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We study the routing of Unmanned Aerial Vehicles (UAVs) in the presence of the risk of enemy threats. The main 

goal is to find optimal routes that consider targets visited, threat exposure, and travel time. We formulate a mixed integer linear 

program that maximizes the total number of visited targets for multiple UAVs, while limiting both the route travel time for each 

UAV and the total threat exposure level for all UAVs to predetermined constant parameters. The formulation considers a set 

covering vehicle routing problem where the risk of threat exposure and the travel time are modeled for each edge in a vehicle 

routing network. To reduce threat exposure, waypoints are generated within the network so routes can avoid high-risk edges. 

We propose several waypoint generation methods. Using the candidate waypoints, the UAV routes are optimized with 

branch-and-cut-and-price (BCP) methodology. Minimum dependent set constraints and a simple path heuristic are used to 

improve the computational efficiency of the BCP algorithm. Computational results are presented, which show that the BCP 

algorithm performs best when the number of waypoints generated a priori is about half the number of targets.  
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1. INTRODUCTION 

The importance of Unmanned Aerial Vehicles (UAVs) has increased recently in both military and civilian operations. 

An important advantage of using UAVs, especially in dangerous activities, is not jeopardizing the lives of humans, since there 

is no pilot or crew on board. A UAV can be used for various purposes and reach places and areas where human survival is risky 

or impossible. For example, in military applications, UAVs can be used in reconnaissance missions, spying, attacking targets 

by delivering ordinance and dropping bombs on them, or even search and rescue missions on the battlefield. While in civilian 

applications, UAVs can be used to monitor the environment (e.g. gathering information in inclement weather), monitor traffic 

congestion, monitor oil pipelines, and in disaster relief operations.  
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