RAY TRACING




Ray Casting

® Desenvolvido por Arthur Appel em 1968.

® Utilizado para determinar a visibilidade de
superficies.




Ray Casting :

Escolhe-se um centro de projecao (olho do observador) e uma
janela num plano de visualizacao.

A janela é divida em grid, correspondentes aos pixels numa
resolucao desejada.

Tragam-se raios imaginarios partindo do olho do observador,
através do centro de cada pixel, em dire¢cao aos objetos da cena.
A cor do pixel € determinada pelo objeto que estiver mais proximo.
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Ray Casting

Algoritmo




Ray Casting

selecione centro de projecao e janela no plano de visualizagao,
para cada linha na imagem faca

para cada pixel na linha faga

comecgo
determine o raio do centro de projecéo atraves do pixel;
para cada objeto na cena facga

se objeto e interceptado e € mais proximo ate agora entao
grave interse¢cdo e nome do objeto,

set cor do pixel com a do objeto mais proximo

fim;



Ray Casting

® Calculo intersecao
E o componente principal do ray casting.

Necessario para determinar quando um objeto foi
interceptado por um raio.

Existem solugdes que determinam a intersecao para cada
tipo de objeto:

Raio/esfera
Raio/plano
Raio/box

Raio/quadrica (elipsoides, paraboldides, cones, cilindros,
hiperboldides)

Etc...



Ray Casting

® Raijo/esfera:
Um raio é definido como:
Roigem = Ro = [ X Yo 4y ] 'y
Riirecao = Ra = [ Xy Yo 44 ] RO
onde X#2+Yz2+Z2="1
R(t) =R, +R, " t, parat>0.

Uma esfera é definida como:
Centrodaesfera=S_=[X,Y_ Z,]

Raio da esfera = Sr
Superficie da esfera € o conjunto de pontos [ X, Y, Z, ]

onde (X =X PR+ (Y.=Y, R+(Z +2Z )?=S2




Ray Casting

® Substitua a equacao do raio na equacao da reta:

Expressar a equacao doraio para[ XY Z ] em termos de t:
X=X, + X, *t

Y=Y, +Y, *t

Z=27,+7Z,*t

Substituindo nas variaveis [ X, Y, Z, ] da esfera:
(XO+Xd*t_Xc)2+

(Y0+Yd*t_Yc)2+

(Zo+Zy"t=-2Z, =372



Ray Tracing

® Desenvolvido por Douglas Scott Kay (1979)
e Turner Whitted (1980).

® Estende o algoritimo basico de ray casting
para lidar com sombras, reflexao e refracao.



Ray Tracing

iy

Centro de Janela de
Projecao Visualizagao
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Ray Tracing

® Sombras

No modelo de Appel (1968) ja era possivel
determinar areas de sombras com ray-casting.

E tracado um raio, chamado raio de sombra, do
ponto de intersecio para cada fonte de luz. Se o
raio interseccionar qualquer objeto no caminho,
entao o objeto esta na sombra e o algoritimo
ignora a contribuicao em relagao a esta fonte de
luz.
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Ray Tracing :

® Sombra
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Ray Tracing

® Reflexao e Refracao

Whitted e Kay propuseram um algoritimo
recursivo para tratar de reflexao e refracao.

Ao invés de procurar apenas por superficies
visiveis para cada pixel, o raio continua sua
trajetoria, coletando mais contribuigcdes de
iIntensidade luminosa.

Algoritimo basico realiza deteccao de superficies,
sombras, transparéncia e iluminacao de multiplas
fontes de luz.
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Ray Tracing :

® Reflexao

5 i . Plano de Imagem

et % g5

® Refracao
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Ray Tracing

® Para cada pixel. E testado com um raio primario, se existe, a
intersecao com algum objeto na cena;

® Para cada ponto de intersecao, pode-se gerar ate trés tipos de
raios (raios secundarios):

Raio de reflexao
Raio de refracao
Raios de sombra

® Estes raios podem atingir ou nao outras superficies e gerar
outros raios.

