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Animation curves

Source: Koyama and Goto. OptiMo: Optimization-Guided Motion Editing  
for Keyframe Character Animation. CHI 2018. 

 



Animation and interpolation
Keyframe 
animation 
How to 
interpolate 
motion between 
key-frames



Interpolation of translation



Hermite splines



Hermite polynomials



Catmull-Rom splines



Bezier curves, B-splines and NURBS
Bezier: Piece-wise 
polynomials with 
tangent continuity 
B-splines: control 
points, arcs and curves 
NURBS: piece-wise 
rational curves, i.e. 
projective splines in 
projective coordinates



Bezier curves, B-splines and NURBS



Three-dimensional interpolation



Interpolation of rotations
Cannot interpolate 
matrices 
Compute R = R1T R2  
Compute axis and angle  
Interpolate angles



Quaternion interpolation



Quaternion interpolation



Spherical interpolation

SLERP : Interpolation on the sphere of unit 
quaternions 
LERP : Linear interpolation then normalization 
US patent by Budge (2007): Fast approximation 
to the spherical linear interpolation function

http://www.patentstorm.us/inventors-patents/William_Budge/4137019/1.html


Equivalence between Euler angles and quaternions



Rigid motion interpolation
Screw Theory : we can represent any movement of 
a solid body by a single operation which combines 
both the rotation and the translation.   
! As Plucker coordinates. 
! As Dual Quaternions. 
! Using Motor Theory based on Clifford Algebra. 

! More about this in Lessons 11 and 12

http://www.euclideanspace.com/maths/geometry/elements/line/plucker/index.htm
http://www.euclideanspace.com/maths/algebra/realNormedAlgebra/other/dualQuaternion/index.htm
http://www.euclideanspace.com/maths/algebra/clifford/geometry/transforms/motors/index.htm
http://www.euclideanspace.com/maths/algebra/clifford/index.htm


Interpolation of matrices
Transformation matrix  Tf = [SR|t] with 12 parameters  
Non independent 
3 translations, 3 rotations, 3 re-scalings 
Better to control them separately 
Automatic weight computation 
Wang et Philips, Multi-weight enveloping: least-squares 
approximation techniques for skin animation,  SCA 2002



Dual quaternion interpolation
  

Skinning with Dual Quaternions 
Ladislav Kavan, Steven Collins, Jiri Zara, Carol O'Sullivan. 
Symposium on Interactive 3D Graphics and Games, 2007.

http://isg.cs.tcd.ie/projects/DualQuaternions/
http://isg.cs.tcd.ie/projects/DualQuaternions/


Dual quaternion interpolation



Timing curves



Slow-in and slow-out



Principle 3 - Timing
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Principle 3 - Timing 



Paper 3. Motion doodles (2004)



Paper 3. Motion doodles (2004)



Paper 3. Motion doodles (2004)

1) Description 
2) Clarity of Exposition 
3) Quality of References 
4) Reproducibility 
5) Strengths and weaknesses 
6) Rating (1-5) 



Paper 3. Motion doodles (2004)

1) Problem statement 
2) Scientific contributions 
3) Experimental validation 
4) Limitations 
5) Impact 


