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3D	
  Reasoning	
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  G.	
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  Thesis,	
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  1963	
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  1985-­‐87	
  	
  

•  …	
  has	
  recently	
  made	
  it	
  out	
  of	
  the	
  lab	
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  Kinect,	
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•  Inria	
  3DMovie	
  Dataset:	
  	
  Annotated	
  stereo	
  pairs	
  
•  440	
  training	
  stereo	
  pairs,	
  36	
  test	
  video	
  sequences	
  
•  Labelling:	
  686	
  person	
  segmenta,on,	
  587	
  poses,	
  1158	
  
person	
  bounding	
  boxes	
  

3D	
  in	
  the	
  Wild	
  :	
  Stereo	
  Movies	
  

Available	
  at:	
  hcp://www.di.ens.fr/willow/research/stereoseg	
  



3D	
  in	
  the	
  Wild:	
  The	
  Goal	
  

•  Layered	
  segmenta,on	
  of	
  people	
  in	
  
stereoscopic	
  videos	
  

StreetDance	
  3D	
  (2010)	
  



•  Pixel-­‐wise	
  segmenta,on,	
  pose	
  es,ma,on	
  
•  Rela,ve	
  depth	
  ordering	
  

3D	
  in	
  the	
  Wild:	
  The	
  Goal	
  

front	
  

back	
  

StreetDance	
  3D	
  (2010)	
  



Why	
  is	
  this	
  task	
  important?	
  

•  A	
  mid-­‐level	
  representa,on	
  for	
  subsequent	
  
recogni,on	
  tasks	
  

•  Annotated	
  data	
  for	
  learning	
  to	
  segment	
  
people	
  in	
  monocular	
  videos	
  
– e.g.,	
  90min	
  movie	
  à	
  150000	
  annotated	
  frames	
  

•  Interac,ve	
  annota,on/edi,ng	
  tools	
  



•  Unrestricted	
  indoor/outdoor	
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How	
  challenging	
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  Sivic,	
  Laptev,	
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  2013	
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  Alahari,	
  Sivic,	
  Laptev,	
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Overview	
  

•  Given	
  the	
  disparity	
  (d),	
  es,mate	
  
– Pixel	
  labels	
  (xi):	
  Denotes	
  the	
  person	
  
– Poses	
  (Θ):	
  The	
  pose	
  of	
  each	
  person	
  
– Layers	
  (τ):	
  The	
  layered	
  ordering	
  of	
  people	
  



Overview	
  

•  Define	
  the	
  es,ma,on	
  as:	
  

•  NP-­‐hard	
  to	
  solve	
  [Boros	
  and	
  Hammer,	
  2002]	
  

•  Approximate	
  it	
  as:	
  



Overview	
  

•  A	
  2-­‐step	
  approach	
  

–  Es,mate	
  disparity	
  parameters	
  

– Minimize	
  

[Boykov	
  et	
  al.	
  2001]	
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Energy	
  func,on	
  

[Wang	
  &	
  Adelson	
  1994,	
  Torr	
  et	
  al.	
  2001,	
  Sun	
  et	
  al.	
  2010,	
  Yang	
  et	
  al.	
  2011]	
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Energy	
  func,on:	
  Minimiza,on	
  

•  Recall:	
  2-­‐step	
  approach	
  

–  Es,mate	
  disparity	
  parameters	
  

– Minimize	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  [Boykov	
  et	
  al.	
  2001]	
  



Detec,on	
  &	
  Pose	
  Es,ma,on	
  Results	
  

APK	
  measure	
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  Results	
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Segmenta,on	
  Results	
  

•  H2view	
  dataset	
  [Sheasby,	
  Valen,n,	
  Crook,	
  Torr,	
  2012]	
  



Segmenta,on	
  Results	
  



Summary:	
  Part	
  I	
  

Video	
  sequence	
  

Pose	
  

Segmenta,on	
  
+	
  

Layered	
  order	
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Human	
  Pose	
  Es,ma,on	
  

Poses	
  in	
  the	
  Wild	
  dataset:	
  	
  Cherian	
  et	
  al.,	
  CVPR	
  2014	
  



Human	
  Pose	
  Es,ma,on	
  (Image)	
  

•  Formulated	
  as	
  a	
  graph	
  op,miza,on	
  problem	
  

Yang	
  and	
  Ramanan,	
  CVPR	
  2011	
  



Human	
  Pose	
  Es,ma,on	
  (Video)	
  

