5. Geometric Transformations and Projections

51 Trandations and Rotations
a) Trandation
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d) Rotation about z Axis
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5.2. Homogeneous Representation

The representation is introduced to express all geometric transformations in the form of
matrix multiplication for the convenience of manipulation.

a) Trandation
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b) Scaling
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c) Reflection (Mirroring)
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d) Rotation about the z Axis
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Rotation about Z Axis- CCW by q

éx,u & cosf §

_e u_é u
== ranf
ylu e

62196219

O r»r O O

sng Ou

cosqg Og

é,u écodf +q)u ércosf cosq - rsinf anu
P, =§y23—gr snff +q)9=% cosf cosq +r sinf cosd

T
8z & 2z o e Z
éX1C05q ylsir‘QU
—gx snq +ycosq
e Z é
ex,U €osq - snq Ouexd

P, =gy.=asng  cosq  Op2Y, 0= RyP;
26 80 0 1i8ng

é

Computer Aided Design



4
Rotation about X Axis- CCW by q
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Rotation about Y Axis- CCW by q
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Parametric Rep. of the Axis:

X =Au+Xg
y = Bu+y,
z=Cu+z, O<u<l
L =vA%+B% +C?u
Step 1: Translate Py to Origin
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Step 2: Rotate Vector L about X Axisto get L into thex - z plane
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Step 3: Rotate L about the Y axisto get it in the z direction
Rotate a negative angle (CW)!
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Step 4: Rotate angle q about axis L .
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Step 5: Reverse the rotation about the Y axis
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Inverse of Rotation:

Replace q by -q
snqg by —snq
cosq by —C0s(q

Step 6: Reverse rotation about the X axis
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Step 7: Reverse trandation
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Overal Transformation
1»2

[T1=PI'R]'[RT[R][R]RIO]

P, =[T]P,
HomeworKk:

1. Givered Xo, Yo, Zo, A, B, C and thetavalues, find [T].

2. A line connects the point A at (1,0,0) to the point B at (1,0,1). A second line extends from
Cat (1,0,2) to D at (1,1,2). Rotate line AB about line CD using vector-matrix methods.
The rotation should be 90° counter-clockwise as seen from the +y axis.

3. A plane surface intersects the coordinate axes at three points A=(5,0,0), B=(0,5,0) and
C=(0,0,10). A given point P is on the plane. Find the matrix of geometric transformation
that move the point P five units down on the plane to P. (Line PP is perpendicular to
edge AB and ison plane ABC. PP=5))
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5.3  Viewing Coordinate System

a View Window

View Plare
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* Right hand coordinate system

* 2D coordinate system on the view plane.

» Some "old" graphics systems use a left-hand coordinate system. A different
geometric transformation matrix must be used.
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LA Coor. Srx.
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b)

Orthographic View versus World Coordinate System
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c) Perspective and Parallel Projections
We want to produce a 2D image (projection) of a 3D object.
* Perspective Projection
* Paralel Projection
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» Examples of Perspective Projection
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54  Déefinition of a General Viewing Coordinate System
a What are involved?
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b) How to Set Up the Viewing Coordinate System (VCS)!
i)Define the view reference point

T
P=(F P, P,)
i)  Definethe line of the sight vector n (normalized)
T
A=(Nx Ny, N;) and N2 +Ny2+N,2 =1

iii) Definethe"up" direction

_ T _ _

V=(Vy, Vy, V) AR V=0

This also defines an orthogonal vector, U

u=VvV’'n

(G, V, ﬁ) forms the viewing coordinates
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iv)  Definethe View Window in U - V- W coordinates
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c) Pardld Projection

First transform coordinates of objects into the UV n coordinates (VCS), then
drop the n component. (n —depth)

Overlapping x-y-z and U-V -n
i) Trandate O, to O.

0
0 -
1
0

o O +—» O

i) Align the n axis with the Z axis.
A=Ny, B=N,, C=N,

L:.,/Ni+N)2, +N§
Vv =/N2 +N2

The procedure isidentical to that givenin 5.2.
* rotate g, about X: [R,]

* rotate o, about y: [R]
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iii) Rotate g, about the Z axisto aign U with x and/or V withy. At this
_ T
point, V is given by (VQ, V¢, 0) where

L G
We need to rotate by an angle g5 about the Z axis
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iv) Drop the n coordinate
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In summary, to project aview of an object on the UV plane, one needsto
transform each point on the object by:

[T1=[Pn] [R:] [Ry] [R] [Pov-]

X0
‘?y

*

X

10

Note: Theinversetransformsare not needed! Wedon't want togo back tox-y -z

coordinates.
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