® QO processo continua até que um dos eventos ocorra:
O raio nao atinge nenhuma outra superficie
O raio atinge uma fonte de luz
O raio percorre um caminho muito longo
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Ray Tracing
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Ray Tracing :

® Calculo de intensidade para o pixel

Viewpoint
TE
i e e P?r. Surface normal l
A g e b -
oA B R. Reflected ray FANS
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Viewpoint - Point light source
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Ray Tracing

® \Vantagens:

Produz imagens mais reais que outros métodos
de renderizacao

Simples de implementar

Independéncia de cada raio permite que o
processo seja feito em paralelo

® Desvantagens:
Performance
Nao aproveita informacao de um raio para outro
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Ray Tracing distribuido

® Utiliza amostragem estocastica em outras
dimensOes para gerar efeitos
Gloss
Translucéncia
Penumbras
Depth of field
Motion Blur
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Ray Tracing distribuido :

® Gloss

® Distribuicao dos raios refletidos de acordo com a
funcao de distribuicao especular




Ray Tracing distribuido

® Translucéncia
® Distribuicao dos raios transmitidos




Ray Tracing distribuido :

® Penumbras

® Distribuicao dos raios de sombra atraves do
angulo de cada fonte de luz
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Ray Tracing
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Otimizando Calculos de T
Interseccao

® Muitos termos das equacoes de interseccao
raio-objeto sao constantes ou para uma
Imagem ou para um raio.

® Um objeto que é relativamente custoso de ter
a Interseccao calculada pode ser substituido
por uma bounding box cujo calculo seja mais
simples, como uma esfera, elipsoide, solido
retangular. O objeto nao precisa ser testado
se O raio nao intersecciona o bounding box.



Hierarquias

® Bounding volumes podem ser organizados
em hierarquias com objetos como folhas e
nos internos que envolvem seus filhos.

® O volume de um no filho garantidamente nao
iIntersecciona o raio se 0 seu pai hao
intersecciona.



Spatial Partioning :

® Hierarquias bounding-volume organizam os
objetos bottom-up.

® Spatial partioning organiza-os top-down.
Primeiro, calcula-se o bounding box da cena.
O bounding box € entao SudeVIdIdO em
particoes regulares. o Nl I

The scene is partitioned into a regular grid of equal-sized volumes.



Spatial Partioning :
® Cada particao € associada a uma lista de
objetos que contém total ou parcialmente.

® Um raio precisa ter a interseccao testada
apenas contra aqueles objetos contidos nas
particoes pelas quais o raio passa.

;oc R |

Spatial partitioning. Ray A needs to be intersected with only objects A, B, and C, since the
other partitions through which it passes are empty.



Spatial Partioning

® As particOes podem ser examinadas na
ordem em que o raio passa por elas. Assim
gue ocorre interseccao, nao € preciso mais
testar as demais particoes.

* E preciso testar todos os objetos da particao,
para determinar qual € mais proximo.



Spatial Partioning :

® Se um raio intersecciona um objeto de uma
particao é preciso verificar se a interseccao
propriamente dita ocorre na particao em
questao.

An object may be intersected in a different voxel than the current one
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Algumas visualizacoes da Aplicacao do Ray-Traci.: o
o0
o

Sombra



000
Algumas visualizacdes da Aplicacio do Ray-Traci?ﬁ:
o0
o

Reflexao



000
Algumas visualizacdes da Aplicacdo do Ray-Trac:i§1§:
| X )
o

Transparéncia















Exemplo

® Os Slides a seguir eu nao sei a autoria, mas
apresentam uma sequéncia muito
iInteressante sobre o processo do Ray
Tracing. Vale a pena ver.

® Agradeco a quem desenvolveu, acho que foi
Yan Liu.

Pellegrino
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Demonstracao
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O Mowe © Trace & Help

Solid Sphere

@,

Trangparent Sphere

Folygon

¥

Light Source

Thiz Jawa program was written by *r'an Liu, under the zsupervizion
of Or.G.Scott Owen, Department of Computer Science at Georgia

State Univerzity. |t iz based on a Pazcal program written by

Dino Schweitzer. &l Coperights are Reserved by D, G.5cott Dwen.

