Matrix Representation

* Linea transformation has amatrix representation
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Correlation between maricesA & B

Note that

thus




Rotation

« 2D
[cos® -sinf

Eine cosd H

X' =xcosf - ysin@ [1 R=
y' = xsinf + ycosf

3D Rotation abou X-axis (from pos. Y to pcs. Z)
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Rotation (cont’ d)

3D Rotation abou Y-axis (from pos. Z to pas. X)
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+ 3D Rotation about Z-axis (from pos. X to pcs. Y)
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Subtleties
* Independent of “handedness’ of coordinate system

Q: Which transformations are missng?
A: Trandation

Why?
A: Becaiseit isnonlinea

Q

Q

Why is it norlinea?
A: Becaiseit maps the origin to anonzero pant




Linea Transformations

f(a x) = a f(x)

f(x +y) =1(x) +1(y)

or, equivalently, f(ax + By) =a f(x) + B f(y)

ifa=0,
f(0)=0
That is, alinea transformation takeszero to zero
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Trandation

* Not alinea transformation, bu an affine
transformation, i.e. “linea plus translatiori
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X =X+t
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Trandation (cont’ d)

» Tranglation can be represented using a nonsgquare
matrix as:

Trandlation (cont’ d)

* |t isdesirableto have square transformation matrices
to be able to perform operations like mdrix inversion
and multiplicaion (for concaenation) andto have the
representation d a point be the same before andafter
multi pli cation. So we modify the previous metrix by
adding arow.
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Trandation (cont’ d)
In 2D (3x3):
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In 3D (4x4):
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Trandlation (cont’ d)

» Affinetransformationis linea in the next dimension,
i.e. an affinetransformationin 2D isalinea
transformationin 3D

* This can be seen simply by nding that the constant
term beoomes the etra coordinatein the net
dimension

e That whichisaffinein oredimensionis linea in the
next dimension

Translation (concl’ d)

 Consider in 2D:
w
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X =x+tw
y =y+tw
w=w=1

» Trandationin 2-spaceis like shea in 3-space
» Trandationin 3-spaceis like shea in 4-space

Shear Transformations

in2D:
» Shea inthex diredion (along y)
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Shea Transformations

in 2D:

* Shea inthey diredion (along X
X =X
y =axty
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Review of Transformationsin 3D

» Scde
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Review of Transformationsin 3D

» Scde
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Review of Transformationsin 3D

* Rotate aboutthe X axis
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* Rotate aboutthe Y axis
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