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Redbook: Capitulo 3
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Transformacdes Projetivas  ucaw

Projetar modelos
geomeétricos 3D numa
imagem 2D, exibivel
em dispositivos de
saida 2D
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AplicacOes

Taxonomia de projecdes

Modelo Geométrico de Projecdes
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ProjecOes Paralelas éﬁé
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Retas e Obliquas

Direction of
Frojectors Diirection of
Projectors
Ortograficas/Axonométricas Obliquas
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@ Projecdes Paralelas "

Desenhos técnicos: preserva a relacdo das medidas

Projecbes
Paralelas
Ortograficas
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Projecdes Paralelas e
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Projecbes Paralelas Axonométricas percepcao de
profundidade
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Isométricas Dimétricas 'z
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ProjecOes Paralelas Y
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Projecdo Paralela Obliqua Cavalier : “Vista Aérea”
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“Vista Perspectiva” dos Moveis:
Projecéo Paralela Obliqua Cabinet
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Cavalier e Cabinet
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Cavalier Cabine
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UNICAMP

Geometria Perspectiva
(Deséargues, Pascal, Monge)

Linhas paralelas podem se cruzar em um ponto!
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Projecoes Perspectivas

Um ponto de fuga

Actual vi d edges
- = = - Hidden edges
Guidelines
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Exemplos
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The Piazza of St. Mark, Venice) de

Trinity with the Virgin, St. John and Canaletto em 1735-45
Donors) de Masaccio em 1427
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Projecdes Perspectivas "
Dois pontos de fuga Hisame
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Trés

pontos de fuga
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Projecdes Perspectivas ol
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City Night de Georgia
O'Keefe em 1926

€eC Taxonomia V2.

UNICAMP

Projecbes Planas
- \

Paralelas Perspectivas

1
I |

Ortograficag | Axonométricag | Obliquas {' .
: s

45° Cavalier | 63.4° Cabinet |

T 1ponto de
Trimétricas| J fuga
] 2 pontos
Dimétricas de fuga
J i ~. | 3pontos
Isométricas | de fuga
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With a Camera

With a Computer

tripod

viewing

4

positioning the viewing velume
in the warld

mogel

maodeling

positioning the models
in thé warld

projection

4

determining shape of viewing volume

viewport
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Y
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Geracao de
Imagens

EEC

With a Camera

With a Computer

tripod

viewing

4

positioning the viewing velume
in the warld

mogel

maodeling

positioning the models
in the warld

projection

4

determining shape of viewing volume

viewport
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Modelo da
Camera
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Espaco do Dispositivo
Aspect ratio (relagéo de aspecto) = W/H

Espaco Normalizado

___________________ O
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~o \\\\\\\\\ .’.,.,.‘A,.l"- Viewport
/ Profundidade:[0,-1]

Volume candnico
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0 0 0 1
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Projecéao Paralela

Modelo Geométrico de Projecdes Paralelas

Y
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UNICAMP

100 io Linhas paralelas
0 1 0,0 I —— S
0 0 010
0 0 01
zerar a coordenada z! Z=0

Centro de projecao

Plano de projecéo

no infinito

Vol Canoni
(right top, nasr)
/ {right top far}
A
d
Parspective View Voluma Cwthagraphic View Volume
Parapeciiva Orthographic
Projaction Prajection
y
111 :/
+=1-1-1)
z L
x
iewpar:
Trans formation
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UNICAMP
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@ Transformacdo em Candnico %, &
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1 00O 2/(r-I) O 0 0
Esquerda () ¥ 0100 0 2/(t-b) O 0
Y Topoy [0 0-10 0 0 2/(n-f) O
(+1,+1,41) 0 001 0 0 0 1
negativo -1-1.1) 1 00 -(r+|)/2
z= 0O 1 0 -(t+tb)/2
Tras (-f) \ Frente (-n) 8 8 g-) -(-n]-f)/z
Debaixo (b)
X 2/(r-) 0 0 ~(r+D/(r-1)
(Lrb,t,-n,-f) — (-1,1,-1,1,-1,1) 0 2/(t-b) 0O -(t+b)/(t-b)
0 0 -2/(f-n) -(f+n)/(f-n)
0 0 0 1
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@ Transformacdo em Candnico &, &

g

UNICAMP

-f=far

nf=0

(,rb,t,-n,f) —(-1,1,-1,1,-1,1)
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Volume Perspectivo Canénico uNICAMP
1.0 00 2n/(r-) 0 (r+)/(-) 0
01 00 |0 2n/(t-b) (t+b)/(t-b) 0
0 0 10 S2SShEg 0 -(+n)(f-n) -2fni(f-n)
0000 o o A 0
(1,1,2)

