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OverviewOverview
(1)(1) Creating AnimationsCreating Animations
(2)(2) Representing RotationsRepresenting Rotations
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(1) Creating Animations(1) Creating Animations

algorithm

user data

(parameterized models,(parameterized models,
physics, optimization)physics, optimization)

(keyframes)(keyframes) (motion capture)(motion capture)
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Representing motionRepresenting motion
•• DOF vs timeDOF vs time
•• cubic polynomial curvescubic polynomial curves
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inin--outout fastfast linearlinear

smoothsmooth

•• alternative for motion through space:alternative for motion through space:

xx
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++ vv

tt
apply arcapply arc--lengthlength

reparameterizationreparameterization
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(2) Representing Rotations(2) Representing Rotations

torsotorso

headheadRUarmRUarm

RLarmRLarm

RhandRhand

RUlegRUleg

RLlegRLleg

RfootRfoot

LUarmLUarm

LLarmLLarm

LhandLhand

LUlegLUleg

LLlegLLleg

LfootLfoot

worldworld

trans(0.30,0,0) rot(z,  )trans(0.30,0,0) rot(z,  )θ
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Transformation HierarchiesTransformation Hierarchies

ExampleExample

4θ

1θ5θ 3θ

2θ

xx

yy

glTranslate3f(x,y,0);glTranslate3f(x,y,0);
glRotatef(    ,0,0,1);glRotatef(    ,0,0,1);
DrawBody();DrawBody();
glPushMatrix();glPushMatrix();

glTranslate3f(0,7,0);glTranslate3f(0,7,0);
DrawHead();DrawHead();

glPopMatrix();glPopMatrix();
glPushMatrix();glPushMatrix();

glTranslate(2.5,5.5,0);glTranslate(2.5,5.5,0);
glRotatef(    ,0,0,1);glRotatef(    ,0,0,1);
DrawUArm();DrawUArm();
glTranslate(0,glTranslate(0,--3.5,0);3.5,0);
glRotatef(    ,0,0,1);glRotatef(    ,0,0,1);
DrawLArm();DrawLArm();

glPopMatrix();glPopMatrix();
... (draw other arm)... (draw other arm)

1θ

2θ

3θ
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Rotation DOFsRotation DOFs
•• 2D:  1 DOF2D:  1 DOF
•• 3D:  3 DOF3D:  3 DOF
•• 4D:  6 DOF4D:  6 DOF
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TransformationsTransformations

RotationRotation
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glRotatef(angle,x,y,z);glRotatef(angle,x,y,z);
glRotated(angle,x,y,z);glRotated(angle,x,y,z);
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3x3 Rotation Matrix3x3 Rotation Matrix
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3x3 Rotation Matrix3x3 Rotation Matrix
•• 9 elements9 elements
•• 6 constraints6 constraints
•• renormalization algorithmsrenormalization algorithms
•• extracting pure rotational component (polar decomp)extracting pure rotational component (polar decomp)
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... and determinant = 1... and determinant = 1
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RotationsRotations

SO(3)SO(3)
•• rotations do not commuterotations do not commute
•• require at least 4 parameters for a smooth require at least 4 parameters for a smooth 

parameterizationparameterization
–– analogy:  surface of the earthanalogy:  surface of the earth

��2D surface, 3 params2D surface, 3 params
•• combing the hairy ballcombing the hairy ball

–– camera orientation:  view object from any dircamera orientation:  view object from any dir

ABBA ⋅≠⋅
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RotationsRotations
•• orientation vs rotation?orientation vs rotation?
•• how to specify?how to specify?
•• how to interpolate?how to interpolate?
•• 2D vs 3D2D vs 3D
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Fixed Angle RepresentationsFixed Angle Representations
•• fixed sequence of 3 rotationsfixed sequence of 3 rotations

–– RPY orientation:RPY orientation:

),(),(),( γβα xRotyRotzRotRRPY =
rollroll pitchpitch yawyaw

x

y
z

•• can use many ordering of axescan use many ordering of axes
•• Euler angles:Euler angles: zxz ,,

xyz ,,
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Euler’s Rotation TheoremEuler’s Rotation Theorem
•• can always go from one orientation to anothercan always go from one orientation to another

with one rotation about a single axiswith one rotation about a single axis
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180 deg about line in xy180 deg about line in xy--planeplane

θcos=c

θsin=s
θcos1−=v

wherewhere
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QuaternionsQuaternions
•• review of complex numbersreview of complex numbers

)
2

sin,
2

(cos),( kkRot
�� θθθ =

12 −=i
biaz +=

•• quaternionsquaternions
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QuaternionsQuaternions

•• rotation of a vectorrotation of a vector
qvqvkRotv ⋅⋅== ~),('

�

�

� θ
),0(~ vv
�= ),( vsq

�−=

2112 )~( qqvqq ⋅⋅
•• two successive rotationstwo successive rotations
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QuaternionsQuaternions

12 −=i

12 −=k

12 −=j
kijji =⋅−=⋅
ijkkj =⋅−=⋅

jkiik =⋅−=⋅

RH ruleRH rule

•• unit quaternionsunit quaternions

12222 =+++ zyxw
•• additionaddition
•• multiplicationmultiplication

),(),(),( 21212211 vvssvsvs ++=+

),(),(),( 21221121212211 vvvsvsvvssvsvs ×+⋅+⋅•−⋅=⋅


