Vector Transformations
Matrices for Vector Transformations

e maths notes Chapter 5 . ..
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Figure 1: Vertex transformation pipeline.

e In Figure 1, vertex coordinates are operated on as vec-
tors. Depending of the depth of nesting of objects —
think world, robot, robot-arm, arm-hand, hand-finger,
finger-joint, . .. and large number of transformations may
be contained in (via composition) the modelview matrix

e .. .vectors as components with respect to a basis . .. can
use matrix arithmetic to implement linear transformations

® express a vector u in terms of a weighted sum of basis
vectors,

u— ey + e, (1)

and then apply finearity rules,

v="T(u) =T(mer+ wer) (2)
= w1 (e1)+ T (e).



e any vector can be expressed as a linear combination of
the basis vectors

® SO wWe can write
T(e1) = aie1 + bey, (3)

and
T(e2) = aze1 + byey. (4)

e substitute these last two equations into egn. 3 to get

T(U) = uja;ey + u1b1e2 + harey + U2b262, (5)
(thar + war)er + (biup + bous)es.

eV = vie; + wey, then collecting the e; and ey, coeffi-
clents, we have,

Vi = aju; + biuy,, (6)
Vo = b1U1 + b2U2.. (7)

e 2 matrix equation . ..

v = Au. (8)

ay by
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IS @ one column two row matrix, containing a tuple of
vector components, 1.e. v Is a two-dimensional vector,

A is a2 row x 2 column matrix, A =

Vi : : :
vV = y and u Is another a two-dimensional vector,
0



Points and Vectors

e points, e.g. P = (P, P))
e vectors, e.g. v = (vi\)!

e Y=you could be excused for confusing points and vectors.
The difference is rather subtle. When we say that P
above can be represented by a vector p = (p1, p»), what
we mean Is that P can be represented by the directed
line (vector) OP = p, where O is the origin — a point,
P=0+p.

e You can add a vector to a point to get a point.



Some Transformations

e the first column of A Is the vector that results in trans-
forming e; = (1,0)". Second column of A the vector
transforms e, = (0, 1),

Figure 2: 2D Rectangle. (1, 0) and (0, 1) are marked as solid points.

e Scaling

. Sure enough, we get (1,0) — (2,0) and (0,1) — (0, 1.5),

We transform using { g 105 }

see Figure 3(a), just as we expected. Next transform using [ é g ] . We get (1,0) — (1,0)
and (0,1) — (0, 2), see Figure 3(b), again as expected.

.......................................

Figure 3: Scaling. (a) scale x by 2, y by 1.5; (b) scale x by 1, y by 2.



e Rotation

We transform using sin30° cos30° | — | 05 0866

Sure enough, we get (1,0) — (0.866,0.5) and (0,1) —
(—0.5,0.866), see Figure 4(a), just as we expected.
cos 45° —sin45°] B [0.707 —0.707

cos30° —sin30°| [ 0.866 —0.5]

sin45° cos45° 0.707 0.707

We get (1,0) — (0.707,0.707) and (0, 1) — (—0.707,0.707
see Figure 4(b), just as expected.

Next transform using [

Figure 4: Rotation. (a) 30 degrees; (b) 45 degrees.

e But we have a big problem, we cannot do translation
using matrices . . .

B G

e the homogeneous coordinate representation fixes this.



