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| History

s Leonardo Da Vincli
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Dolezitost’ tienov

= Vnimanie
= Orientacny prvok
« Vzt'ahy medzi
objektami
= Umelecky prvok

= Vyjadrenie nalady
sceny
= ostré tiene
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Area lights
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Hard shadows vs soft shadows

Decluder

=

e
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| Viac-nasobne svetla
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| Pojmy
= Zdroj svetla
= Bodové vs plosné

s Occluders & receivers

= Occluder (Tienidlo) - tienove
teleso

= Receiver (Zatieneny objekt) -
teleso, na ktory je vrhany tien

x llene
= Hlavny tien - Umbra
= Polotien - Penumbra

M aCE A

Faint kght source

Hard Shadow
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|_Pojmy I

= Ostrost’ tiena
= Mdkke tiene (Soft shadows)
= Ostreé tiene (Hard shadows)

= Druh tiena
= Vlastny (Self shadow)
= Vrhnuty (Cast shadow)
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Ako pridat tiene do sceny?

| =1,kO0y + > S fl L(k odﬂ(L N)+ksosﬂ(R v))

1<i<m

0, ak svetlo i je zakryté v tomto bode

S, =+

1, ak svetlo i nie je zakryté v tomto bode

.

= Projekcné metody = Projective shadows

= Tienove teleso = Shadow volumes

= Tiedova pamét’ hibky = Shadow maps

= Optimalizacie = Shadow optimizations

Marek Zimanyi, DCGIP 10



| Tiene v OpenGL

= Falosné tiene (Fake methods)
= Jednoduche zlepSenie priestorového dojmu

= Analytické metody

= Vypocet geometrickych (projekcnych)
transformaacii v scene.

= Rasterizacné metody
= Algoritmus pracuje na rastri v scene

Marek Zimanyi, DCGIP
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| Falosné tiene

Images from TombRaider. ©Eidos Interactive.

= Jednoduche tiene (elipsy ...)
= Ziadny globalny vplyv
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Rovinne tiene

= Planar Shadows

= Premietnutie geometrie tienidla do roviny
(zatieneny objekt)
= Objektovo-orientovany (Object space
precision)
= Z-bias artefakty
= Dve metody
= Projekcne tiene
= Tienove teleso

Marek Zimanyi, DCGIP
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| Planar Soft Shadows

s Zakladna idea:

= Navzorkovat viacnasobne svetelny zdroj a
exportovat vysledky (accumulation buffer)
do textury

= Gooch et al: pohybovat rovinu vo
vertikalnom smere

= Vnorene tiene (Nested shadows)—> menej
krokov

Marek Zimanyi, DCGIP
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Projekcné tiene

Blinn88] Me and my fake shadow

= Tiene dopadaju na vybrané velke polygony
= Rovina podlahy
= Steny

(c) Stefan Brabec
15

Marek Zimanyi, DCGIP



| Projekcné tiene
= Priklad: Tienene teleso je xzrovina; y=0

Light
Source , | I—’
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| Projekcné tiene

= Transformacia def. maticou 4x4

) Ly, —Ly, 1, -1, 0 0Yv
-y, |0 0 0 0]y,
by, D0 L1 0y,

P = 0 -1 0 I, |1,

Iy_vy \
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| Projekcné tiene

= VO vSeobecnosti: tieneny objekt je rovina £
E:nNexX+d=0

v d+/ﬁ0|i o
P = ﬁ-(V—F)(V )
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| Projekcné tiene

= Zakladny algoritmus:
= Render scenu (uplné osvetlenie)

= Pre kazdy zatieneny polygon
= Vypocitaj projekCnd maticu M
= Vynasobenie s aktualnou transformaciou (modelview)

= Render vyznacenu (occluder) geometriu
Darken/Black
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| Rovinne tiene - problemy

= Svetelny zdroj vnutri objektu, alebo medzi tienidlom a tienenym
objektom (Antishadows)

= AK £< 0 light

 light

receiver

receiver

occluder behind receiver occluder behind light

= Riesenie je orezavanie...

