
†Binh	  Huy	  Le,	  ‡Mingyang	  Zhu,	  and	  †Zhigang	  Deng	  

IEEE	  Transac6ons	  on	  Visualiza6on	  and	  Computer	  Graphics	  (TVCG)	  2013	  

Nanjing	  University	  of	  Science	  and	  Technology	  

†

‡



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

•  Mo;va;on	  

•  Problem	  Formula;on	  
•  Algorithm	  

•  Results	  &	  Valida;ons	  
•  Discussion	  
•  Q	  &	  A	  





Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

Marker-‐based	  
×  Low	  spa;al	  resolu;on	  

	  Body	  capture	  

Markerless	  
  High	  spa;al	  resolu;on	  

	  Facial	  capture	  

Image	  Courtesy	  of	  Wikipedia	  
Image	  Courtesy	  of	  Beeler	  et	  al.	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

Marker-‐based	  
×  Low	  spa;al	  resolu;on	  
  Robust	  tracking	  

Markerless	  
  High	  spa;al	  resolu;on	  
×  DriQing	  

Image	  Courtesy	  of	  Beeler	  et	  al.	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

Marker-‐based	  
×  Low	  spa;al	  resolu;on	  
  Robust	  tracking	  
  Large	  working	  volume	  
  Face	  +	  body	  capture	  

Markerless	  
  High	  spa;al	  resolu;on	  
×  DriQing	  
×  More	  limited	  setup	  
×  Face	  or	  body	  capture	  only	  

Making	  of	  The	  Polar	  Express	  movie	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

Marker-‐based	  
×  Low	  spa;al	  resolu;on	  
  Robust	  tracking	  
  Large	  working	  volume	  
  Face	  +	  body	  capture	  
  You	  might	  have	  one	  already	  

Markerless	  
  High	  spa;al	  resolu;on	  
×  DriQing	  
×  More	  limited	  setup	  
×  Face	  or	  body	  capture	  only	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

Marker-‐based	  
×  Low	  spa;al	  resolu;on	  
  Robust	  tracking	  
  Large	  working	  volume	  
  Face	  +	  body	  capture	  
  You	  might	  have	  one	  already	  

	  S;ll	  good	  for	  facial	  capture	  

Markerless	  
  High	  spa;al	  resolu;on	  
×  DriQing	  
×  More	  limited	  setup	  
×  Face	  or	  body	  capture	  only	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

How	  many	  markers	  should	  be	  put	  on	  
the	  face?	  

•  PuWng	  more	  	  ;me	  consuming	  

•  PuWng	  less	  	  data	  loss	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

How	  many	  markers	  should	  be	  put	  on	  
the	  face?	  

•  PuWng	  more	  	  ;me	  consuming	  

•  PuWng	  less	  	  data	  loss	  

How	  to	  put	  markers?	  

•  Guidance	  is	  not	  as	  clear	  as	  with	  
body	  capture	  

•  Hard	  to	  quan;fy	  how	  good	  a	  
layout	  is	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

How	  many	  markers	  should	  be	  put	  on	  
the	  face?	  

•  PuWng	  more	  	  ;me	  consuming	  

•  PuWng	  less	  	  data	  loss	  

How	  to	  put	  markers?	  

•  Guidance	  is	  not	  as	  clear	  as	  with	  
body	  capture	  

•  Hard	  to	  quan;fy	  how	  good	  a	  
layout	  is	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

Can	  we	  do	  something	  more	  	  
than	  acquisi;on?	  

•  Anima;on?	  

•  Data	  compression?	  

How	  many	  markers	  should	  be	  put	  on	  
the	  face?	  

•  PuWng	  more	  	  ;me	  consuming	  

•  PuWng	  less	  	  data	  loss	  

How	  to	  put	  markers?	  

•  Guidance	  is	  not	  as	  clear	  as	  with	  
body	  capture	  

•  Hard	  to	  quan;fy	  how	  good	  a	  
layout	  is	  





Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

•  Use	  performance	  capture	  data	  to	  explore	  op;mal	  layout	  
–  Different	  facial	  poses	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

•  Use	  performance	  capture	  data	  to	  explore	  op;mal	  layout	  
–  Different	  facial	  poses	  
–  Different	  subjects	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

•  Use	  performance	  capture	  data	  to	  explore	  op;mal	  layout	  
–  Different	  facial	  poses	  
–  Different	  subjects	  

•  Marker	  based	  capture	  as	  discrete	  sampling	  of	  facial	  surface	  
–  Given	  performance	  capture	  data	  (animated	  3D	  mesh	  sequence)	  

–  Find	  markers’	  loca4ons	  and	  deforma4on	  model	  to	  es;mate	  input	  best	  

–  Some	  constraints,	  e.g.	  markers	  are	  on	  facial	  surface	  
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stretching	   bending	  
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computed	  from	  rest	  pose	  &	  markers	  set	  	  
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•  Minimizing	  reconstruc;on	  error	  

Markers	  Set	  

Ver;ces	  
Displacement	  

(from	  input	  data)	  

Markers	  
Displacement	  

Weights	  
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•  Minimizing	  reconstruc;on	  error	  

	  Markers	  are	  on	  the	  facial	  surface	  

	  Thin-‐shell	  deforma;on	  
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•  Repeated	  update	  the	  markers’	  posi;ons	  one	  by	  one	  to	  reduce	  
the	  objec;ve	  func;on	  (reconstruc;on	  error)	  
–  Update	  one	  marker	  

Calcula;ng	  Expected	  
Marker	  Trajectory	  

Relocate	  
Marker	  

Upda;ng	  
Weight	  Matrix	  
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H W T	  
X ×	   ̶	  
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•  Minimizing	  objec;ve	  func;on	  w.r.t.	  	  

