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1.	  Introduc7on	  
•  Decision	  making	  under	  uncertainty	   -‐	   fundamental	  problem	  in	  
autonomous	  systems	  and	  ar7ficial	  intelligence	  

•  Objec7ve:	   find	   ac7on(s)	   that	   minimizes	   an	   informa7on-‐
theore7c	  objec7ve	  func7on	  (e.g.	  entropy)	  

•  Decision	  making	  over	  high-‐dim.	  state	  spaces	  is	  expensive!	  
•  Evalua7ng	  impact	  of	  a	  candidate	  ac7on	  -‐	  	  	  	  	  	  	  	  	  	  	  	  	  	  with	  
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O(n3) x 2 Rn

2.	  Introduc7on	  –	  Mo7va7ng	  Example	  
•  Ac7ve	  SLAM,	  belief	  space	  planning	  

§  State:	  
§  pdf:	  

•  How	  to	  autonomously	  determine	  future	  ac7on(s)?	  
•  Involves	   reasoning,	   for	   different	   candidate	   ac7ons,	  

about	  

p (x0:k|z0:k, u0:k�1)

p (x0:k+L|z0:k, u0:k�1, uk:k+L�1, zk+1:k+L)

3.	  Concept	  
•  Resort	   to	   conserva7ve	   informa7on	   fusion	   techniques	  
for	  informa7on-‐theore7c	  decision	  making	  

•  Conserva7ve	   informa7on	   fusion	   approaches	   (e.g.	   [2])	   -‐	  
Allow	   to	   consistently	   fuse	   informa7on	   from	   mul7ple	  
correlated	  sources,	  without	  knowing	  the	  correla7on	  

•  Key	   idea:	  Reduce	  computa7onal	  complexity	   in	  decision	  
making	  by	  (appropriately)	  dropping	  correla7ons	  

•  Extreme	  case	  -‐	  drop	  all	  correla7ons:	  
•  Do	  we	  get	  the	  same	  performance??	  

O(n3) O(n)

	  

•  Consider	  some	  two	  ac7ons	  a	  and	  b	  with	  measurement	  
models	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  and	  	  

•  Theorem:	  
za = ha (x) + va zb = hb (x) + vb
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•  In	  words:	   the	   impact	   of	   any	   two	   candidate	   ac7ons	   has	   the	   same	   trend	   regardless	   if	   it	   is	   calculated	  
based	  on	  the	  original	  or	  conserva7ve	  informa7on	  space	  

•  Therefore:	  decision	  making	  can	  be	  done	  considering	  a	  conserva7ve	  informa7on	  space	  

5.	  High-‐Dimensional	  State	  Space	  
•  Is	  the	  concept	  valid?	  
•  Going	   to	   the	   extreme:	   appropriately	   drop	  
all	  correla7on	  terms.	  	  

•  Decoupled	  conserva7ve	  pdf:	  
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6.	  Concept	  is	  Valid	  (at	  Least)	  for	  
	  

① Observa7on	  models	  that	   include	  the	  same	  arbitrary	  
states,	   possibly	   with	   different	   measurement	   noise	  
covariance	  

② Unary	   observa7on	   models,	   possibly	   involving	  
different	  states	  

③  Pairwise	   observa7on	   models	   with	   the	   same	  
uncorrelated	  state	  	  	  :	  

zi = h (X 0) + vi X 0 ✓ X

zi = hi (xi) + vi xi 2 X

zi = hi (xi, x) + vi x, xi 2 X
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4.	  Theorem	  –	  1D	  Case	  
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Ac7on	  a	  
	  	  	  	  is	  measured	  x2

	  

Ac7on	  b	  
	  	  	  	  is	  measured	  x1

a	  priori	  covariance:	  
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� 8.	  Applicable	  to	  Ac7ve	  SLAM?	  –	  Key	  Ques7ons	  
The	  following	  aspects	  are	  suggested	  for	  future	  inves7ga7on:	  
•  More	   general	   observa7on	   models,	   e.g.	   binary	   models	  
involving	  robot	  poses	  and	  landmarks	  (addressed	  in	  [1]	  for	  
specific	  cases).	  

•  Examine	  concept	  while	  incorpora7ng	  control	  terms.	  
•  Ac7ve	   focused	   inference	   [3]	   (objec7ve	   func7on	   involves	  
only	  part	  of	  the	  variables).	  

•  Mul7-‐step	   planning	   horizon	   to	   support	   planning	   in	   the	  
conserva0ve	  belief	  space	  
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Do	  not	  need	  correla7ons	  to	  decide	  which	  
ac7on	  is	  beger!	  

7.	  2D	  Example	  for	  Case	  	  
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