D emonstration of the Bay Trace Algorithm

Thiz is a demonztration of the raytracing rendering algorithim.

A zimple 2-0 environment iz shown, The user can arrange four
predefined objectz within the environment [zee dezcription on
the left] and raptrace the result. The ravtrace algorithm forms and
intersects primary and secondary rays o compute the final

zhade at each pixel in the frame buffer.

Please chooze 'move’ to get started. Then you can move the

objectz around. Then chooze 'trace’ to trace the raps.

sTer | auto| CcLEaR




Demonstracao

[¢-=-Dn REIIE-=

& Move  Trace © Help

..............

MAIN ALGORITHM

= Form shadow ray
Find interzection
[f reflective

Form reflect ray

Find clozest intersect

Shade [DEPTH+1, REFLSHADE]
[F tranzparent

Form refract ray

Find clozest intersect

Shade [DEPTH+1, REFRSHADE)
Compute rthzhade

For each pixel
SCREEN Fprm primar_l,l. ray .
Find clozest interzection
M [f inkerzect zomething
Shade [DEFTH+1, final)
M Put final shade in pisel
EYE
| SHADE [DEPTH, RTHSHADE)

sTeP | auto| cLEAR |




Demonstracao
[€-=2- QNG AEISIH =

" Move % Trace  Help

/ @
\ ©

E ‘ E MAIN ALGORITHM

For each pixel

SCREEN Fprm primar_l,l. ray .
Find clozest interzection
[f inkerzect zomething
I Shade [DEFTH+1, final)

Put final shade in pisel

EYE

SHADE [DEPTH, RTHSHADE)

= Form shadow ray
Find interzection
[f reflective

Form reflect ray

Find clozest intersect

Shade [DEPTH+1, REFLSHADE]
[F tranzparent

Form refract ray

Find clozest intersect

Shade [DEPTH+1, REFRSHADE)
Compute rthzhade

auto | CLEAR |




Demonstracao 0eoo

[¢-=-Dn REIIE-=

" Move % Trace  Help

MAIN ALGORITHM

For each pixel
SCREEN Fprm primar_l,l. ray .
Find clozest interzection
M [f inkerzect zomething
Shade [DEFTH+1, final)
I Put final shade in pisel
EYE
| SHADE [DEPTH, RTHSHADE)

= Form shadow ray
Find interzection
[f reflective

Form reflect ray

Find clozest intersect

Shade [DEPTH+1, REFLSHADE]
[F tranzparent

Form refract ray

Find clozest intersect

Shade [DEPTH+1, REFRSHADE)
Compute rthzhade

auto | CLEAR |




Demonstracao
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i~ Move % Trace (' Help

.
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MAIN ALGORITHM

Faor each pixel
Form primary ray
Find clogest intersection
[ intersect zomething
Shade [DEFTH+1. final)
Put final zhade in pisel

EYE

SHADE [DEPTH. RTMSHADE)

Farmn shadow ray
Find intersection
[f reflective

Form reflect rap

Find clogest interzect

Shade [DEPTH+1, REFLSHADE)
[ tranizparent

Farrn refract ray

Find clogest intersect

Shade [DEPTH+1, REFRSHADE]
Compute rtnzhade

a0t | cLEaR |




Demonstracao
€2 QNG QESI-E

" Move % Trace 1 Help

s

.
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MalN ALGORITHM

For each pisel
Farm prirnary ray
Find clozest intersection
[f interzect zomething
Shade [DEPTH+1, final)

Put final shade in pixel

EYE

SHADE [DEPTH. RTHNSHADE]

Form shadow rap
Find intersection
If reflective

Farm reflect ray

Find clozest intersect

Shade [DEFTH+1, REFLSHADE]
|f tranzparent

Form refract ray

Find clozest intersect

Shade [DEFTH+1, REFRSHADE]
Compute rihizhade

autn | cLear |




Demonstracao
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 Move % Trace  Help