H W T	  
X ×	   ̶	  

2 

F 
(expected	  trajectory)	  

	  Linear	  least	  squares	  
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to	  vertex	  with	  trajectory	  	  	  	  	  	  	  closet	  to	  the	  expected	  	  	  	  	  	  	  	  (L2-‐norm)	  
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Marker	  on	  vertex	  	  	  	  	  	  move	  to	  vertex	  	  

	  Update	  
	  Update	  Cholesky	  decomposi;on	  
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•  One	  dataset	  as	  reference	  
•  Map	  other	  datasets	  to	  the	  reference	  

–  Non	  rigid	  registra;on	  on	  rest	  poses	  
Construc-ng	  dense	  correspondences	  for	  the	  analysis	  of	  3d	  facial	  morphology	  [Mao	  et	  al.	  2006]	  

–  Vertex	  to	  vertex	  correspondence	  across	  datasets	  	  found	  by	  nearest	  
point	  search	  on	  registered	  rest	  pose	  

•  Op;miza;on	  
–  Update	  only	  one	  marker	  layout	  on	  reference	  dataset	  then	  map	  to	  

others	  

–  Different	  weights	  matrix	  for	  each	  dataset	  
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Symmetry	  
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•  Combine	  5	  datasets	  and	  map	  to	  Model	  #1	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

•  Simula;on	  data	  
–  Random	  markers	  on	  the	  rest	  pose	  

–  Random	  markers’	  mo;on	  

Original	  

Our	  solu;on	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

•  Simula;on	  data	  
–  Random	  markers	  on	  the	  rest	  pose	  

–  Random	  markers’	  mo;on	  

Original	  

Our	  solu;on	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

•  Leave	  one	  out	  cross	  model	  valida;on	  
–  4	  models	  as	  training,	  1	  model	  as	  tes;ng	  



Computer	  Graphics	  and	  Interac4ve	  Media	  lab	  

•  Leave	  one	  out	  cross	  model	  valida;on	  
–  4	  models	  as	  training,	  1	  model	  as	  tes;ng	  

RMSE	  ≈	  1mm	  
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•  Reconstruc;on	  error	  of	  the	  input	  data	  
80
	  m

ar
ke
rs
	  

LS-‐meshes	  
[Sorkine	  and	  Cohen-‐Or]	  

MSLS-‐meshes	  
[Southern	  and	  Zhang]	  

Our	  method	  
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(refer	  to	  our	  paper	  for	  more	  results)	  

•  Reconstruc;on	  error	  of	  the	  input	  data	  
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SE
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•  Select	  key	  points	  	  	  	  	  	  	  	  	  	  for	  animated	  facial	  mesh	  sequence	  
–  Compression	  

–  Edi;ng	  
–  Linear	  Blend	  Skinning	  
–  Compare	  to	  matrix	  factoriza;on:	  No	  need	  to	  store	  &	  transfer	  

•  More	  precise	  approxima;on	  
–  EigenSkin	  Correc;on	  (EC)	  [Kry	  et	  al.]	  
–  Key	  Point	  Subspace	  Accelera;on	  

(KPSA)	  [Meyer	  and	  Anderson]	  

(results	  on	  model	  #1	  only,	  refer	  to	  our	  paper	  for	  more)	  
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 Quan;ta;ve	  approach	  to	  op;mize	  marker	  layouts	  
–  With	  op;onal	  constraints:	  symmetry,	  boundary,	  mul;-‐resolu;on	  

  Applica;ons	  with	  beper	  performance	  than	  state	  of	  the	  art	  
methods:	  
–  Animated	  mesh	  sequence	  compression:	  LS-‐meshes,	  MSLS	  meshes	  

–  Facial	  data	  compression:	  Key	  Point	  Subspace	  Accelera;on	  	  
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 Quan;ta;ve	  approach	  to	  op;mize	  marker	  layouts	  
–  With	  op;onal	  constraints:	  symmetry,	  boundary,	  mul;-‐resolu;on	  

  Applica;ons	  with	  beper	  performance	  than	  state	  of	  the	  art	  
methods:	  
–  Animated	  mesh	  sequence	  compression:	  LS-‐meshes,	  MSLS	  meshes	  

–  Facial	  data	  compression:	  Key	  Point	  Subspace	  Accelera;on	  	  

×  Data	  dependent	  (data	  driven	  approach)	  
×  Linear	  deforma;on	  model	  

×  Local	  op;mum	  only	  
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