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Consideracoes Gerais

Objetivo: Discutir os principais conceitos eos
principios basicos dos Sstemas Graficos e a
Programacéo em OpenGL.

A guem se destina : Alunos e Profissionais que
desgem aprofundar seus conhecimentos sobre
Computacdo Grafica e suas aplicagoes.
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Bibliografia OpenGL

OpenGL® Programming Guide, 2nd Edition.
Mason Woo, Jackie Neider, Tom Davis.
Addison Wesley.
http://www.lcqg.ufrj.br/redbook
Manual de referéncia online
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Ementa

I ntroducdo ao OpenGL
Geometria

Exemplos de Transformagdes 2D
Formulas e calculos das transformacdes 2D
Usando matriz de transformacéo (por que?)
Coordenadas Homogéneas
Concatenacéao de transformacgdes
Transformacgdes 3D

Projecbes
Histérico
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Paradigma dos
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Transformagdes Geométricas

Espacos | .| Goometria |[—=| Relacoes

Cperacoes

1
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CG - C0023

Transformacoes

Geométricas
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Exemplos de Transformagoes 2D

Translacao
Escala
uniforme
nao uniforme
Rebatimento por um eixo (espelhamento)
Troca de eixos
Rotacéo pela origem
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Translacao

Trandation of a point is simply vector addition

P _ -2

ERERE
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Escaa

Scaling about the origin is scalar multiplication

A

(I

% P,=P *2
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Rebatimento por um eixo
(espelhamento)
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Trocade Eixos

X=y
y=X
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Rotacao pela Origem

X = X.c0sq - y.senq

y = Xxsenqg+ y.cosq
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Por que usar Matriz nas
Transformacoes?

Todas as transformacgdes podem ser efetuadas
através da multiplicacado de matrizes (usando
coordenadas homogéneas).

As transformagdes podem ser aninhadas e
resolvidas de modo a haver apenas uma matriz de
multiplicacéo a ser aplicada.

A caracteristica descrita acima se torna muito
importante quando a mesma seqiéncia de
transformacdes deve ser aplicada para diversos
pontos.
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Multiplicacdo de Matrizes

[ Y en enlY «tZ
o))
O

et ] enl el end
X

MD: D>MD> (D~
X

]
MD: D>MD> (D~
MD: D>MD> (D~
[ Y en enlY «tZ

<
o
o
<

onde:
X=ax+by

y=cx+dy
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Uniform Scaling

o
)
3
8

Non-uniform Scaling

Note orientation shift in line
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Non-uniform Scaling

Reducéo (0< 5, <1) ,
Aumento (s, >1)

Ik
B
|

Flip an Axis...

/

L
e

What does this do to appearance of objects?

G & (

ismael@tecgraf.puc+io.br
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Swap Axes

{L«

YL 01
%x élo

M

n

Rotate by g

M=RP,R= gOS(Q)

4FL
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-sn(Q)y . &Xp
sn(q)  cos(q)H i é y E
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Transformacgdes Geomeétricas (Translacéo)

y
P ()-C) )
P = = +
/ t y y L,
P t = ( g
t,
t >
X
X i} ? ? % — N&o pode ser
y 2 ? y escrito na forma
X\ 1 ol (¥, t, ~ Rimpara
y ) 0 1 t, implementacéo
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V antagens das coordenadas homogéneas
(Trandacéo)

Y
' o\tb/
w=1 )Z

[T]

Matrizde Translagéo

April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br 24

12



Coordenadas homogéneas

Xh pril 05
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Vantagens das coordenadas homogéneas (pontos
no infinito)

April 05

?
?
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infinito
na
direcéo
(2,3)
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V antagens das coordenadas homogéneas
(pontos no infinito, exempl o)

3 0 -2
0 1 O

y
1 0 O q

X o

infinito

[N
o
N
r
e =
"
= =
—
= O W
o o
N
I

= O W
o r O
=
il
N
SO » O

3
0 1 0 1 0
0 0 L 0
[ 27027 2] 3 2112 4 2
0 g H 0 0 2(=l2=11]| ©
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Efeito de profundidade

