Computer Graphics

Z Sweedyk
Lecture7
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Graphics Pipeline

1. Build 2. Assemble 3. Project
Primitives Scene into 2D
(Model (World (Projected
Coordinates) Coordinates) Coordinates)
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2D Transformations

* Trandate
* Rotate
» Scde
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Scale
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Rotate
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Translate
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Scale, Rotate, Translate

®
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OpenGL Pipeline

Scale
(X ly) X 1[y)

AL
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Primitives Er??r;[:g\r/];d
defined by :
vertices dd'ned by
vertices
Rotate
(xy)
F

cosF -sinF xcod=ysn F,
Sl nF cos xsinF +ycosF
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Translate
(X+XoY+Y o)
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Linear Transformation

e F(x)islinearif
F(ax+by) = aF(x)+bF(y)

e Trandationby X, T(X) = x+Xisnot linear
T(st) = stt+x,
T(S)+T(t) = stt+2x,
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Scale, Rotate, Translate

M; Mg Mgp=p¢

cs155LecT 13

OpenGL Pipeline

Primitives Er?srlr;[: ';)\?st

defined by defined by

vertices .
vertices

A littletrick ...
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A littletrick ...
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A littletrick ...

<mmm \\/=0plane

A/ 4 =1 plane

cs155LecT 17

A littletrick ...

Thisisalinear
transformation!
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Translation

10X, — X+Xo
01y, y+YO
001
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Homogenous Coordinates

(xy) 4y xy.1)
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Scale

i+ 10 =[]
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Rotate

cosQ -sinQ 0 XcosQ-ysinQ
st cosQO xsinQ+ycosQ
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Order, order, order ...
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Order, order, order ...

me s

_—
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Order, order, order ...

(x%y9
e ¢
Mg \Y/

M1Mg(x,y)'=(xgy 9"
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Order, order, order ...

iﬂv) ‘ | s
Mg M+

M1 Mg(u,v)'=(ugvg'
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OpenGL Pipeline

Current
Transformation
(xy) Matrix (CTM) | (x¢y 9

In our examplethe CTM isMMg.
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Order, order, order ...

(ugv9

3D! [

PN X

]
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uv)
Model ‘C"ég;'d‘,‘ nates
coordinates :
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Build and Position
Model Coordinates World Coordinates
Current
Tranformation
Matrix
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Hierarchical Coordinates
(Cubist Galaxy)

» Sun: 100x100x100 cube centered at the
originand axis-digned

N

N
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Hierarchical Coordinates
(Cubist Galaxy)

« Earth: 10x10x10 cube; itscenter isinthe
X-z plane 10000 from origin. It rotates once
per day and revolves around the sun once

per year.
v@ X

z
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Hierarchical Coordinates
(Cubist Galaxy)

* You havealx1x1 cube.

* Describethetransforms necessary to
construct cubist galaxy.
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Hierarchical Coordinate

* The sun/earth isjust one solar system in the cubist
gaaxy which is centered at the universein
universe coordinates.

At the moment, the sun/earth liein the x-y plane at
an angle of j from the positive x axis. Thesunis
10000000000 from the origin and the earth is
10000 further. The cubist universe is expanding at
arate of 100 per annum.
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Hierarchical Coordinates
(Cubist Galaxy)

* You havealx1x1 cube.

* Describethetransforms necessary to
construct cubist galaxy.
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CTM

 Define the current transformation matrix in terms
of the following matrices:
— Translate by dd,d,: T(d,.d,.d,)
— Rotate by F about the vector <v,v,,v,> R(F,
VyVyV5)
— Scalebys,;s,s,: S(s.Sy.S,)
* Toposition
— Thesun
— Theearth
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Matrix Stacks

* Push and Pop

cT™: CTM:

— push T M®M¢ — Pop
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CTM:

CTM with push and pop

 Define the current transformation matrix in terms
of thefollowing matrices:
- Translate by d,.d,.d,: T(d,d,d,)
— Rotate by F about the vector <v,,v,v,> R(F,
ViVyV;)
— Scalebys,s,.s;: S(sS,:S,)
* Toposition
— Thesun
— Theearth
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Next Time

* Projection
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