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Goal	
  
Computa9onal	
  framework	
  that	
  captures	
  the	
  
human	
  ability	
  to	
  quickly	
  es9mate	
  how	
  to	
  use	
  
novel	
  objects.	
   Which	
  of	
  these	
  objects	
  would	
  you	
  use	
  to	
  mash	
  potatoes?	
  	
  

	
  How	
  would	
  you	
  grasp	
  that	
  object?	
  

Proposed	
  Approach	
  

Implementa9on	
  Overview	
  

Experiment	
  3:	
  Generalizing	
  to	
  novel	
  objects	
  and	
  novel	
  tasks	
  

1.   Visual	
  Features	
  to	
  es9mate	
  
iner9al	
  parameters	
  

2.   Propriocep*ve	
  Experience	
  to	
  
teach	
  module	
  1	
  

3.   Model-­‐Predic*ve	
  Control	
  to	
  run	
  
internal	
  models	
  and	
  generate	
  
real-­‐world	
  behavior	
  

Use	
  vision	
  to	
  es9mate	
  
object	
  geometry	
  and	
  
material.	
  	
  Density	
  and	
  
geometry	
  give	
  iner9al	
  

es9mates.	
  
Propriocep9ve	
  experience:	
  torque	
  

and	
  accelera9on	
  Use	
  MPC	
  to	
  hold	
  object	
  at	
  arm’s	
  length	
  

−0.1 0 0.1 0.2 0.3 0.4 0.5 0.6
−0.1

0

0.1
−0.4

−0.3

−0.2

−0.1

0

0.1

XY

Z

Update	
  belief	
  about	
  material	
  
density	
  to	
  best	
  match	
  

propriocep9ve	
  experience	
  

1000 2000 3000 4000 5000 6000 7000
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

density (kg/m3)

pr
ob

ab
ilit

y

•  Robot	
  given	
  4	
  objects	
  	
  
•  Robot	
  tries	
  to	
  hold	
  each	
  object	
  level	
  at	
  arm’s	
  length	
  
•  Ver9cal	
  displacement	
  of	
  object	
  endpoint	
  is	
  measured	
  
•  Hollow	
  decoy	
  object	
  presented	
  last	
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Density	
  es9mate	
  improves	
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Object 4
Decoy
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•  3	
  objects,	
  all	
  with	
  same	
  mass	
  
•  Procedure	
  similar	
  to	
  Experiment	
  1	
  
•  Decoy	
  object	
  has	
  appearance	
  of	
  first	
  object,	
  but	
  
center	
  of	
  mass	
  of	
  second	
  object.	
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Decoy

Objects	
   Exaggerated	
  response	
  to	
  decoy	
  

Experiments	
  1	
  and	
  2:	
  Learning	
  

Hold	
  training	
  object	
  
level	
  at	
  arm’s	
  length	
  	
  

Choose	
  grasp	
  (top	
  or	
  
bo-om)	
  on	
  novel	
  object	
  that	
  
requires	
  least	
  energy	
  to	
  hit	
  
target	
  with	
  a	
  given	
  force.	
  	
  
Never	
  hold	
  the	
  novel	
  object	
  

Repeat	
  with	
  different	
  random	
  
seeds,	
  look	
  at	
  percent	
  correct	
  
grasps	
  chosen	
  as	
  a	
  func9on	
  of	
  
number	
  of	
  training	
  objects	
  
held.	
  

Conclusions	
  
•  Framework	
  learns	
  to	
  manipulate	
  new	
  objects	
  for	
  new	
  tasks	
  
•  Framework	
  explains	
  an	
  exis9ng	
  experiment,	
  suggests	
  a	
  new	
  experiment,	
  and	
  predicts	
  results	
  	
  
•  Can	
  be	
  implemented	
  on	
  a	
  robot	
  