X

\ /

-< -<
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Simplificacdo daprojecéo conica

Projegdo conica

Projegdo ortogréfica

eye plano de projegéo

Vee

/|

direcéo de projecao

April 05
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Concatenagao

y
5 > 1 >
| % X | % X
€ 0 -x0
a é u
U B 8 o u
00 1Y & 1 Y%a
y y & o0 1§
écosa - sina 0U
é . as~_a
aésina cosa 00 S
g 0 0 1§ s
° > —_ S >
X X
Ix' €1 0 xoUécosa - sina O0U€L 0 - xUixU
T é ueé . ué ai i
iyy=e80 1 yggesina cosa 03ed 1 - yoaivy
}1p 8 0 148 O 0 1480 o 1 gl1p
April 05
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Concatenacéo de Transformagtes

o <

y A J’Tl ) y A TTZ

4

> <

-

x N
| P=T,R,ER,T,P
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Composicao com sistema local/movel

% \
Y Y P2: k
X T X, Y,
p= P,= 5
o Y > Y1
> SRR -
X X X
|P=TPeP,=RP,| b P,=RTP

P=RP eP,=T P,p P,=RTR1RP ou |P,=RTP
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Geometria Projetivae

Coordenadas Homogéneas em 3D

< EHSEX

m, m, m, m, X
m, m, m, m, y
m, m, m, m, z
m, m, m, m, 1

g
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Transformactes em 3D (trandacoes e escalas)

y

X 1 0 0 t,

y 0 1 0 t

X z| | o 0 1 t,

z 1 0 0 o | 1
X S 0 0 0

y 0 S, 0 0

z | 0 0 S, 0

1 0 0 o | 1
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P N < X

RN < X
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Transformagtes em 3D (Rotacoes)
X 1 o0 0 o |[x]
y _ 0 cosq, -sen a, 0 y
z 0 sengq, cos(q 0 z
L1 | L O 0 0 1 JLl1]
X cosq, 0 sen q, 0 X
y 0 1 0 0 y
Z| | -sen q 0 cosq 0 z
L1 ] Y 0 0 1 JL1]
X 0SG,  -sengq, 0 0 [ x ]
Y| _|seng,  cosq, 0 0 y
z | 0 0 1 0 z
L1 L 0 0 0 1 fl1
April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.pucio.br k3
Transformagtes em 3D
(rotacdo em torno de um eixo qualquer)
X m11 m12 m13 0 X
Yy _ Ma1 My, Mys 0 y
z | ms, m, my O z
z 1 0 0 0 1 1
V= (V, V, V.
(o, 12 my = Vv,2 +cosq (1-v,2)
My = Vyy,(L-cosg ) -v,5en g
> Mz = VZVX(].-COSCI )+ vysenq
y My = VXVy(l-COg:] ) +v,senq
My = V2 + cosq (1-%,9)
X My = VyVZ(l-COSC] ) -\senq
My = VY, (1-c05q ) - vy senq
My, = vy (1-Cosq )+ Vs8N q
My = V2 + cosq (1-v2)
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CG - C0023

Projecoes
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ProjecOes Planas Conicas

=

® néo preserva angulos

April 05
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ProjecOes Planas Paralelas

% B

® pouco realista

© preservaparaleismo
© possui escala conhecida

April 05

<

Classificacéo das projecoes planas

Paralelas
ortograficas
plantas
elevacdes
iso-métrica
obliquas
cavaleiras
cabinet
Conicas
1 pto de fuga
2 ptos de fuga
3 ptos de fuga

April 05

dp//n

dp ndo é paralelaan
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ProjecOes de um cubo

* Paralelas
1
1
1/2 1
1
1
a |V 2
Z:ic;z;u iso-métrica Cabinete Cavaleira
(a=45 ou 90) (a=45 ou 90)
* Cdnicas
1 pto de fuga 2 ptos de fuga
April 05

Projecéo planaéuma
transformacao linear?

