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•  Data	
  Sources:	
  performance	
  capture,	
  simula.on	
  

•  Applica.ons:	
  	
  

Marker-­‐based	
  mocap	
  with	
  	
  
dense	
  markers	
  
[Park	
  and	
  Hodgins	
  2006]	
  

Performance	
  Capture	
  of	
  Interac.ng	
  	
  
Characters	
  with	
  Handheld	
  Kinects	
  

	
  [Ye	
  et	
  al.	
  2012]	
  
Weta	
  Digital's	
  Tissue	
  System	
  

Auto	
  Rigging	
  &	
  Anima.on	
  Edi.ng	
  
Reverse	
  Engineering	
  
For	
  Interac.ve	
  Edi.ng	
  Skin	
  Retarge.ng	
  

Any	
  3D	
  model	
  
Authoring	
  tools	
  

	
  [Mohr	
  and	
  Gleicher	
  2003]	
  



•  Previous	
  Works	
  –	
  no	
  Skeleton	
  
–  Skinning Mesh Animations  

[James and Twigg 2005]#

–  Fast and Efficient Skinning of Animated Meshes 
[Kavan et al. 2010]#

–  Smooth Skinning Decomposition with Rigid Bones 
[Le and Deng 2012]#

  Compression, GPU rendering#
×  Animation editing#
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  DoFs	
  



•  Previous	
  Works	
  –	
  with	
  Skeleton	
  
–  Example-Based Skeleton Extraction  

[Schaefer and Yuksel 2007]#

–  Automatic Conversion of Mesh Animations  
into Skeleton-based Animations  
[de Aguiar et al. 2008]!

–  Learning Skeletons for Shape and Pose  
[Hasler et al. 2010]#

  Animation editing#

3	
  DoFs	
  



•  Previous	
  Works	
  –	
  with	
  Skeleton	
  
–  Single-­‐pass	
  framework	
  

Skinning	
  
Decomposi.on	
  

Apply	
  
Joint	
  

Constraints	
  

Example	
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   Unorganized	
  
Bone	
  Transforma.ons	
  

with	
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•  Previous	
  Works	
  –	
  with	
  Skeleton	
  
–  Single-­‐pass	
  framework	
  

•  Limita.ons	
  
–  Redundant	
  bones	
  
–  Accumulated	
  error	
  

No	
  Joint	
  Constraint	
   Skeleton	
  Reconstruc.on	
  

Results	
  from	
  an	
  	
  
implementa$on	
  of	
  	
  
[Hasler	
  et	
  al.	
  2010]	
  



•  Itera.ve	
  Rigging	
  Strategy	
  (mul.-­‐pass)	
  
Update	
  

Skeletal	
  topology	
  
Joints	
  posi.ons	
  

Update	
  
Skinning	
  weights	
  

Bone	
  transforma.ons	
  



•  Objec.ve	
  Func.on	
  
min 

Data	
  	
  
Term	
  

Weights	
  
Smoothness	
  

Joint	
  
Constraints	
  



•  Data	
  Term	
  [Le	
  and	
  Deng	
  2012]	
  
–  Minimizing	
  reconstruc.on	
  error	
  w.r.t.	
  Weights	
  &	
  Bone	
  transforma.ons	
  	
  

–  No	
  skeletal	
  structure	
  

min 

Rest	
  pose	
  

Input	
  
example	
  
poses	
  

Skinning	
  weights	
  

Bone	
  transforma.ons	
  



•  Skinning	
  Weight	
  Regulariza.on	
  Term	
  
–  No	
  regulariza.on:	
  Fracture	
  due	
  to	
  weights	
  sparseness	
  constraint	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  or	
  noisy	
  input	
  data	
  	
  

–  Our	
  rigidness	
  Laplacian	
  regulariza.on:	
  Smooth,	
  deforma.on	
  sensi.ve	
  