=
— 1]
(-1,-1,-1)
(1,-1,-1)
@ @ - R . \‘")’
Fee Transformag&o em Canonico 5 &
1° Passo: eixo OC = eixo z HNIGAME
Transformacéo de 3 vetores LI:
(1,0,0) Em notacdo matricial:

(0,1,0)
((r+1)/2,(t+b)/2,-n) [

00 1 0 (r+ly2
1 0FESh|o 1 (t+b)2
0 0 - 0 0 -n

+b)/2,-n)

(0,1,0) |

(0,0,-n) 5
/2 1 0 (r+l))2n ;0
. (th)/2 sh=0 1 (t+b)/2n | O
~“c=[0,0.n) 0 0 1 10
0O 0 O 1




feco Transformac&o em Canénico

2° Passo: base quadrada e altura igual ao lado

N
|

(|%

AN

(-n,-n,-n

—
2n/(r-) 0 0 0
o on/(t-b) 0 0
S1= | 0 1 0
0 0 0 1

Y
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UNICAMP
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feco Transformacdo em Candnico

3° Passo: trapezoedro em paralelepipedo

A ser feito em 2 sub-passos ...

Y
a¥

UNICAMP
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@ Geometria das Projecoes v,

3.a. Alargar o volume em eixo z (de (f-n) para (f+n) )

4‘\'

UNICAMP

1 000|110 o 0
s=|0 100(0 1 0 0
10 01 nl[l0 O (f+n)/(f-n) O
0 001Jl0 0 O 1
i
I 1 000
f nI 0 100 _
(-n) : e t’ d _ 0O 01 n| "~
en o |[de projecpo
) o projecp 0 001
T 10 0 0
Plano de prOJegao 01 0 0
0 0 (f+n)/(f-n) 2fn/(f-n)
0 0 O 1

de€e> Geometria das Projecbes  5.&
3.b. Projecdes Perspectivas = Semelhanca de Triangu  los

X/Xp =z/-d 1 0 O ! 0

o (XY yly, = zl-d |
) (XpyP ? z/zz =z/d Per = 01 010
e g 0 0 110
S~z T | e I—=—
= 0 0-1/d0

' Centro de projegao

Plano de projecao

Se d=1, entdo z,= -zlz = -1!
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e Transformagdo em Candnico %_8&

Volume Perspectivo Canénico uNICAMP

1000 2n/(r-) 0 (r+)/(r-l) 0
01 00 _lo 2ni(t-b) (t+b)/(t-b) O
0 0 10 S2SShEg 0 -(+n)(f-n) -2fni(f-n)
0000 o o A 0

(1,1,2)

—_—1
— (1-11)
(1,-1,-1)
€ : AW

cec Propriedades S
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Projegdes Paralelas —tinhas paralelas em linhas  paralelas
Projecdes Perspectivas —Linhas paralelasem li  nhas convergentes

Colinearidade é preservada?

Pt = (1-t)P, +tP,

ay 85p 843 Ay Xy Xz
M[(1-t)P; + tP,]=| 321 822 825 24| | (1) | Y1| ¢ |Y2
z

A(t) = <m+a42 Y1+843Z1+8,0) HH (@41 X1y, Yot 837yt

Q31 Az Az Agy 1 Z;
Q1 Qgp A3 Ayy 1 1

(1-1) (@ X +ay, YotaysZ+a)+i(a Xo+ay, Yo+a 3Z,+a,)
(1-1) (apgX1+ap, Y1832 +854) (B Xp+85, Yot 8325+ 804)
(1-t) (agyXg+agy Yy +823Z1+84)+(Ba1 Xo+83, Yo +8357,+85,)

(X1 +ay, yi+aysz,+ay,)

O1/a) [(14) (B21%+80p Y1H83Z1+850) | 4+ ¢ | (BoaXot@2p Vo+8p3Zp%a04)

(@ Xo+ay, Yotagszo+ay,) J

(ag1X1+ag, Y1+a33Z1+a3,) (Bg1Xptag, YotassZytas,)
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LA Propriedades é‘{é

Coplanaridade é preservada? uNIcAMP
P(t)=aP, + B P, + yP,

ay 85p 843 Ay Xy Xz X3
—| a a a a
M[oP, + B Py + yPg]=| %21 822 825 %a) ) | Yol g Y2y | Vs
Q31 Az Az Agy Z Z; Z3
Q41 842 43 Ay 1 1 1

A (ayyXg+ago YitaaZitags)t BayXotas, Yo+ sZ,+a ) + V(@ Xgtay, YatasZatay,)

