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Translation
¥ Offset from position
xO= X +1tx Q
yC~): y +iy ‘ / P
¥ In matrix form
PO=P+T Lo

where T = [tx]
ty

¥ Repeat transformation for each point in figure
(rigid body transformation)




Scaling

¥ Resize relative to position
xO= X * s
yO=y s

¥ In matrix form
PO=P*S

where T = S
X

S,

¥ Repeat transformation for each point in figure
(rigid body transformation)

Non-uniform Scaling
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Rotation

¥ Turn about a point
xO= x cod - y sird

yO= x simd + y cod )
¥ In matrix form :

X'=rcosf
where R ﬂcos 0 -—sind

sinf@ cosf

Homogenous Coordinates

¥ Want to do all standard transformations as matrix
multiplications

=>%0ry




Composite Transformations

¥ Translation
PO= T,T:P
= T(txo,ty2) T(tx1,ty1)P
= T(txo+txy, tyo+tyr)P

Tz

Composite Transformations

¥ Rotation
PO= R®2)R(61)P
‘ = RO2+01)P




Composite Transformations

¥ Scaling

PO= $SiP
= S(s%,Sy2)S(s%,sy1)P
= S(sx%+sx, Sy+sy1)P

L
v

General Pivot Point Rotation

¥ A transformation sequence for rotating an object
about a specified pivgioint
PO= T(Xr,y)RO)T(-Xr,-yr )P
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General Pivot Point Scaling

¥ A transformation sequence for scaling an object
about a specified pivgioint
PO= T(Xr,yr)ST(-Xr,-yr )P

General Scaling Direction

¥ A transformation sequence for scaling an object
along a specifiedirection
b Rotate scaling direction to axis
b Scale
b Rotate back
PO= R(O)SR(-0)P

y y
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Order of Transformations
¥ RTP != TRP




Handedness

y axis

Z axis X axis

Translation

¥ 2D Translation
xO= x +1y Y
yO=y +ty

¥ 3D Translation
xO= X +1tx
yOey +ty
20z +1,

oo =
O -
—




¥ 2D Translation

xO= x * s

~ * SAO 0

yoEy s s=| 0s,0
001

¥ 3D Translation

xO= x * s, 8088

~ S,

yo=y*s 5% 00s.0

2027 000 1

Scale with Fixed Point

¥ Translate fixed point to origin
¥ Scale

¥ Translate back
.
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Positive 3D Rotation

x|
Q
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z Yl

Rotation about Z axis

¥ Lilfe 2D costl -sinB 0 0
xO= x cod - y sir T=| sinB cosf 00
yO= x sird + y co® - 0 0 10
20=z2 0 0 01
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Rotation about Coordinate Axes

Rotation about Axis Parallel to X

¥ Translate rotation axis to X
¥ Rotate
¥ Translate back
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Rotation about Arbitrary Axis

¥ To rotate abouaxis through P

Rotation about Arbitrary Axis (2)

¥ Translate Pto origin (T) y “
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Rotation about Arbitrary Axis (3)

y

¥ Perform desired rotatiofR)

¥ Rotate axis back (R)

Rotation about Arbitrary Axis (4)

¥ Translate axis back (1) y
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Rotation Axis Specification

1. Point and two rotation angles

y

Rotation Axis Specification

2. Two points y
V=PR-P
U=V/|V|=(ab,) P.

a=(x-x)/|V| /

b=(y-y)/|V| z y
c=(z-z)/|V|
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Rotating Axis onto Coordinate Axis
y

1. Rotate about x-axis intxz plane
Same as rotation ¢fz projection onto z
u®= (0,b,c) )
uz = (0,0,d)

Rotating Axis onto Coordinate AXis
y

1. Rotate about x-axis intxz plane
Same as rotation ¢fz projection onto z
u®= (0,b,c) )
uz = (0,0,d)
cosa = (UGL)/(Juflw)

= cd/dd
=c/d
where d =sqri(b?*+c?)
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Rotating Axis onto Coordinate Axis
Yy

1. Rotate about x-axis intxz plane
Same as rotation gf projectiononto z
u®= (0,b,c) )
uz = (0,0,d)
cosa = UG/ (Juflw)

= cd/dd
=c/d
where d =sqri(b?*+c?)
sina = b/d
uO= (a,0,d)

Rotating Axis onto Coordinate Axis

1. Rotate about x-axis intxz plane

2. Rotate about y ontw axis 1000
RO=( 50 '
00 01
d0-ao
. 0
R‘-(XF 28 d 8
0001

« composite rotatiofir; = Ry()Rx(a)
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TransformingNormals

¥ Transform
necessaril

¥ Cancalcul

ingby same matrix as points do@n

y work
ate correct matrinsing relationship to

tangent vector (which does transform correctly)
DN =(MYT

Coo

rdinate Trarfermations

¥ Canmove coordinatérame, rather than points

Dp +uu

+ v +ww

b origin p, basis vectors,v,w
¥ Frame-to-canonical conversion

u v w e
pxyz - - 00 0 1 Puvw
-1
u v w ¢
puvw - i 0 0 0 l :| pxyz
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