MalN ALGORITHM

= Form shadow ray
Find intersection
If reflective

Form reflect ray

Find clozest intersect

Shade [DEFTH+1, REFLSHADE)
If tranzparent

Form refract ray

Find clozest intersect

Shade [DEFTH+1, REFRSHADE]
Compute rihizhade

For each pisel
SCREEN Fprm primar_l,l.ra_l,l .
Find clozest intersection
M [f interzect something
Shade [DEFTH+1, final)
l Put final zhade in pixel
EVE
] SHADE [DEPTH, RTHSHADE]

aut0 | cLear |




Demonstracao
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" Move ™ Trace 1 Help

MAIN ﬁLW

or each pisel
Form primary ray
Find clozest interzection
[f interzect something
Shade [DEFTH+1, final)
Put final zhade in pixel

EYE

SHADE [DEFTH, RTHNSHADE]

Form zhadow rap
Find interzection
[ reflective

Form reflect rap

Find clozest interzect

Shade [DEFTH+1, REFLSHADE]
If tranzparent

Form refract rap

Find clozest interzect

Shade [DEPTH+1, REFRSHADE]
Compute rthzhade

aut0 | cLEaR |




Demonstracao

[¢-=-Dn REIIE-=

" Move % Trace  Help

MAIN ALGORITHM

= Form shadow ray
Find interzection
[f reflective

Form reflect ray

Find clozest intersect

Shade [DEPTH+1, REFLSHADE]
[F tranzparent

Form refract ray

Find clozest intersect

Shade [DEPTH+1, REFRSHADE)
Compute rthzhade

For each pixel
SCREEN Fprm primar_l,l. ray .
Find clozest interzection
M [f inkerzect zomething
Shade [DEFTH+1, final)
M Put final shade in pisel
I EYE
| SHADE [DEPTH, RTHSHADE)

auto | CLEAR |




Demonstracao

[¢-»- QA QEESIE-=

" Move

i Trace © Help

\ C
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SCREEM

MAIN ALGORITHM

For each pixel
Form primany ray
Find clozest intersection
[f inkerzect zomething
Shade [DEFTH+1, final)
Put final shade in pisel

EYE

SHADE [DEPTH, RTHSHADE)

Form zshadow ray
Find interzection
[f reflective

Form reflect ray

Find clozest intersect

Shade [DEPTH+1, REFLSHADE]
[f tranzparent

Form refract ray

Find clozest intersect

Shade [DEPTH+1, REFRSHADE)
Compute rthzhade

auto | CLEAR |




Demonstracao
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= Move & Trace © Help

K

SCREEM

MaIN ALGORITHM

Faor each pisel
Form primary ray
Find closest intersection
If intersect something
Shade [DEFTH+1, final)
Put final zhade in pixel

EYE

SHADE [DEFTH. RTHSHADE]

Farrn zhadow rap
Find intergection
If reflective

Farrn reflect rap

Find closest intersect

Shade [DEPTH+1, REFLSHALDE]
If tranzparent

Form refract rap

Find closest intersect

Shade [DEPTH+1, REFRSHADE]
Compute rtnzhade

suT0 | CLEAR |




Demonstracao
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i~ Move

& Trace  Help

A

SCREEM

MAIN ALGORITHM

For each pixel
Farm primary ray
Find clozest interzection
If intersect something
Shade [DEFTH+1, final]
Fut final shade in pixel

EYE

SHADE [DEPTH. RTHSHADE]

Form shadow ray
Fird intersection
If reflective

Form reflect ray

Find clozest interzect

Shade [DEFTH+1, REFLSHADE]
[f tranzparent

Form refract ray

Find clozest interzect

Shade [DEFTH+1, REFRSHADE)
Compute rihzhade

suT0 | CLEAR |




Demonstracao
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" Mowe @ Trace © Help

A

SCREEM

MaIM ALGORITHM

Faor each pixel
Form primary ray
Find closest intersection
[f intersect zomething
Shade [DEPTH+1 . final)
Put final shade in pisel

EYE

SH&DE [DEPTH. RTRHSHADE]

