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Announcements

e Final projects will be done in groups of

e 480:20r 3

e 580: 2



Situation: Bunny is sad.

Bunny is sad because it can't move.



Today: Make bunny happy

e How can we manipulate objects in the
scene to

e put them in the right position?
e scale them to the right size?

e orient them in the right direction?

Our answer: matrices.



Geometric Transformations

e [o the notes!



Linear transformation gallery

e Uniform scale
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Linear transformation gallery

e Shear
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Linear transformation gallery

e Nonuniform scale

Sy

0

0

Sy

© 2014 Steve Marschner °



Linear transformation gallery

e Reflection

— can consider it a special case
of nonuniform scale
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Linear transformation gallery

e Rotation
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2D Matrix Transformations:
Properties

e [Inear

e closed under composition
e associative
e not commutative

e applied right-to-left



Composing transformations

* Want to move an object, then move it some more

-p — T(p) — S(T(p)) = (S o T)(p)
* We need to represent So T (S compose T")

—and would like to use the same representation as for Sand T

* Translation easy

-T(p)=p+ur;S(p) =p+ ug

(SoT)(p) =p+ (ur + us)
* Translation by u; then by Ug is translation by ut + uc

— commutative!
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Composing transformations

* Linear transformations also straightforward

- T(p) = Mrp; S(p) = Msp
(SoT)(p) = MsMrp

* Transforming first by My then by Mc is the same as
transforming by McM+

— only sometimes commutative
* e.g.rotations & uniform scales
* e.g. non-uniform scales w/o rotation

— Note M¢My,or S o T,is T first, then §
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Combining linear with translation

* Need to use both in single framework

* Can represent arbitrary seq. as T(p) — Mp +u
-T(p) = Mrp + ur
~S(p) = Msp + us
(SoT)p)= Msg(Mrp+ur)+ ug

= (MsMt)p + (Msur + ug)

T S(7(0)) = S(ur)

* Transforming by M+ and u4, then by M and ug, is the
same as transforming by MiM; and u¢ + Mcu+

— This will work but is a little awkward
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Homogeneous coordinates

* A trick for representing the foregoing more elegantly

* Extra component w for vectors, extra row/column for

matrices

— for affine, can always keep w = |

* Represent linear transformations with dummy extra

row and column
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Homogeneous coordinates

* Represent translation using the extra column
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Homogeneous coordinates

* Composition just works, by 3x3 matrix multiplication
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* This is exactly the same as carrying around M and u

— but cleaner

—and generalizes in useful ways as we’'ll see later
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Affine transformations

* The set of transformations we have been looking at is
known as the “affine” transformations

— straight lines preserved; parallel lines preserved
— ratios of lengths along lines preserved (midpoints preserved)

AN
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