Ou sga
T(P+Q) =T(P)+T(Q) e
T@P)=aT(P)?

plano de

rojecao
bov), 1 2(v,) Proes

LCP s

cp
Projecdes conicas nédo séo TL,
April 05 paralelas podem ser.
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Projecao planaparalelaéuma
transformacéo linear?

T(P+Q) =T(P)I+T(Q) ?

retas paralelas
projetam em paralelas

Projecdo paralelaem plano que passa
pelaorigem é uma transformagéo linear

April 05

Matrizes de projecOes Cavaleras e
Cabinetes

Y " Ay

Or1,1.0)

A3 A2

T(1,0,0) = (1,0) 1 0 -k.cos(a)

T(0,1,0) = (0,1) ]
0 1 -k.sin(a)
T(0,0,1) = (-k cosa,-k sina)

April 05
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Matrizes de projecoes pseudo-

|someétricas

X

i M
— i
a1
i . 2
£k K E
V4
A3 A?
T(1,0,0) = (cos 30 ,-sin 30) cos30 0 -co0s30
T(0,1,0) = (0,1) M =
T(0,0,1) = (-cos 30, -sin 30) -sin30 1 -sin30
April 05
Projecdo conica simples
29
P = g Ve +
Ye €25
« =y
&Xp 0
% P, =y, +
Xe & 4
X -1 Yo _ A
Y % Yo -Z,
d
d Yo = — Ve
Xp = —Z—- Xe T p -Z,
d
I
April 05 Z. Prof.X@maeI H. F. Santos - ismaeld{écgraf.pu {io.br 46
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Projecao conica simples

Ye

April 05

d
X = = Xo
d
? % =5
Xe
z =-d
X, d 0 0 O Xq d x, (dl-z) x,
Yo |0 d 0 0 |}y dye | [(d-z) Ve
z| |0 0 d 0|z dz, |~ -d
1 0 0 -1 olJl1 e 1
w - W
Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br 47

Simplificacéo da projecdo conica

Projegdo conica

plano de projecdo

April 05

direcéo de projecao

Projecéo ortogréfica

/|

Vee

plano de projecdo
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Distorce o frustum devisao parao
espaco datela

[P1=

~ ®» o o
o T O O

o O O oS
o o - o

— Oz

Xe

. /
Z=-n z,=-f
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Ptos no near (z=-n): = b
b E n=a + —
n
z,=a - —
z b
Ptos no far (z=-f): - f=a + T
> 1a ="f+n
|
b =1 xn
n 0 0 0
[ P] = 0 n 0 0
0 0 n+f nef
0 0 il 0
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Translada o paralelepipedo de
VISa0 paraorigem

ZJ% "~ /

Xeo i I 10 0 (D)2
I 0 1 0 -(t+b)2
: (ri= 0 o 0 S
(F+n)/2
0 0 o 1
— (thyz  — Yo o
A
-(t-b)/2 , /
<A
(2~ Re ~
(rd)/2 (fn)/2 ~(f-n)/2
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Escala o paralelepipedo de visio no
cubO [-1,2]x[-1,2]x[-1,1]
(thy2 — Ye y
~(t-b)/2 o /
-(r-h2 |~ Re ~
(rd)r2 (fn)/2 -(f-n)/2
near far 2(r) 0 0 0
_ 0 2/(t-b) 0 0
[S1= 0 0 -20(fn) 0
0 0 0 1
a Ya * . near
)
P ()
-1
far Xd
April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br 5
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Matriz Frustum do OpenGL

n 0 0 0
0 n 0 0
[P]=
0 0 ntf nef
0 0o -1 0
é2n r+1 u
gt 20 1eh ° g
¢ n + U
[STP]= a T-b  t-b v
1 0 0 (r+h)2 g o o (f+n) -2fng
0 1 0 -(t+b)/2 é f-n f-nu
[T]= g0 o 1 o {
0 0 1 +(f+n)/2
0 0o 0 1
2/(r-1) 0 0 0
0 2/(t-b) 0 0
[S]=
0 0 -2/(f-n) 0
0 0 0 1
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Projecao Conica (Frustum)
void gl Frustum( GLdoubl e I eft, GLdouble right,
GLdoubl e bottom, GLdouble top,
GLdoubl e near _, GLdouble far_ );
iew frustum
Z,
~ camera (eye)
Obs.. near efar sdo o
dlStéhClas( > 0) Plano de projecéo _\
£
o
LN
A ’
A ,
A ’
N\ ‘
M
-
April 05 Prof. Ismael H. F. Santos - isrzge@iec)éiaf.puc{io.br Ye 2 54
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Projecao Conica (Perspective)

void gl Perspective( G.double fovy, CGLdouble aspect,
GLdoubl e near_, GLdouble far_ );

