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Operating unmanned aerial vehicles (UAVs) 
over inhabited areas creates a risk to third-
parties on the ground. 
 
The risk measure is the expected number of fatalities.  The risk along a 
segment between two points depends upon the probability that the aircraft will 
crash during that time, the lethal crash area, and the expected population 
density along that segment: 
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Optimizing UAV paths requires considering 
both time and risk.  
 
The approach calculates the time and risk associated with each edge in a 
network of possible paths and then solves a shortest path problem on that 
network.   
The objective function is a weighted sum of the total time and total risk. 

Our grid-based approach reduces the 
computational effort. 
Population density calculations can be based on a grid of points instead of 
examining the polygonal census blocks. 
Using the population density grid can significantly reduce (over 90%) the 
computational effort required to estimate risk with small impact (less than 1%) 
on risk estimate. 
 

Our prototype software displays the time vs. 
risk tradeoff curve and the path options. 
The problem is solved with different values of weights to generate a set of 
solutions.  The lowest-risk solutions often take long routes through areas with 
lower population density; the shortest routes go through high-density areas, 
which increases risk. 
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