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Ac+vity	  Logger	  
•  Fuse	  all	  derived	  signals	  and	  output	  “ac+on”	  
•  Time-‐series	  graphical	  model	  (i.e.	  CRF,	  S-‐LDS,	  HMM)	  
	  
Pa+ent	  Body	  Tracker	  
•  Establish	  metric	  for	  “unsafe”	  mo+on	  
•  Track	  body	  over	  +me	  
•  Trigger	  alert	  (and	  log)	  when	  problema+c	  

Ac5on	  Recogni5on	  
Staff	  gestures	  
•  Determine	  sub-‐ac+ons	  

–  i.e.	  Inser+ng	  tube	  
•  Correlate	  input	  w/	  each	  

known	  gesture’s	  PCA	  basis	  
•  Temporal	  window?	   Current	  results	  



gesture	  literature	  @	  TUM	  
Authors:	  Ali	  Bigdelou,	  Tobias	  Benz,	  Loren	  Schwarz,	  Nassir	  Navab	  
	  
1)	  Simultaneous	  Categorical	  and	  Spa+o-‐Temporal	  3D	  Gestures	  	  
Using	  Kinect,	  (3DUI’12)	  
	  
2)	  An	  Adap+ve	  Solu+on	  for	  Intra-‐Opera+ve	  Gesture-‐based	  
Human-‐Machine	  Interac+on,	  Intelligent	  User	  Interfaces	  (ICIUI’12)	  
	  
3)	  Learning	  Gestures	  for	  Customizable	  Human-‐	  Computer	  
Interac+on	  in	  the	  Opera+ng	  Room,	  MICCAI’11	  
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idea	  

	  
	  
	  
	  
	  

	  
Learn	  and	  iden+fy	  a	  set	  of	  con+nuous	  gestures	  

	  for	  manipula+ng	  medical	  imagery	  
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[Bigdelou,	  MICCAI’11]	  
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sensing	  modali+es	  

	   	  Kinect 	   	   	   	   	   	   	   	   	  IMUs	  
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[Bigdelou,	  MICCAI’11]	  



problem	  

1)	  Lots	  of	  data!	  
Kinect:	   	  15	  joints	  	  *	  (X,Y,Z)	   	   	  =	  45	  dimensions	  
IMUs: 	  4	  devices	  *	  Quaternion 	  =	  16	  dimensions	  

Solu5ons:	  	  
Dimensionality	  reduc+on:	  
–  PCA	  +	  Max	  Likelihood	  
–  Manifolds	  +	  Par+cle	  Filter	  +Max	  Likelihood	  

2)	  Phase	  detec5on	  
Normalized	  spa+al	  value	  

Solu5on:	  	  
–  Kernel	  Regression	  Map	  

10	  [Bigdelou,	  3DUI’12]	  



dimensionality	  reduc+on	  
Principal	  Components	  Analysis	  
Intui+on:	  Find	  the	  greatest	  variance	  in	  the	  data!	  
	  

11	  [Wikipedia]	  



dimensionality	  reduc+on	  
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All	  gesture	  poses	   Per	  class	  PCA	  component	   Per	  class	  normaliza+on	  



dimensionality	  reduc+on	  
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kernel	  regression	  
Intui5on:	  weight	  test	  data	  with	  each	  of	  the	  training	  data	  
	  
Calculate	  normalized	  value:	  
	  
Calculate	  weights:	  
	  
Calculate	  class:	  
	  
Smooth	  weights	  
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dimension	  reduc+on	  
Manifold	  learning	  
Intui+on:	  Find	  linear	  embedding	  from	  non-‐linear	  space	  
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[Wikipedia]	  



dimension	  reduc+on	  
Laplacian	  Eigenmaps	  (16	  dim	  to	  2	  dim)	  

1)  Find	  nearest	  neighbors	  	  
2)  Calculate	  “commute”	  +me	  between	  each	  neighbor	  
3)  Compute	  eigenvalues	  of	  commutes	  

16	  [Bigdelou,	  MICCAI’11]	  



kernel	  regression	  
Intui5on:	  weight	  test	  data	  with	  each	  of	  the	  training	  data	  
	  
Calculate	  normalized	  value:	  
	  
Calculate	  weights:	  
	  
Calculate	  class:	  
	  
Smooth	  weights	  
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tracking	  
Par5cle	  filter	  
Intui+on:	  Es+mate	  class	  from	  sampling	  of	  prior	  distribu+ons	  
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[Bigdelou,	  MICCAI’11]	  



tracking	  
Par5cle	  filter	  
	  
	  
	  
	  
	  

x	  =	  embedding	   	  	  s	  =	  pose 	   	  g():	  x	  -‐>	  s 	   	  	  f():	  s	  -‐>	  x	  
	  
Then:	  	  

–  Calculate	  max	  likelihood	  of	  classes	  
–  Average	  x	  over	  es+mated	  class	  
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Prob	  of	  sensor	  reading	  
	  for	  each	  class/embedding	  

Sample	  current	  pose	  value	  	  
centered	  at	  training	  point	  

(embedded	  space)	  

Sample	  current	  embedded	  value	  	  
centered	  at	  each	  training	  point	  

(pose	  space)	  



pipeline	  
	  
	  
	  
	  
	  
	  

20	  

[Bigdelou,	  3DUI’12]	  



kinect	  results	  
Par5cle	  filter	  
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[Bigdelou,	  3DUI’12]	  



imu	  results	  
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[Bigdelou,	  MICCAI’12]	  



user	  study	  
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[Bigdelou,	  3DUI’12]	  



user	  study	  
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Kinect	  
Common	  Data	  Set	  

Kinect	  
Personalized	  Data	  Set	   IMU	  

[Bigdelou,	  3DUI’12]	  



	  

Ques5ons?	  
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