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Transformacoes Geometricas

Modificacao sobre os
dados geométricos
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Transformacoes Afins

Transformacoes = fungdes f entre dois espacgos
vetoriais V e W que preservam as operacoes de

adicao vetorial e multiplicacdo por escalar do
conjunto K

-V oW
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N

Afins = lineares + deslocamento
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Transformacgoes Afins

Transformacoes = fungdes f entre dois espacgos
vetoriais V e W que preservam as operacoes de
adicao vetorial e multiplicacdo por escalar do
conjunto K
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Afins = lineares + deslocamento
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Transformacoes Afins

A
A g P B’ No mesmo referencial
o
D C
V=W
.. A B ‘Wl
Mudanca de referenciais -

C v
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Transformacoes Afins

A
A B D’ B No mesmo referencial
.
D C
V=W

Mudanca de referenciais

C v
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Transformacoes Lineares

Lineares= satisfazem a relacao
f(ap+pq) = af(p)+Bf(q), Up,q UV e Ua,pUK

Reflexao

c Pontos
[AX B, CX] L[A’X B, C’ﬂ
Ay By Cy A’y B,y C,y

\Vetores: diferenca de 2 pontos

, . [ax b, CXJ f [a’x b, c’XJ
X ay by Cy ay by Cy
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Transformacoes Lineares
Rotacao

e
)
N
\-\.
o
/\ Em torno da origem!!!!
z

-
I
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Transformacaoes Lineares
Notac&do Matricial

cos® -sen® O _
R,(0)=|sen® <cos® 0 Em torno da origem!!!!
0 0 1

1 0 0
Ry(@©)=| 0O cosB -senB
O senB6 cos®

cos 0 0O senb
R, ®=| 0 1 0
-sen 0 0O cosb6
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Transformacoes Lineares

Mudanca de Escala
y (S%.5,¥:S:2)

—
T

Como se pode evitar deslocamentos?
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By

Transformacaoes Lineares
Notac&do Matricial

Uniforme Nao-Uniforme
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Transformacoes Lineares
Cisalhamento ( Shearing)

xemrelacdoayez yemrelacdoaxe z zemrelacdoaxey

Grafico das funcdes de
cisalhamento passam pela
EA978 — 252008 - Ting origem!!!!

Transformacaoes Lineares
Notac&do Matricial

1 0 Ax/Az
Sh,=1| 0 1 AylAz
0 0 1
1 0 0
Sh, = | Ay/Ax 1 0
Az/IAx O 1
1 AxiAy O
Shy=| 0 1 0
0 Azlay 1
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Transformacoes Afins

Transformacoes = funcgdes f entre dois espacgos
vetoriais V e W que preservam as operacoes de
adicao vetorial e multiplicac&o por escalar do
conjunto K
VoW

Afins = lineares + deslocamento

Reflexdes
Rotacédo
Mudanca de escala
Cisalhamento
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Deslocamentos
Translacbes

(u.+a,,y+b,w+c}
L
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Translacoes
Notacao Matricial

Tr=

=N X
|

O OOk

[eoNeNoly

[oNeN )

OOoOr o

OFrr OO

OoOr OO

0O T

0O To
= N< X

Transformacgoes Afins
Notac&do Matricial

Transformagéo Linear

N\

.;L‘ -(.I-H (112
Y| |0 Gy
A (31 Q3
1 0 0

32 0331034

Translagao

e

(113 | (4
|
(g3 1 (g

=
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als

Y

-ﬂ-u a2 a flm'

g1 (o2 Qgg Gy

(31 G3p (g3 (3

000 0 1|

Coordenadas Homogéneas = pontos R" representados por (n+1) escalares
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Coordenadas Homogéneas

(X’y’Z’W)

Ponto

(x/w,y/w,z/w,1), ou seja, projecdo
de (x,y,z,w), sobre o plano w=1
com centro de projecao na
origem.

Vetor

“diferenca” de 2 pontos
homogeneizados > Quarta
coordenada(w) € nula

lim (x/w,y/w,z/w,w/w) = (c0,00,00,1)

W->0

na direcao (X,y,2)
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Coordenadas Homogéneas
Plano Afim

affine
plane P

ideal point ideal line
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Transformacgoes Afins
Notac&do Matricial

N X

P N < X
=
=
=

1 MsMM,

PN X

BN X

Concatenacédo de matrizes
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Propriedades de Matrizes

»Multiplicacao:
»Nem sempre vale a comutatividade
»Associatividade ((AB)C = A(BC))
»Nem sempre vale o cancelamento (AC=BC néo implica
em A=B)
»Transposta: as linhas se transformam em colunas
>(AYt=A
»>(A+B)t = At + Bt
> (AB)! = BtA!
»Matrizes com propriedades especiais
»Matriz identidade I: IA=A
»Matriz inversa: AA1 = ATA = |
»Matriz ortonormal; A1 = At
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Dois Exemplos

4 {

1-Fotate

Anslate

P =T.(RP)=(TR).P P =R(T.P)=(R.T).P
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Transformacoes Inversas
J'\ ’[’\

e

PP=T(RP)=(TR).P  P'=R.(TP)=(R.T).P
(TRy*P' =P RT)LP' =P
RIT1P' =P TIRIP =P

\
w Matrizes inversas
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Vetores Normais

Em superficie suave, pode-se definir localmente um plano
tangente a cada ponto. O vetor normal deste plano
coincide com o vetor normal da superficie neste ponto P.