Evaluated	
  on	
  all	
  example	
  poses	
  (	
  f = 1..F )	
  

min 



•  Joint	
  Constraint	
  Term	
  
–  Minimizing	
  devia.ons	
  of	
  the	
  joint	
  loca.ons	
  ader	
  applying	
  bone	
  transforma.ons	
  

min 

Bone	
  j	
   Bone	
  k	
  Cjk 

Rest	
  Pose	
  	
   Example	
  Pose	
  f 

Cjk	
  is	
  the	
  joint	
  posi.on	
  	
  
in	
  the	
  rest	
  pose	
  

Recovering	
  ar$culated	
  object	
  models	
  from	
  3D	
  range	
  data	
  [Anguelov	
  et	
  al.	
  2004]	
  



•  Joint	
  Constraint	
  Term	
  
–  Minimizing	
  devia.ons	
  of	
  the	
  joint	
  loca.ons	
  ader	
  applying	
  bone	
  transforma.ons	
  

min 

No	
  Joint	
  Constraint	
   With	
  Joint	
  Constraints	
  



•  Op.miza.on	
  Pipeline	
  



•  Mo.on-­‐driven	
  vertex	
  clustering	
  [Le	
  and	
  Deng	
  2012]	
  
–  Cluster	
  ver.ces	
  with	
  similar	
  rigid	
  transforma.on,	
  no	
  blending	
  

–  1	
  bone	
  transforma.on	
  per	
  cluster,	
  no	
  connec.vity	
  

–  Linde–Buzo–Gray	
  algorithm,	
  similar	
  to	
  K-­‐means	
  

•  Over-­‐completed	
  clustering	
  
–  Redundant	
  bones	
  	
  

will	
  be	
  pruned	
  
–  Easy	
  parameter	
  tuning	
  

–  Robust	
  ini.aliza.on	
  	
  
(good	
  coverage)	
  



 Minimum	
  Spanning	
  Tree	
  problem	
  
	
  [Kirk	
  et	
  al.	
  2005;	
  Schaefer	
  and	
  Yuksel	
  2007;	
  	
  
	
  de	
  Aguiar	
  et	
  al.	
  2008;	
  Hasler	
  et	
  al.	
  2010]	
  

–  Cost	
  of	
  edge	
  (j, k)	
  

Numerator:	
  Joint	
  constraint	
  value	
  	
  
Denominator:	
  Weight	
  blending	
  of	
  2	
  bones	
  



•  Redundant	
  Bones	
  

Ini.aliza.on	
   Skeleton	
  







•  Op.miza.on	
  Pipeline	
  



•  No	
  Joint	
  [Le	
  and	
  Deng	
  2012]	
  

Remove	
  Transla.on	
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•  With	
  Joints:	
  Joint	
  =	
  Regular	
  point	
  with	
  weight	
  λ  +∞	
  

Remove	
  Transla.on	
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•  Input:	
  48	
  example	
  poses	
  



•  Output:	
  27	
  bones	
  

Skeleton	
   Skinning	
  Weights	
  



Comparisons	
  
horse-­‐gallop	
  
8431	
  ver.ces	
  

48	
  example	
  poses	
  
27	
  bones	
  



Lowest	
  RMSE	
  









•  Input	
  	
  	
  :	
  Example	
  poses	
  
•  Output:	
  de-­‐facto	
  Skeleton-­‐based	
  linear	
  blend	
  skinning	
  (LBS)	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (skeleton	
  +	
  skinning	
  weights	
  +	
  bone	
  transforma.ons)	
  

  Rigidness	
  Laplacian	
  regularizer	
  for	
  smooth	
  weights	
  &	
  pruning	
  
  Robust	
  skeleton	
  pruning	
  for	
  over-­‐completed	
  ini.aliza.on	
  
  Accurate	
  solver	
  for	
  bone	
  transforma.ons	
  with	
  joint	
  constraints	
  

×  Linear	
  model	
  (LBS)	
  
×  Data	
  dependency	
  
×  Low	
  computa.onal	
  efficiency	
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http://graphics.cs.uh.edu/ble/papers/2014s-ske/ 
(execution file available) 


