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Three Issues 

• How do we pose the objective of actively seeking information 
as a part of the motion synthesis problem? 

 

• How do we devise motion strategies that accommodate 
‘minimal sensing’? 

 

• The problem of information asymmetry and its relevance to 
robotics (just a few remarks on this one) 
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Q1: In Terms of Tasks of Mobile Robots 
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Exploration and SLAM 
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Mapping with Particle Filters 

• Each particle represents a possible trajectory of the robot 

 

• Each particle  

– maintains its own map and  

– updates it upon “mapping with known poses” 

 

• Each particle survives with a probability proportional to the 
likelihood of the observations relative to its own map 
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Factorized Mapping Problem  
(Rao-Blackwellization) 
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Particle Filter for Mapping 
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Combining Exploration and SLAM 

• The previous approaches are purely passive 

• By reasoning about control, the mapping process can be made 
much more effective 

 

• Question: Where to move next? 
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Decision Theoretic Approach 

• Learn the map using a Rao-Blackwellized particle filter 

• Consider a set of potential actions 

• Apply an exploration approach that minimizes the overall 
uncertainty 

 

  Utility = uncertainty reduction - cost 
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Exploration Problem 
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Uncertainty of a Posterior 

• Entropy is a general measure for the uncertainty of a posterior 

 

 

 

 

• Information Gain = Uncertainty Reduction 
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Entropy Computation 
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Computing Map and Pose Uncertainty 
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Computing Entropy of the Map Posterior 
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Map Entropy 
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Trajectory Posterior Entropy 
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Information Gain 
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Computing Expected Information Gain 

• To compute the information gain one needs to know the 
observations obtained when carrying out an action 

 

• This quantity is not known! Reason about potential 
measurements 
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The Utility 

• To take into account the cost of an action, we compute a 
utility 

 

 

 

• Select the action with the highest expected utility 
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Q2: In Terms of I-Spaces 
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History of Information Spaces 
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What is a Sensor? 
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What is a Sensor, again? 
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Physical vs. Virtual Sensors 
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Consider this Mobile Robot 
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Problem Structure 
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State Space for Planar Mobile Robot 
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State Space given a Map 
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State Space for One of Many Maps 
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State Space for Unknown Map 
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State Space for Unknown Map 
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Placing Bodies into Environments 
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Sensor Mapping 
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Sensor Mapping: Extreme Examples 
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Projection Sensor 
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More Interesting: Directional Depth 
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Omnidirectional Version 
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Understanding the Omnidirectional Sensor 
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New Category: Detection Sensor 
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Relational Sensors 
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Gap Sensor 
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Simple Gap Sensor 
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Multibody Gap Sensing 
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So what?! 
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Can we Build “Filters”? 
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Triangulation: Preimage Intersection 
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Triangulation in Stereo Vision 
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Relation to Linear Algebra 
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Handling Disturbances 
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Over State-Time Space 
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Filtering Over Time 
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Time Parameterized Sensor Mapping 
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Answers to Our Questions 
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Moving On: Nondeterministic Filters 
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Operation of Nondeterministic Filters 

26/03/2012 Structure and Synthesis of Robot Motion 55 



Combinatorial Filters 
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Obstacles and Beams 

26/03/2012 Structure and Synthesis of Robot Motion 57 



Multigraph Representation 
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Nondeterministic Region Filter 
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Two Bodies 
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Two-bit Filter 

26/03/2012 Structure and Synthesis of Robot Motion 61 



Multi-Body Filter 
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Challenge 
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Q3: Asymmetry in Strategic Settings 

• A big issue! Occurs in numerous robotics problems such as 
human-robot interactions 

• Modelling this is an on-going challenge 

• Some model from social sciences, e.g., market for lemons 
– Decisions with ‘quality uncertainty’ 

– One person (seller) knows more than another (buyer) 

– What will be interaction look like? What should they do? 
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