Farrn shadaw ray
Find intersection
[F reflective

Farm reflect ray

Find closest intersect

Shade [DEFTH+1, REFLSHADE]
[f tranzparett

Farm refract ray

Find clozest intersect

Shade [DEFTH+1, REFRSHADE]
Compute rthzhade

sut0 | CcLEAR |




Demonstracao
[« -2 QN AEIIE &

i~ Move % Trace (' Help

.
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MAIN ALGORITHM

Faor each pixel
Form primary ray
Find clogest intersection
[ intersect zomething
Shade [DEFTH+1. final)
Put final zhade in pisel

EYE

SHADE [DEPTH. RTMSHADE)

Farmn shadow ray
Find intersection
[f reflective

Form reflect rap

Find clogest interzect

Shade [DEPTH+1, REFLSHADE)
[ tranizparent

Farrn refract ray

Find clogest intersect

Shade [DEPTH+1, REFRSHADE]
Compute rtnzhade

a0t | cLEaR |




Demonstracao
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" Move

* Trace 1 Help

SCREEM

MAIN ALGORITHM

For each pisel
Form primary ray
Find clogest intersection
If intersect zomething
Shade [DEFTH+1, final]
Fut final shade in pixel

EYE

SHADE [DEPTH. RTHSHADE)

Farm shadow ray
Find interzection
[f reflective

Form reflect ray

Find clozest intersect

Shade [DEPTH+1. REFLSHADE)
[ tranzparent

Form refract rayp

Find clogest intersect

Shade [DEFTH+1. REFRSHADE)]
Compute rtnzhade

aut0 | CLEAR |




Demonstracao
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™ Move

% Trace 1 Help

*

SCREEM

MAIM ALGORITHM

For each pixel
Form primary ray
Find clozest interzection
If interzect zomething
Shade [DEFPTH+1, final
Put final shade in pisel

EYE

SHADE [DEPTH, RTHSHADE]

Form zhadow ray
Find interzection
[F reflective

Form reflect ray

Find clozest interzect

Shade [DEFTH+1, REFLSHADE]
[f tranzparent

Form refract ray

Find clozest intersect

Shade [DEPTH+1, REFRSHADE]
Compute rthzhade

auT0 | cLEAR |




Demonstracao
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= Move

¥ Trace © Help

SCREEM

MAIM ALGORITHM

Far gach pixel
Form primary ray
Find closest intersection
[fintersect something
Shade [DEPTH+1. final]
Put final shade in piael

EYE

SHADE [DEFTH. RTHSHADE]

Farm shadow rap
Find intergection
I reflective

Farrn reflect ray

Find closest intersect

Shade [DEPTH+1, REFLSHADE]
[f trarzparent

Faorm refract rap

Find closest intersect

Shade [DEPTH+1, REFRSHADE]
Compute rtnzhade

auto | cLEsR |




Demonstracao

[¢-»- QA QEESIE-=

" Move

% Trace  Help

A

SCREEM

MAIN ALGORITHM

For each pixel
Form primarny ray
Find clozest intersection
If interzect zomething
Shade [DEFTH+1, final)
Put final zhade in pisel

EYE

SHADE [DEPTH, RTHMSHADE)

Form zhadow rap
Find interzection
If reflective

Form reflect ray

Find clozest intersect

Shade [DEFTH+1, REFLSHADE]
If tranzparent

Form refract ray

Find clozest intersect

Shade [DEPTH+1, REFRSHADE)
Compute rthzhade

auTo | CLEAR |




Demonstracao 0eoo
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i~ Move & Trace © Help

MAIN ALGORITHM

Far gach pisel
SCREEM Fprm primar_l,l. ray _
Find closest intersection
M If intersect something
Shade [DEFTH+1, final)
H Put final shade in pixel

EYE

I SHADE [DEFTH. RTHSHADE)

