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Coordinate System (1/1)

* A coordinate system, or coordinate frame,
consists of an origin and a basis: a set of
three (two for 2D) orthonormal vectors.

..............................................
" A0S

: A . Canonical coordinate system:
y=1 .« origino
' o > . *» orthonormal basis vectors {x, y}.
ﬂ—gl i ¢ Also called: World coordinates
e
2D example
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Coordinate Transformation (1/20)

—————————————————————————————————————————————————————————

“In a frame with origin o and
basis {x, y}, the coordinates
(x, y) describe the point:

_________________________________________________________
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Coordinate Transformation (4/20)

Pyy = (X0, V) S0+ X, X+Y, Y
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Coordinate Transformation (5/20)

Pyy = (X0, V) S0+ X, X+Y, Y

Xo| 0] 1 0

Ve =10 +2.5 0 + 0.9 1
v ; , (2.5, 0.9) ) 5 c
é?oey 0.9
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Coordinate Transformation (6/20)

________________________________________________

-Canonical coordinate
~system is the frame-of- |
reference for all other
_coordinate systems.

R e |
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Coordinate Transformation (7/20)

________________________________________________
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€ ’.; 'Another coordinate system
Yy 4T> . (frame coordinate):
| 0.9y

' » within canonical coord.
¢ origine |
\_ X\/ Y * orthonormal basis vectors {u, v} !
2.5 ; _ _ |
X P =(U,Vv)=e+uu+v,v
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Coordinate Transformation (8/20)

w=(U, V)=Ee+u,u+v,v

v ul |x X, X,
p e
-| " |+0.5| " |+(-0.7)
\/u“ Vol | Ve Y, Yy
SRS

0.5
uv | -0.7
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-
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I
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Coordinate Transformation (8/20)

P, = (up, vp) =e+u,utv,v

Q: Suppose the basis vectors of a
frame coordinate {e, u, v} is
achieved by rotating the basis

v o
Y P vectors of the canonical
n coordinate system {o, x, y} by
o g 45°, Determine the basis vectors

of the frame coordinate system.
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Coordinate Transformation (9/20)

\'%
Pyy = (X0 V) S0+ X, X+Y, Y \/u

e

J— - ®
Puw=(Uy,V))=e+u u+v,v Y[ P

o X



Coordinate Transformation (10/20)

\'%
Pyy = (X0 V) S0+ X, X+Y, Y \/u

e

_ — ®
Puw=(Uy,V))=e+u u+v,v Y[ P

Py \ 34 Puv 0 X



Coordinate Transformation (11/20)

A\
pxy = u

e

®
e+upu+vpv Y[ P

pxy=e+upu+VpV O X
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Coordinate Transformation (12/20)

\'
u
e
y °p
pxy=e+upu+vpv W) X
L'p Te T T
Yp | = lye| tUp|yu [t VP | w0
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Coordinate Transformation (13/20)

e
Y[ °p
va=e+upu+VpV 0] X
:I:P we xu xv uP
Y| = Ye| T |Yu Yo Up
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Coordinate Transformation (14/20)

Py=€tu,utv,v

-J"P- I :l?e- E; u
yp = Ye Yu
EN 1 0 =z
Yp | = 0 1 e
1 0 0 1

Yu

0

z, 0] |up

yp  Of [vp
0 1 1
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Coordinate Transformation (15/20)

z,] 1 0 z] [2e 2o 0] [u,
YUp | — 0 1 we Yu Yo O Up
1 0 0 1 0 0 1 1
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Coordinate Transformation (18/20)

v

------------

frame-to-canonical matrix
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Coordinate Transformation (19/20)
BB N
up]  [2w wu O] 1 0 —z.] [z, y °
Bl L
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Coordinate Transformation (20/20)
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canonical-to-frame matrix
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3D Coordinate Transformation (2/2)

Tp 1 0 0 | |Zw Tw ZTw Of |up
Yp | _ 0 1 0 Ye| {(Yu Yo Yuw O {7p
Zp 0 0 1 2| |2u 20 2w Of |wp
I 1 ) _0 0 0 1 1L 0O 0 0 1_ i 1 ]
B u v w e
p:r:yz - -0 0 0 1 puvwﬂ
Uy | [Ty Yu 2o O] [1 0 0 —z.| [z,
Up| _ [Tw Y 2 O |0 1 0 —ve| [¥p
I 1 ] I 0 0 O 1_ _O 0 0 1 1L 1 ]
Ju v woe -
Puyvw = _0 0 0 1 p:cyz'
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Camera Transformation (2/6)

 We'd like to be able to change the viewpoint
in 3D and look in any direction.
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Camera Transformation (3/6)

e: camera/eye position
- w: viewing direction

v: top

u: right
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Camera Transformation (4/6)

from xyz-coordinates into uvw-coordinates

Xyz-coord
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Camera Transformation (5/6)

from xyz-coordinates into uvw-coordinates

Xyz-coord
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Camera Transformation (6/6)

canhonical-to-frame matrix:

u v w e] To Yo 2o

LTw Yw 2w

——o O O
o O =D
o = O O

|

Ny

M
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Summary (1/5)




Summary (2/5)

Orthographic view
volume

M orth

A

Canonical view Screen

volume
M. 1. Jubair 30



Summary (3/5)

transformation N

Canonical view
volume

Camera =1, v=t, w=f)

vp
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Summary (4/5)

Camera =1, v=t, w=f)
transformation ™~ Orthographic view
volume

IS y =

vp

Canonical view Screen

volume
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Summary (5/5)

Orthographic view
volume

M = Mvp *Morth M

cam

Screen
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Code: Orth. to Screen v.2 (1/1)

Drawing many 3D lines with endpoints a; and b;:

Construct M,
Construct M_ ..,
Construct M_,

M = M, *M, ., *M

orth cam

for each line segment (a., b.) do:

p = M*a;
q = M*b;
drawline (x,, Vo1 Xqr Yq)

Credit: Fundamentals of Computer Graphics 3™ Edition by Peter Shirley, Steve Marschner | http://www.cs.cornell.edu/courses/cs4620/2019fa/
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Practice Problem -1

* Origin O and basis {y, z} construct a 2D canonical
coordinate system. Within this, line bc is our model
(P,,).- We want to view it from a new 2D camera
(frame) with origin (4, 8) looking downward.

A
(a) Determine canonical- Y

to-frame matrix

(b) Calculate and plot P,
b (4,1)

c (5,0)




Practice Problem -1

v b (4,1)

e 1 \[: (5,0)

=
O
(Y
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Practice Problem -1

e e=(4,8); w=?;v="7

e ‘

b (4,1)

\c: (5,0)
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Practice Problem -1

e e=(48);, w=?;v="

e ‘

b (4,1)

\c: (5,0)

M. I. Jubair

Lo

b (4,1)
¢ (5,0)
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Practice Problem -1

e e=(48);, w=?;v="

u v e_
Puv = 0O 0 1 pry A L
| Y & v'

b (4,1)
c (5,0)
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Practice Problem -2

a) Explain with appropriate example that the frame-to-
canonical transformation can be expressed as a
rotation followed by a translation.

— Hint: section 6.5

b) Explain with appropriate example that canonical-to-
frame transformation is a translation followed by a
rotation; they are the inverses of the rotation and
translation we used to build the frame-to-canonical

matrix.
— Hint: section 6.5



