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 very simple 

 very fast 

 most popular 
       skinning model 

 fairly good quality 
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Smooth Skinning Decomposition 
with Rigid Bones"

Input: Example poses!
Output: Linear Blend Skinning model"
•  Sparse, convex weights!
•  Rigid bone transformations"
•  No skeleton hierarchy!
Goals:"
  Approximate highly deformation models!
  Fast performance!
  Simple implementation!
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  Animation editing!
 Collision detection!
  Skeleton extraction!
 Compact representation!

v.s.	  

Rigid	  bone	  
6	  DOFs	  

Flexible	  bone	  
12	  DOFs	  
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Previous Work"

•  Joint optimize bone transformations and skinning weights!
–  Fast and Efficient Skinning of Animated Meshes 

[Kavan et al. 2010]!
 Linear solvers!
    Flexible bones!

–  Learning Skeletons for Shape and Pose  
[Hasler et al. 2010]!
 Rigid bones!
    Non linear solver!

 Good approximation of highly deformation models!
     Non-convex optimization, possibly with non-linear constraints!!



Smooth Skinning Decomposition 
with Rigid Bones"

[Le and Deng 2012]!

 Rigid bones!
 Highly deformation models!

 Linear solvers!
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Problem Formulation"

Orthogonal	  

!	   Non-‐linear	  
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Skinning Weights Solver"

•  Per vertex solver: Constrained Linear Least Squares!

•  Active Set Method [Lawson and Hanson]!
–  Pre-compute LU factorization of             and!
–  Pre-compute QR decomposition of!

Bound	  Constraint	  
Equality	  Constraint	  



Skinning Weights Solver"

•  Per vertex solver: Constrained Linear Least Squares!

•  Weight pruning of bones with small contribution!

Sparseness	  Constraint	  

Keep |K| bones with largest eij and solve the LS again!
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Bone Transformations Solver"

•  Per example pose solver:!

     Levenberg-Marquardt optimization!
 Optimized solution             Slow!

     Absolute Orientation (a.k.a. Procrustes Analysis) 
    [Kabsch 1978; Horn 1987]!

 Fast                                    Approximate solution!

?

?
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Bone Transformations Solver"

•  The residual      for bone !

•  Now find rigid transformation!
Bone	  	  	  	  out	  

(	  	  	  	  	  	  	  ,	  	  	  	  	  	  	  )	  
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•  Remove the translation!

     Center of Rotation:!

•  Calculate the rotation by Singular Value Decomposition!



Compare Equations"

•  Remove the translation!
              Our method           Weighted Absolute Orientation!

     Center of Rotation:                    Center of Rotation:!

•  Calculate the rotation by Singular Value Decomposition!



Compare Equations"

•  Remove the translation!
              Our method           Weighted Absolute Orientation!

     Center of Rotation:                    Center of Rotation:!



Compare Equations"

              Our method                 Weighted Absolute Orientation!



Compare Equations"

              Our method                 Weighted Absolute Orientation!

Bone	  blending	   No	  blending	  
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Bone Transformations Re-Initialization"

•  Recall: Center of Rotation!

•  Improve stability!
•  Jump out of local minimums!

< 3 
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Convergence"

•  Error decreases monotonically (without re-init bone transformations)!
•  Our algorithm converges much faster than LM (~50 times)!
•  One pass is enough for bone transformations update!

Solid:  Our results 
Dashed: Levenberg-Marquardt (LM) 
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Conclusion"

Linear Blend Skinning Decomposition Model!
•  Convex, sparse weights!
 Rigid bone transformations!
 Iterative bone transformation linear solvers!

 Nearly optimized, working well with highly deformation models!
 Fast!
 Simple!

Considering skeleton hierarchy!
Utilizing other information: Mesh topology or anatomy!
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