= Farm shadow rap
Find intergection
I reflective

Farrn reflect rap

Find closest intersect

Shade [DEPTH+1, REFLSHALDE]
I tranzparent

Farm refract rap

Find closest intersect

Shade [DEPTH+1, REFRSHADE]
Compute rthehade

auT0 | CLEAR |




Demonstracao
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= Move

& Trace  Help

MAIN ALGORITHM

For each pisel

SCREEM Farm primary ray

Find clozest interzection
[f interzect something

Shade [DEFTH+1, final]
Fut final shade in pixel

EYE

\WE [DEPTH, RTHSHADE)

Form shadow ray
Find interzection
[f reflective

Form reflect ray

Find clozest interzsect

Shade [DEPTH+1, REFLSHADE)
[f tranzparent

Form refract rap

Find clozest intersect

Shade [DEPTH+1, REFRSHADE)]
Compute rihzhade

auT0 | cless |




Demonstracao

(€5 0RO IAE [ -5 %

 Move % Trace  Help

L MAIN ALGORITHM

For each piael
SCREEM Fprm primar_l,l.ra_l,l .
Find clogest intersection
M [f intersect zomething
Shade [DEPTH+1, final)
H Pt final shade in pikel

EYE

I SHADE [DEFTH. RTHSHADE]

= Farm shadow ray
Find intersection
If reflective

Faorm reflect rap

Find clogest intersect

Shade [DEPTH+1, REFLSHADE]
[ tranizparent

Form refract ray

Find clogest intersect

Shade [DEPTH+1, REFRSHADE]
Compute rtnzhade

2010 | CLEAR |




Demonstracao 0eoo

[¢-2 QLA AGIIFH-E EEE

i~ Move & Trace © Help

MAIN ALGORITHM

Far gach pisel
SCREEM Fprm primar_l,l. ray _
Find closest intersection
M If intersect something
Shade [DEFTH+1, final)
H Put final shade in pixel

EYE

I SHADE [DEFTH. RTHSHADE)

= Farrm shadow rap
Find intergection
I reflective

Farrn reflect ray

Find closest intersect

Shade [DEPTH+1, REFLSHALDE]
I tranzparent

Farm refract rap

Find closest intersect

Shade [DEPTH+1, REFRSHADE]
Compute rthehade

auT0 | CLEAR |




Demonstracao 0eoo

[¢-2 QLA AGIIFH-E EEE

= Move ™ Trace © Help

MAIM ALGORITHM

Far gach pixel

SCREEM Form primary ray
Find clozest interzection

M [fintersect something
Shade [DEPTH+1. final]
M Put final shade in piael

EYE

I SHADE [DEFTH. RTHSHADE]

= Farm shadow rap
Find intergection
I reflective

Farrn reflect ray

Find closest intersect

Shade [DEPTH+1, REFLSHADE]
[f trarzparent

Faorm refract rap

Find closest intersect

Shade [DEPTH+1, REFRSHADE]
Compute rtnzhade

auT0 | cLesR |




Demonstracao
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™ Move

% Trace 1 Help

SCREEM

MAIM ALGORITHM

For each pixel
Form primary ray
Find clozest interzection
If interzect zomething
Shade [DEPTH+1, final)
Put final shade in pisel

EYE

SHADE [DEPTH, RTHSHADE]

Form zhadow ray
Find interzection
[F reflective

Form reflect ray

Find clozest interzect

e {BEFTH+T, REFLSHADE]

[f tranzparent

Form refract ray

Find clozest intersect

Shade [DEPTH+1, REFRSHADE]
Compute rthzhade

auT0 | cLEAR |




Demonstracao 0eoo

(€5 0RO IAE [ -5 %

" Move O Trace © Help

L MAIN ALGORITHM

For each pisel
SCREEM Fprm primar_l,l.ra_lrl _
Find clogest intersection
M If intersect zomething
Shade [DEPTH+1, final]
M Fut final shade in pixel

EYE

I SHADE [DEPTH. RTHSHADE)

= Farm shadow ray
Find interzection
[f reflective

Form reflect ray

Find clozest intersect

Shade [DEPTH+1, REFLSHADE)
[ tranzparent

Form refract rayp

Find clogest intersect

Shade [DEFTH+1. REFRSHADE)]
Compute rtnzhade
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