I/'::————'A : O

April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.pucio.br

Matriz Ortho do OpenGL

1 0 0 (r+hy2
_ 0 1 0 -(t+b)/2
[T]=
0 0 1 +(f+n)2
0 0 o 1 OpenGL Spec
2/(r-1) 0 0 0 0
0 2/(t-b 0 0
[ = (t-b) 0
0 0 -2i(fn) ©
0 0 0 1
April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br
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Projecao Paralela (Ortho)

near
Ve top\ / far
B = (right top -
bottom
A
Xe
left
right A = (et bottom - near )

void gl Otho( GLdouble I eft, GLdouble right,

GLdoubl e bottom GLdoubl e top,
GLdoubl e near_, GLdouble far_ );

void gluOrtho2( CGLdouble | eft, G.double right,

GLdoubl e bottom GLdouble top );

April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.pucio.br

far )

Glu Look At

voi d gl uLookAt (GLdoubl e eyex, GLdouble eyey, GLdouble eyez,
CGLdoubl e centerx, GLdouble centery, G.double centerz,
GLdoubl e upx, GLdoubl e upy, GLdouble upz);

Dados: eye, ref, up (definem o sistema de coordenadas do olho)
Determine a matriz que leva do sistema de Coordenadas dos Objetos
para o sistema de Coordenadas do Olho

up
2“ eye
center
Coordenadasdos Objetos Coordenadasdo Olho

April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br
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Calculao sstema - X, Y,z

dados:
eye, center, up

| view = center - eye

| z, = —view/ ||[view]|

April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.pucio.br

Calculao sstema - X, Y.z,

Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br
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Translada o eye paraorigem

April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.pucio.br

61

Roda X, Ye Ze parax, y, z,

xexxeyxezo
[R]= |YeYer yag
Zox Zey Zez

0 01

Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br
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Matriz Look At do OpenGL

00-eye,
_ 010-eye,
o S

001

| 2. = —view/ |view|]

[RT]=?
Xe = (VUPx Z,) / ||lvup x Z|
Yo = Zo X Xe I
Xex Xy Xez 0
[R] = Yex Yoy Yez O
ZexZeyZe; O
0 01
April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br 63

Concatenacdo das transformagoes

TR
7 4@

a

—l Tz
/7

"1t =
\ /’(P/ /7~/ / [S]

Pun——
[
R

—
< o
>
TN
(O
~—

X e
April 05 Prof. Ismael H. F. Santofsarismael ‘ecgral.puc10.pr &4
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CG - C0023

Visualizacéo
OpenGL

April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br

Simplificacéo da projecdo conica

Projecéo conica

eye plano de projegdo

direcéo de projecao

Projegdo ortogréfica

e T —
/~~:

D

/|

Vea

April 05 Prof. Ismael H. F. Santo:

/ ismael @tecqrRANQHSProj ecéo

C

]
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Problemado clipping

n 0o 0 o0 1 N 1 00RO L 1
0 n 0 O 1 n 1 0 n 0 0 |1 n -1
0 0 n+f nef ni=1lm 1= 10 0 0 mf nef fip n2+2nf |~ {-n-2f
o 0 -1 o 1 n 1 0 -1 0 1 n 1
\ A
w
Ye :
A /)
[ — ]
. — A1 -
April 05 Xe Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br 67

Clipping em coordenadas homogéneas

, ——  top
(1) Yd A
1
1 q 0
. 2 e )_ bottom
/ S et

far right
x1 [left, right] -lEXEL 1Ex/WEL
y1 [bottom, top] -lEyEL -1E£y/WEL
z1 [near, far] -1E£z£1 -1£z/WwE1