= Tieneny objekt mbze byt len rovina
9 iiadne VIaStne tiene Marek Zimanyi, DCGIP 20



| Projekcné tiene - problemy

Dobre

Tien mimo plochy

Z fighting Dvojite blendovanie

(c) Stefan Brabec
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| Projekcné tiene

s Zhrnutie:

= Prakticka implemetacia len pre niekolko,
vel'kych tienenych objektov (ploch)

= 'ahko implementovatelné

= Pouzitie stencil buffra (z fighting, overlap,
receiver)

= Mozné renderovanie do textury, ak tienidlo a aj
tieneny objekt su dostatocne dlho staticke
objekty
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| Tienove telesa

= Shadow volumes
= [Crow77] Shadow algorithms for computer graphics
= Vypocet oblasti tiena v 3D
= Objektovo orientovany algoritmus
= Tien je vrhany na I’ubovol’ne tlenene teleso

,._n:ﬁ

; O %ﬂ
e |
Vo iky
< 5,"_1.-\'-- i
4_(-:--;- 722
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Tienove telesa

= Zakladna myslienka = vytvorenie pomocného telesa

= RozSirenie tienidlovych polygonov do formy 3D telies
= Svetelny zdroj je stred projekcie
= VSetko za tienidlom je v tieni
= Test Ci bod lezi aspon v jedenom tienovom objeme!
= RozSirenie na vypoCet mimo pohladdyvy objem (view
frustum)

Light Source

pohledovy

objem

T— Occluder
y

s
i

Shadow Region
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| Tienove telesa

= (2D pripad)

N Plocha mimo tienového telesa

///'\\

Zdroj svetla

: gemm==== Ticnove teleso
(infinite extent)
Pozorovatel m
Ciastoéne Plocha vnutri tienového telesa
tieneny (shadowed)
objekt

(c) Stefan Brabec
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| Tienove telesa

= Vytvaranie tienoveho telesa
= Jednoduchy pristup:
= Jeden objem pre kazdy polygon
= ZlepsSenie
= Siluetovo orientovany pristup
= Vyhoda: Jedno tienove teleso
= Len urcita mnozina tienidiel

Marek Ziméanyi, DCGIP
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| Tienove telesa

s Detekcia siluet

= Uhol normal susednych stien (odvratena-
privratena stena)

_ Light Light

N,

Vi

—

N,

Silhouette Edge (vO,v1)! No Silhouette Edge !
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TleﬁOVé telesa' o Light Source

»' Test na tien: /n-out pocitadlo

| Counter == U. Viewer
osvetleny

= Counter >=0:
tieneny
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Tienove telesa

= Detaily zakladného algoritmu:
= Vypocitaj tienove telesa
= Pohladovo nezavistlé!
= Vycisti stencil buffer
Renderuj scenu bez difuzneho/spec osvetlenia

= “"Render” prednych stien tienovych telies
= Turn off color, depth updates (but leave depth test on)
= Visible polygons increment pixel stencil buffer count

= "Render” zadnych stien tienovych telies
= Turn off color, depth updates (but leave depth test on)
= Visible polygons decrement pixel stencil buffer count

Renderuj scenu len s diffuse/spec zlozkou
= Update pixels len vtedy ked’ stencil = 0

Marek Zimanyi, DCGIP
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| Tienove telesa

= Vyhody
= Presnost’
= VSetky typy svetiel

= Nevyhody

= Pocitanie shadow
volume

= Fillrate

Marek Zimanyi, DCGIP 30



Tienove telesa

M V;'/hoda:
= Robustny
= Self-shadowing
= GPU

= Nevyhoda:

= Limitovany geometriou
= Stencil polygons
= Multi-pass scene geometry

= Stencil test — per pixel - drahy
= Ostreé tiene

Marek Zimanyi, DCGIP
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Makkeé tienové telesa

- Tienové telesa pre kazdy roh plosného telesa

2D
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| Z-Buffer Shadow Algorithm

Tiefiova pamat’ hibky — ,Shadow mapping"
Dva kroky:

1. zobrazenie scény z pohl'adu svetla, z-buffrom => hibkova
mapa, HM (depth map)
Pixle nesu info o svojej vzdialenosti ku zdroju a nie svoju
farbu.

2. zobrazenie scény z pohl'adu pozorovatela z-buffrom.
Pixle z tejto HM sa transformuju do pohl'adu svetla, a
porovnava]u sa.

Ak lezi bod, ziskany z pohl'adu kamery, blizSie nez z
pohl'adu svetla => je v tieni

Ak je zdrojov viacej, tak sa to opakuje pre kazdu ulozenu
HM.

