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Abstract 

This talk studies optimal exploration, defined as the optimal collection of information about given objects of interest 
by a flying, mobile agent (the explorer) using imperfect sensors whose signal-to-noise ratio depends on the ranges to 
the objects of interest.  The key aspects of exploration are kinematics (which determine how the explorer moves in 
response to steering commands), energetics (which determine how much energy is consumed by motion and 
maneuvers) and informatics (which determine the rate at which information is collected).  These aspects are coupled 
through the steering commands of the explorer, which makes the exploration problem challenging. 

 

This talk presents a comprehensive model of the exploration problem that, on one hand accounts for the coupling 
between kinematics, energetics and informatics, and on the other hand is simple enough to allow analytic treatment.  
The kinematics model assumes bank-to-turn motion with constant speed and altitude.  The energetics model uses 
standard flight mechanics equations assuming quasi-static equilibrium flight.  The informatics model uses 
Shannon’s channel capacity equation for the rate of information collection, in which the signal-to-noise ratio is 
provided by the radar equation. 

 

This talk utilizes the comprehensive model to pose and solve several exploration problems where an objective 
function is to be minimized.  Specific objective functions considered are the duration of the exploration mission and 
the energy consumed.  These exploration problems are formulated as optimal control problems where the states are 
the coordinates of the explorer and the amount of information acquired about each object of interest, and the control 
signal is the steering decision of the explorer.  Necessary conditions for optimality are obtained in the form of two-
point-boundary-value-problems and utilized to derive properties of optimal exploration paths.  Several limiting 
regimes are identified for the optimal paths.  Several non-dimensional parameters are shown to predict the optimal 
regime.  Examples are given to illustrate the theoretical results. 
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