April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br 63
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Clipping em coordenadas homogéneas

y A

LSS

>

OpenGL Spec

x1 [left, right]

S1EX/WEL

/| X, £ w,sew>0

Xp/w £ 1
\| X, 3 w,sew<0

Primitives are clipped to the clip velume. In clip coordinates. the view
volume s delined by

April 05

—we & = we
—we
—w,

Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br

Clipping em coordenadas homogéneas

YA xT [left, right]
— ,,ll,,, L lEX/WEL
X 1 X,-w =0
| . |
-1 1 @
Xp £ W
Al h
Xp £ -W
néo serve!
w< 0 V,V
(z>0)
X, 3 W
X3 -w
April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br I
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Equacao de um plano

N.P = Ax + By + Cz | N.P = N.(P,+D P)=N.P,=d

X

(N.DP = 0)

| d = Ax+By+Cz

| Ax+By+Cz+D=0

(A,B,C)=N

e

D =-d = N.(-P,)
April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br

71

Distancia de um ponto a um plano

X

| NP =Ax+By+Cr

N=(A,B,C)

| NP =N(P,+DP)

P=(x.y,2)

| NP=d+NDP

N.D P =Ax +By+CztD

y

April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br
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Intersecao de reta com plano

dy=|Ax + By, + Cz+D |

d=| A+ By, + Cz+D |

d, P, +d, P,

<

X April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br

Cdculo das distancias

I* Distance

* %

** Thisfunction computes and returnsthe distance between a

** point and a plane. Normal pointstoward out.

*/

double Distance(double x, doubley, double z, doublew, int plane)

switch( plane)

caseO: return(-w-x);
case l: return(-w + X );
case2: return(-w-y);
case3: return(-w+y);
cased: return(-w-z);
case5: return(-w +z);

}
return(0.0);
}

April 05 Prof. Ismael H. F. Santos - ismael@tecgraf.puc+io.br

74
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Transformagéo para o Viewport

void gl Viewort (Gint x0, Gint yo0,
G.sizei width, Gsizei height );

—

Xy= Yo+ W (xg-(-1)) /2
Y= Yo +h*(yg-(-1)) /2
2y =2yl 2+ 12

Yw

Yd%

q
4
X

d

April 05 Prof. Ismael H. F. Santos - |smael@quJgrLQ3u1—]lo.br

Transformagdes de um vértice

OpenGL Spec
Object Model-View Eye | Projection
Coordinates Matrix Coordinates Matrix Coordinates

Viewport Window,
Transformation

Coordinates

TFigure 2.6. Vertex transformation sequence,
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Modelo do Pintor
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Problemas na ordenacao de faces
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BSP trees. Binary Space Partion Trees
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Exibicdo de uma BSP

void bspDisplay(bspTree*tree) {

}

if (arvore ndo évazia) {

if (observador estaafrentedaraiz) {

bspDisplay(tree® backChild);
DisplayPolygon(tree® root);
bspDisplay(tree® frontChild);

}

else {
bspDisplay(tree® frontChild);
DisplayPolygon(tree® root);
bspDisplay(tree® backChild);

}

}

Mostraaarvore de
trés,araizeadrvore
da frente.

Mostraaarvore da
frente, araize aérvore
deatras
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BSP trees. Dois exemplos de exibicao
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ZBuffer: idéiabasica
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Rasterizacdo de Poligonos e Linhas
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ZBuffer - pseudo-codigo

void ZBuffer( void) {
int x,y;

for (x=0; x<w, x++) {
for (y=0;y<h; y++) {
WitePixel (x,y, bck_color);
WiteZ(x,y,0);

for (each primtive) {
for (each pixel in the projected primtive) {
double pz = z coordinate of the (x,y) pixel;
if (pz <= ReadZ(x,y)) {

— WitePixel (x,y, color);

WiteZ(x,y,pz);
}

}
}

} 1* Zbuffer */

voi d gl Enabl e( GL_DEPTH_TEST ) ; I
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