Marek Zimanyi, DCGIP 33



| Shadow mapping

= Metdda ,Shadow mapping"
= Lance Williams 1978

= Dvoj krokovy algoritmus
= Rendering z pohl'adu svetla a ulozenie z-buffra

= Rendering scény z pohl'adu kamery

s projekciou ulozeného z-buffra na geometriu a porovnanim
vzdialenosti od svetla

e b

Depth map 2)shadow map projected 3)distance from light
onto geometry

©Michal Valient Marek Ziményi, DCGIP 34




| Shadow mapping

1. Zobraz scénu z pohladu svetelného zdroja;
Hlbkovu mapu (z-buffer) odloz do H,

2. Zobraz scenu z pohladu kamery pomocou pamati hibky
5. Pre vsetky pixely [u,v] (s hlbkou w) zobrazenej sceny do:
@ [u,v,w] -> do suradnic svetla L; a ziskaj nove [X,y,Z]

© A= Hxy]
o B=12z
@ Ak (A<B) tak je pixel [u,v] v tieni, inak je osvetleny L..

Marek Zimanyi, DCGIP 35



| Shadow Maps

Final scene

Shadow map

(c) Stefan Brabec
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Shadow Maps

= Chyby pri porovnavani hibky
= ,Depth bias problem"®
= Daju sa obmedzit’ pripocCitanim malej hodnoty (depth bias) k
ulozenym vzdialenostiam alebo sa bude ukladat priemer
vzdialenosti dvoch najblizsich.

= Lepsie riesenie: do z-buffra vykresl'ovat’ len plochy odvratené od
svetla.

= Umoznuje pouzitie textur s nizsim poctom bit/pixel
= Da sa kombinovat’' s predchadzajucim rieSenim

©Michal Valient Marek Zimanyi, DCGIP



| Shadow Maps

= Chyby sposobené rozmermi z-buffra
« Hranaté tiene

= Priamociare filtrovanie nefunguje

= Percentage closer filtering (Reeves 1987)
= najskor je porovnavana hibka v urditej oblasti
= z0 vzniknutej binarnej mapy sa vypocita priemerna

hodnota
06 | 04 [ 07
X
045 | 0.6 0.3
02l | 01| 02

z>0.47

Marek Zimanyi, DCGIP
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| Shadow Maps

= Bilinearne filtrovany PCF
= Vklada medzikrok s bilinearnou filtraciou

0 0

1 2x2avg.’ 0.5

—
improved PCF

©NMichal Valient
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| Shadow Maps

©NMichal Valient

Marek Zimanyi, DCGIP
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Shadow maps - examples




| Shadow maps - examples




_Shadow maps - examples




Shadow Silouette Maps

= Pradeep Sen, Mike
Cammarano and Pat
Hanrahan
= RozSirenie shadow
mappingu o dal'siu
informaciu
= Aproximacia siluety objektu

Marek Zimanyi, DCGIP 44




Konstrukcia klinov

b)

d)

Vzdialenejsi vrchol
hrany siluety sa
posunie do tej istej
vzdialenosti od svetla
ako ten blizsi

Tvorba prednej a
zadnej steny

Prava stena

. obsahuje €',

. vektor kolmy na e,e’; a
€ Olc

. ,dotyka" sa plochy
svetla

l'ava stena podobne
Flnalny Klin

Marek Zimanyi,
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Konstrukcia klinov

Marek Ziméanyi, DCGIP
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Konstrukcia klinov

Marek Ziméanyi, DCGIP
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Konstrukcia klinov

Marek Ziméanyi, DCGIP
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Konstrukcia klinov

Marek Ziméanyi, DCGIP
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Konstrukcia klinov

Marek Ziméanyi, DCGIP
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Rasterizacia

Marek Ziméanyi, DCGIP
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Rasterizacia

Marek Ziméanyi, DCGIP
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Rasterizacia

Marek Ziméanyi, DCGIP
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Rasterizacia

Marek Ziméanyi, DCGIP
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Rasterizacia

Marek Ziméanyi, DCGIP
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Konstrukcia klinov II

0 V)'/hody

= Nezavislost’
jednotlivych klinov

O r}I/Chl()St’

= Nevyhody
= zbytocne vel'ké pri

-----

vzdialenost'ami
=« fillrate

Marek Zimanyi, DCGIP 56



| Shadow volumes - literature

= Crow, F. C. ,Shadow a/]cior/thms for computer
graphics', ACM Siggraph 1977.

= Heidmann, T. ,Real Shadows, Real Time®, Iris
Universe, 1991.

= C. Everitt and M. Kilgard, ,,Practical and Robust
Stenciled Shadow Volumes for Haradware-Accelerated
Rendering’, http://developer.nvidia.com/, 2002.

= U. Assarsson and T. Akenine-Mdller, ,A Geometry-
Based Soft Shadow Volume Algorithm using Graphics
Hardware", ACM SIGGRAPH, July 2003.
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