Computer Animation
Lesson 2 - Keyframe animation
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Rotations and orientations

Fismwe 3- Ronations and aneamnions in rwo-dimensiomal space. The onentation of a roo-dimensiona’ nigid
object can be represemed by elther a scalar angie from a reference oriestationa or a complex nember of umls
lengdy (Left and Botom) By represeatung onentations by scalar angles, the oneniation of a continuously
moving rn2id object could be mapped 10 3 tme-varving fuacton with discoanuuous juxps at the boundary
of the 2a-dutervid, (Righe) Thee wse of comples munubers cin cirousvent Uids stugukaity problem Decaisse
Ay COnnIBOUS Monon ¢an be mapped 10 a connnwous complex function. However, complex avmbers mas
nol e JPpropreM? for paramelenzing roinons becanse many differen! anpular moaons such as couster-
clockwise rotation by angle 6 and clockwise rotation by angle 6 — Ix) ae mapped 10 the sune complex
number

Source: Jehee Lee, Representing rotations and orientations in
geometric computing, CGA 2008



Rotations and orientations

Figure 2: The reference coordinate system 1s depicted by the white bunny and XY Z axes. (Left) The on-
entation of the blue bunny can be descnbed by a umt quatermeon with respect to the reference coordinate
svstem, X'YV'Z" axes are a local coordanate system of the blue bunny. (Right) Euler’s rotation theorem states
that a fixed axis ¥ and an angle @ can always be found such that the rotation of the white bunny about axas
v by angle € will bring it to the onentation of the blue bunny:

Source: Jehee Lee, Representing rotations and orientations in
geometric computing, CGA 2008



Rotations and orientations

Figure 5: The relative rotation between any two orientations q and q' can be described as a vector v € R
that specifies a rotanion around a fixed axis ¥ = — by the amount of angle 8 = [v||

Source: Jehee Lee, Representing rotations and orientations in
geometric computing, CGA 2008



Rotations and orientations

Though the use of unit quaternions provides us with a useful non-singular parametrization for orientations,
it cannot parameterize rotations without ambiguity. This can be shown as follows: Consider a family of
rotations about axis v by angle 8 + 2nx for all integer n. All of these different rotational actions are mapped
to a single unit quaternion or its antipode such that exp(0, 2¥) = exp(0, ££22%) or — exp(0, 9—%—’-’&"). Note
that both represent the same rotation. From these observations, we can conclude that we have to use vectors

for parameterizing rotations and unit quaternions for orientations in three-dimensional space.

Source: Jehee Lee, Representing rotations and orientations in
geometric computing, CGA 2008



Principle 2 - Arcs







Principle 2 - Arcs

The visual path of action from onc extreme 1o another 1s always described
by an arc. Arcs in nature arc the most economical routes by which a form
can move from one position to another. In animation, such arcs are used
extensively, for they make animation much smoother and less stiff than a
straight line for the path of action, In certain cases, an arc may resolve
itself into a straight path, as for a falling object, but usually, even in a
straight line action, the object rotates. [12)
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1) Description

2) Clarity of Exposition

3) Quality of References

4) Reproducibility

5) Strengths and weaknesses
6) Rating (1-5)
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1) Problem statement

2) Scientific contributions
3) Experimental validation
4) Limitations

5) Impact



