavirsius atspindi Sviesa?

* () jei ateina Sviesa kryptimi w,, tai kiek
jos atspindeti link krypties wi?




Lambert

* BRDF = tiesiog kazkoks skaicius

* “Nesvarbu nei i$ kur nei j kur $viesa
eina, visur atspindesiv vienodai”

* ..tiesa sakant jokia tikra medziaga
neturi tokio BRIF




Phong

* “Atspindesiv kazkiek Sviesos mazdaug
atspindzio kryptimi”

= s
* ..veélgi, jokia tikra medZiaga néra Phong

Friday, October 11, 13



Visokie BRDF

Source: Arnold user guide
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Zaidimuose

* Seniav: Lambert + Blinn Phong

* Pabar: Lambert + Cook Torrance
* ...bet “physically based”!

* Kiti: Oren Nayar, ...




Fizika paremtas
apSvietimas

(Physically Based Lighting)




Melas

* Lambert, Phong - visa tai yra pramanai
* |§ tikro $viesa veikia kiek kitaip :)




Difuzinis atspindys

* “Sviesa iSskaidoma j visas
puses”

* Taip yra dél Sviesos, truputi
patenkancios j objekto vidy

* Lamberto N.L




Difuzinis atspindys

* Metalai neturi difuzinio atspindzio!

* Daugelyje kiety medziagy Sviesa patenka
labai negiliai - galima manyti, kad
atspindima tame paciame taske

* |Simtys - oda ir 11, kur viskas
sudetingiauv




Veidrodinis atspindys

* Sviesa atsispindi nvo

pavirsiaus
* Atspindétu kampu

* ..jei pavirsSius idealiai lygus




Veidrodinis atspindys

* Dauvgelis pavirsiy néra
idealiai lyqus

* Kuo grubesnis pavirsius,
tuo jvairesniais
kampais Sviesa
atsispindi




Veidrodinis atspindys

* Metalai: turi tik veidrodinj atspindi!

* Metalvose veidr. atspindys jgauna pacio
metalo spalva

* Ne-metalvose veidr. atspindys yra pacios
$viesos spalvos




Fresnel efektas

* Veidrodinis atspindys tuo stipresnis, kuo
gulséiau Zilrima | pavirsiy

Paug
atspindzio

Mazai
atspindzio




Fresnel efektas

Fresnel - —
Reflectance s}

0.7 I-
== copper | osf
= aluminum 0.5
= 1ron 04 F
— diamond 0.3 -
—— glass 0.2}
- water )

: 0 IIO 2]0 3IO 4IO 510 610 7IO 810
Image from “Real-Time Rendering, 3 Edition”, A K Peters 2008 angle of incidence 6;
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Fresnel efektas

Nemetalas Metalas

-
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Angry Birds

HHHHHHHHH

* well, nope ;)




Shadow mapping

* Be Seeliy




Atstumas nuvo Sviesos

* Zilrint nvo $viesos
$altinio

* Afstumas iki
artimiavsio pavirsiaus

* Sita tekstira yra
‘shadow wmap”




nimas

Atstumo palyai

|

y

4
Lt Jei kazkas
A::’rfi‘v,uv?::slitl Atstumasiki  yra arciau
Sviesai vaizduojamo $viesos,
pavirsiavs tai mes

pavirsiauvs seselyjel




Rezultatas

* Yay shadows!




Problemos
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Sprendimai

* Resolution aliasing
* (ascaded Shadow Maps

* Projection aliasing (shadow acne)
* Bias, gradient, ...

* Shadow filtering
* Percentage Closer Filter (PCF)

* Variance Shadow Maps, Exponential Shadow
Maps, ...
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Image Based Lighting
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Kiek cia Sviesos
Saltiniy?
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* Atsakau: daug!




Environment Map
Lighting
"!,’rj, 4

»




Environment Map
Lighfi

* Filtruoti i

* (Cubemap arba
Spherical Harmonics

* Lookup by normal

* ..

* Protit!




Globalus apSvietimas




Lightmaps




Lightmaps

Jei apdvietimas
nesikeicia...

Ir jei scena
nesikeicia...

Galutinj apdvietima
apskaicivojam ir
iSsaugom tekstirose

Fast & nice!
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pala pala...

* () jei Sviesa keiciasi?
* () jei objektai juda?

* Apskaicivoti lightmapus uzima begales
laiko

* Not a silver bullet!




sVase

Kaip apskaicivoti?

* Radiosity
* Path Tracing

* Photon Mapping
;. szns




Radiosity

* Suskaidom sceng i daug pavirsiaus
elementy

* Apskaicivojam tarpusavio matomuma
tarp visy ju

* Bounce the light around like it’s 1975!




Path Tracing

Iprastas ray fracing: tiesioginis ap$vietimas
Vietoj: “paleist spindulius link Sviesos $altiniy...”
Daryt taip: “paleist spindulius belenkur!”

Jei daug spinduliy, galbut kas nors gausis ;)

XX X * »

Paprasta ir gana léta...

*  http:/www.kevinbeason.com/smallpt/

*  http:/www.iquilezles.org/www/articles/simplepathtracing/simplepathtracing.him
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8 ray/pixel, 13 sec

October 11, 13




40 ray/pixel, 1 wmin
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25000 ray/pixel, 10 val




Photon Mapping

* Cast a bunch of “photons” from light
sources, remewmber where they hit the
scene (‘photon map”)

* Ray tracing, bet taip pat navdofi
photon map kad nustatyti globaly
apvietima




Literatira

* ¢oogle.com

* Physically Based Rendering: Pharr,
Humphreys: 2010

* Real-Time Rendering 3rd ed: Akenine-
Moller, Haines, Hoffman; 2008

* http:/blog.selfshadow.com/
publications/s2013-shading-course/
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