Antes da transformacédo T:
N(P,-P) =0

Apés a transformacédo T
N'(TP,-TP)=0

N(P,-P) = N'T(P¢-P)
N=NT

Plano tangente
NT1 =N’

Se for deslocamento d:
N'(Py+d — (P+d)) = N(P,-P) =0
N'=N

EA978 — 252008 - Ting N e N’ em vetor-linha!

Funcdes Analiticas

Equacdo de um segmento
Transformacéo linear:
A-t) T P, +tT P, = T, [(A-)P; +tP,] =T P(t)
Translacao:
(1-t) (P,+d) + t(P,+d) = (1-t)P, + tP, + (1+t-t)d = P(t)+d
Equacao de uma curva de Bézier
P(t) =2 B,(t) P;
Transformacéo linear:
2 Byi(1) (TLPy) = TU(Z B, i(t) Py) = T P(H)
Translacao:
2By (1) (Pi+d) = 2B i(t) Pi+ 2B, () d=P(t) +d
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Transformacoes Afins

A
A B D B No mesmo referencial
C
D C
V=W
Mudanca de referenciais A B ]Wl
=reposicionamento do objeto '
sreferencial mais conveniente '\/
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Mudanca de Referenciais
Referencial mais Conveniente

Transformacéo de Base

A B
Tw, w,|= |V, V v
[xy][xy] Wy\y W,
D C

[all alzJ [’x,x Vy,x}{wx,x WW} -1 |
Ay Ay - Vey Vyy Wyy Wy P’ = T P 9 P’ = BV B\N']-P

EA978 — 252008 - Ting

27/8/2008

13



Mudanca de Referenciais
Reposicionamento de Objetos

P'=TP
T=PPY, B
se P forinversivel wl v
y y
WX
. D c
“Transformacéo de Base” Vx

(wy Wy] = T(v, Vy]

1 - 1
all a12 Wx,x Wy,x Vx,x Vy,x T - BWBV
Ay 8y Wiy Wyy) Vxy Vyy
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Exemplo

rOoOOoRr
P OR R
R, ORrROo
= oo
P BhoR
N S
N o)

N 5
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w
&’?——) =
9 go!
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=P oo
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R OoOr O
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-1
100 -1 -1
Vs 010-1 1 0
001 1 1 1
000
- 1
P'=B,B,*P
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Vg Vs
01 100110
B, P_00110011
Vs Va “lo 0o 00 - -1-1-1
111 1 11 11
- L
v v B, 02 2002 2 0
° ! 2000 p=|0 022002 2
020 0 /000 0-1-1-1-1
001 0 1111 111 1
000
P’:BZBl'lP
With a Camera With a Computer

Exemplo

Geracao de

Imagens

triped

viewing

%

positioning the viewing wolume
in the world

modeling

positioning the models
in the warld

projection

bl

determining shape of viewing velume

photograph

viewport

&
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Exemplo

Referencial da Camera

Referencial Normalizado

Referencial da Janela

With a Camera

With a Computer

triped

viewing

%

positioning the viewing wolume
in the world

modeling

positioning the models
in the warld

projection

bl

determining shape of viewing velume

photograph

viewport

&

Referencial da Camera

VUP (up): view up vector
VRP: view reference point
VPN (n): view plane normal

Referéncia
Canbnica:
(1,0,0)

(0,0,1)
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Referencial da Camera:

u =VUP x n/[VUP x n|

nxu

n = VPN/|VPN|

27/8/2008
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. v

0 -VRP,
0 -VRP,
1 -VRP,
0o 1

oNel o)

=17

(et

<y

Referencial da Camera

(2) (u,v,n) em vetores base
ortonormais

VPN
[veN|

VUP x n
‘\Elsxﬁ|
X U

X

<
N

< £ Sy
S £

<
>
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N
POoOCo

oS
o
o5 < ¢c
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P —

=

Referencial da Janela

Normalizado

Espago do Dispositivo

Aspect ratio (relacdo de aspecto) = W/H

RCSEVE

=T |

=N

Viewport

Profundidade:[0,-1]
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Referencial da Janela

1 00x|1 0 00 |W/20 0O O
y 01 0y||lO1 00]}0 H2 0 0
4 0O 010{00-10(0 o0 1/2 0
™
(HW.y+H. 1) O 0001|0001 (|0 o0 0 1
(x.y.0) 1 00 1
£~ 0 10 1] -
0 01 1
0O 00 1
X W2 0 0  W/2+x
(-1,1,-1,1,-1,1) —> (X,x+W,y,y+H,0,1) 0 H2 0 H/2+y
0 0 -1/2 1/2
, 0 0 0 1
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OpenGL
Pilha de Matrizes de Transformacdo =~ MODELVIEW
PROJECTION
glTranslate
dy a4 ag ay g:got?te
glScale
& 8 3 I glMultMatrix
dz g dyp Ayq glFrustum
d; 4y an A glOrtho
glViewport
fahcd
e glPopMatrix
glPushMatrix ’:;»Eg == ‘
TTkl
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