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(1) Creating Animations s
algorithm
(parameterized models,
physics, optimization)
user data
(keyframes) (motion capture)
r i
(2) Representing Rotations a,ti."J:'cO!'.':m";..

trans(0.30,0,0) rot(z,0)
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Representing motion universityof
British Columbia
> DOF vs time
> cubic polynomial curves
X
G th
smoo
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in-out fast linear t
» alternative for motion through space:
V \Q\\ - l@
apply arc-length
X reparameterization t © Wichievan oo Panme
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Transformation Hierarchies University of
British Columbia
glTranslate3f(x,y,0);
Examp le glRotatef(4,,0,0,1);
DrawBody();
glPushMatrix();
glTranslate3f(0,7,0);
R R DrawHead();
o o glPopMatrix();
glPushMatrix();
glTranslate(2.5,5.5,0);
glRotatef( 6,,0,0,1);
DrawUArm();

glTranslate(0,-3.5,0);

glRotatef(6,,0,0,1);

DrawLArm();

glPopMatrix();
... (draw other arm)
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Transformations e
British Columbia
Rotation Rotate (z,0)
Xx'=xcos@—ysin @
Pg—\ 2] y'=xsin @+ ycosé
E . z=z
P
— i x' cos@ —siné x
9% y y'|_||sin@ cos@ y
| 1 z
X 1 11
glRotatef(angle,x,y,z);
glRotated(angle,x,y,z);
==
3x3 Rotation Matrix unverstyof
ritisl lumbia

> 9 elements

> 6 constraints

> renormalization algorithms

> extracting pure rotational component (polar decomp)

ROtatiOn DOFS University of
British Columbia
» 2D: 1 DOF
> 3D: 3DOF
> 4D: 6 DOF
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3x3 Rotation Matrix nversiy ot
British Columbia
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Rotations e
British Columbia
SO@3)

- rotations do notcommute A-B#B-A

> require at least 4 parameters for a smooth
parameterization

— analogy: surface of the earth
» 2D surface, 3 params
> combing the hairy ball
— camera orientation: view object from any dir
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my,  m, mp; R =R
m, m,, m,
1 Uem ash=0 |dq=1
’nﬂ "1‘42 ’n‘ﬂ
bec=0 |p=1
R=lg 5 ¢ ase=0 |4
... and determinant = 1
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Rotations . 48
British Columbia

> orientation vs rotation?
> how to specify?

> how to interpolate?

» 2D vs 3D
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Fixed Angle Representations unweswor
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Euler’'s Rotation Theorem e

British Columbia

> can always go from one orientation to another
with one rotation about a single axis

y )" L7 180 deg about line in xy-plane
4

_
X X
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Kvte  kky—ks kkytks| Where
Rot(k,0)=|kky+ks kv+c kkv—ks| €=cosé

y

kkv—ks kkytks Kvee | Y-1-c0sé
s=sind
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Quaternions S
British Columbia

> rotation of a vector
V'=Rot(k,0)V=q-7 -
7=05)  g=(sv)
> two successive rotations
4,(q,-V-4,)q,
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British Columbia
> fixed sequence of 3 rotations
— RPY orientation: z,y,x
Y
z
X
roll pitch yaw
Rgpy = Rot(z,0) Rot(y, ) Rot(x, y)
» can use many ordering of axes
> Eulerangles: =z, x,z
£
Quaternions Univerly of
British Columbia
= review of complex numbers
if=-1
z=a+bi
> quaternions
q=w+xi+yj+zk
[w Xy z] = (s,\7)
DY)
= 9 . 9 =
Rot(k,0) = (cos—,sin—k)
2 2
r-3
Quaternions . 48
British Columbia

i=-1 i-j=—j-i=k |RHrule
=1 jok=—k-j=i
2
==l ki=—ik=j
> unit quaternions
wHxt+yr 477 =1
- addition  (s;,v,) +(5,,v,) = (5, + 55,V +,)
> multiplication
(51,V) (85,,) = (8,8, =V, ®V,, 8,V +5, -V, +V, XV,)
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