•  Extension	
  to	
  videos:	
  introduce	
  temporal	
  links	
  
•  Inference	
  is	
  now	
  computa,onally	
  intensive	
  –	
  
requires	
  approximate	
  methods	
  

e.g.,	
  Sapp	
  et	
  al.,	
  ’11,	
  Tokola	
  et	
  al.,	
  ’13	
  



Human	
  Pose	
  Es,ma,on	
  (Video)	
  

•  Extension	
  to	
  videos:	
  introduce	
  temporal	
  links	
  
•  Inference	
  is	
  now	
  computa,onally	
  intensive	
  –	
  
requires	
  approximate	
  methods	
  

•  e.g.,	
  
– Change	
  graph	
  structure	
  	
  [Sapp	
  et	
  al.	
  ’11,	
  Weiss	
  et	
  al.	
  ’11]	
  

– Use	
  approximate	
  inference	
  	
  [Ferrari	
  et	
  al.	
  ’08,	
  Wang	
  et	
  al.	
  ’08,	
  
Park	
  &	
  Ramanan	
  ’11,	
  Tokola	
  et	
  al.	
  ’13]	
  



Human	
  Pose	
  Es,ma,on	
  (Video)	
  

•  Approximate	
  the	
  graph	
  as	
  combina,on	
  of	
  trees	
  

•  Computa,onally	
  expensive	
  for	
  long	
  sequences	
  

Sapp,	
  Weiss,	
  Taskar,	
  CVPR	
  2011	
  



Human	
  Pose	
  Es,ma,on	
  (Video)	
  

•  Compute	
  a	
  candidate	
  set	
  of	
  poses	
  in	
  each	
  frame	
  
•  Then,	
  track	
  (en,re	
  pose	
  or	
  pose-­‐parts)	
  over	
  ,me	
  

•  Limited	
  by	
  the	
  no.	
  of	
  candidates	
  or	
  regulariza,on	
  
Park	
  and	
  Ramanan,	
  ICCV	
  2011;	
  Ramakrishna,	
  Kanade,	
  Sheikh,	
  CVPR	
  2013	
  



Our	
  Pose	
  Es,ma,on	
  Approach	
  

•  Combines	
  
1.  Candidate	
  pose	
  set	
  
•  Generate	
  becer	
  candidates	
  

	
  
2.  Decomposi,on	
  strategy	
  
•  Generate	
  limb	
  sequences	
  and	
  recompose	
  the	
  pose	
  

Cherian,	
  Mairal,	
  Alahari,	
  Schmid,	
  CVPR	
  2014	
  



Becer	
  Candidate	
  Poses	
  

•  Stabilize	
  the	
  lower-­‐limb	
  pose	
  es,mates	
  



De/Re-­‐	
  composi,on	
  

•  Decompose	
  poses	
  and	
  perform	
  limb-­‐tracking	
  



Pose	
  Es,ma,on	
  Video	
  Datasets	
  
•  VideoPose	
  	
  [Sapp	
  et	
  al.	
  ’11]	
  

	
  
•  MPII	
  Cooking	
  Ac,vi,es	
  	
  [Rohrbach	
  et	
  al.	
  ’12]	
  

•  Interes,ng	
  preliminary	
  benchmarks,	
  but	
  
– Limited	
  occlusion,	
  shot	
  indoors,	
  sta,c	
  camera,	
  
pre-­‐processed	
  (head	
  alignment)	
  



Poses	
  in	
  the	
  Wild	
  Dataset	
  

•  30	
  (test)	
  sequences	
  from	
  3	
  Hollywood	
  movies	
  
•  Manually	
  annotated	
  upper-­‐body	
  pose	
  in	
  ~900	
  
frames	
  

Available	
  at:	
  hcp://lear.inrialpes.fr/research/posesinthewild/	
  



Human	
  Pose	
  Es,ma,on:	
  Elbows	
  



Human	
  Pose	
  Es,ma,on:	
  Wrists	
  



Benefits	
  of	
  decomposi,on	
  



Benefits	
  of	
  decomposi,on	
  



Human	
  Pose	
  Es,ma,on	
  



Pose	
  Es,ma,on	
  and	
  Segmenta,on	
  
of	
  Mul,ple	
  People	
  in	
  (Stereoscopic)	
  Videos	
  

Human	
  Pose	
  Es,ma,on	
  in	
  Videos	
  

+	
  

In	
  summary	
  