— | O (@a1Xgtay, Y1t8,57;+any)t BBy Xotan, YotassZytay,) + V(81 Xatay, YatassZstay,)
0(ag;X;+83; V1+83025 4800+ B(AgyXotasy Yok BsaZotaa,) + Y(AgsXa+a5, Vat+83373+83,)

841Xy 84 Y1+843Z1+840)F B(BarXo8sp Yot AusZotass) + V(a1 Xe+asp YataysZgta

~
ayXgtag, yytagsZitag, aXptay, YotajsZytay, Ay Xgtay, YatagZztay,
=1/A | o 320Xt 822 V11853214804 || o B XotBsp Yot8r3Z,4 85| 1801 X3H8g; Ya+BgaZatay,
AgXy+az, Y1tassZ tag, Az Xptaz; YotassZytas, Az Xgtasz, YatazaZztas,
1 1 1
_
-
€ec Modelo de Camera S
¢ N
UNICAMP

Formulacédo Algébrica: Trés Casos

»Plano de projecao tem o vetor normal na direcao
do eixo z e 0 centro de projecao sobre 0 eixo z.
»Plano de projecao tem o vetor normal na direcao
do eixo z e 0 centro de projecao arbitrariamente
posicionado.

»Tanto o plano quanto o centro séo arbitrariamente
posicionados no espaco.

]
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Plano e Centro de Projecéo

VUP (up): view up vector

VRP (center): view reference point
PRP (eye): projection reference point
dop (PRP-VRP): direction of projection

z
e @ - “"
feeo Transformagéo de Espagos .8
E N

BP = (TB)P =B(TP)

matriz-identidade
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feco Transformacéo de Espacos € &
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Espaco do Mundo Espaco da Camera

VUP: view up vector
VRP: view reference point
VPN: view plane normal = (PRP-VRP)
PRP: projection reference point
dop: direction of projection = (-VPN)

vur”

/\ T = ppt

Ha como evitar inversdo de matriz?

de€> Transformacdo de Espacos V&,

= 4
(2) (U,v,n) em vetores base
ortonormais

VPN

[veN|
VUP x i

—

UP x ii|

Sv
I

ch
I
<

Xu

<v
I

(1) VRP na origem

[

0 0 -VRP,
1 0 -VRP,
0 1 -VRP,
00 1

D=

([oNeNe)

< c' SV
x

X
>

<
N
R o©Oo

O >
o
os5 < c
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€eC Campo de Abertura A

Y
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Outro Modelo de Camera

near

4 &
/

fovy (field of view) = campo de abertura em angulo
tg(®/2) = h/2*near
w = aspect * h

EcC Y

Modelo de Camera '

Plano e Centro de Projecéo

VUP (up): view up vector
VRP (center): view reference point

VPN (n): view plane normal

PRP (eye): projection reference point voup .
CW: centro de janela f

dop (PRP-CW): direction of projection 4

eye

dop e VPN séao distintos!

™1
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______________________

Obliqua Ortografica

dec>  cisalhamento de Espacos él'\'é

Paralelas NICA
Raios Paralelos ¢

do \
ree—00 4 oy

Raios Obliquos

p CW T l

do
o 00 | T

PRP’

AT

(-dopy,-dop,,-dop,)

'dopx 0 1
0

POOR
R OFOo
1
o
o
o

N

o
— OkF o
O Oo

1 1 1

0 '(dOpx/dOpz)
1 -(dop,/dop,)
0 1
0 0

||—‘OOO P OO

[N ool
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deee> Transformacoes Projetivas &%,
¥

Paralelas UNICAMB

Ortografica

" 1 ......... SR

/ ' H

4
""""" i1
1 ‘0

beneeees _, Normalizado

dec>  cisalhamento de Espacos &Y%

a¥
Paralelas

UNICAMP

Raios Obliquos

VRP': view reference point in VRC
PRP’: projection reference point in VRC cw
dop: direction of projection

Raios Paralelos

dop
CW: center of window <
PRP’./
PRP’
do
P Cw

dop = CW - PRP’
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decz> Cisalhamento de Espagos &V,

_ Y
Perspectivas UnicamE

Mundo Camera

decz> Cisalhamento de Espagos &V,

Perspectivas .

H Ve . UNICAMP
Raios Obliquos Raios Paralelos

-dop, O 1 0 0 O
-dop, 0| ., |0 1 0 O
-dop, O 0O 0 1 O
1 1 1 1 1
1 0 -(dop,/dop,) O
Sh= |0 1 -(dopy/dop,) O
0 0 1 0
0 O 0 1]

25



deee> Transformacoes Projetivas &%,
¥

Perspectivas UNICAMP

k Volume reto

N
S

Volume normalizado
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