1 Scaling

In R? we can scale a point, p1 = (z,9), to a point, p» = (2/,y’), by scale factors, s, and s,, as,

2’ = syx (1)

Y = sy (2)

This transformation can be written in matrix form as,

) =5 2)0) ®

In R3*+! this transformation matrix can be written using homogeneous coordinates as,

s 0 0 0
o s, 0 0

5=10 0 s o0 )
0 0 0 1

2 Translation

In R? we can translate a point, 1 = (z,y), to a point, g» = (2/,y'), by,

y=y+t, (6)
Translation is an affine transformation,
Z— AZ+Db (7)

We can introduce homogeneous coordinates to make the translation operator linear. Equations 5 and 6 can
then be combined in matrix form as,

x’ 1 0 ¢t T
y]1=10 1 ¢t y (8)
1 0 0 1 1
In R3*1! this operator becomes,
1 0 0 ¢,
o1 oo g
T= 0 0 1 ¢, (9)
0 0 O

3 Rotation

Suppose we have a point, p; = (z,y), that we want to rotate by an angle, 65, to the point, po = (2’,3’). The
point, pi, can be represented by the polar coordinates (r,6;), and we have,



r=+/22+ y>? (10)
x =rcosb (11)

Yy = rsinb (12)

Similarly, 75 can be written in polar coordinate form as (r,6; + 63), which yields,

2’ =rcos(by + 02) (13)
= rcos 01 cos 0y — rsin f; sin O, (14)
=z cosfy — ysinby (15)
y' = rsin(0; + 63) (16)
= rcosfy sinfy + rsin 67 cos O (17)
= xsinfy + y cos Oy (18)

using the angle sum identities in equations 14 and 17. This transformation can be written in matrix form

as,
'\  (cosfy —sinfs\ [z
(y’) o (Siné?g cos 6o ) <y) (19)

In R3*+! these linear operators can be written using homogeneous coordinates as,

1 0 0 0
0 cosf, —sinf, O

R = 0 sinf, cosf, O (20)
0 0 0 1
cosfy O sinf, 0
0 1 0 0

Ry=1_ sind, 0 cosf, 0 (21)
0 0 0 1
cosfl, —sinf, 0 O
| sinf, cosf, 0 0O

R. = 0 0 1 0 (22)
0 0 0 1



