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Abstract—Unmanned Aerial Vehicles (UAVs) popularity is
increased in recent years, and the domain of application of this
new technology is continuously expanding. However, although
UAVs may be extremely useful in monitoring contexts, the
operational aspects of drone patrolling services have not yet
been extensively studied. Specifically, patrolling and inspecting
with UAVs different targets distributed over a large area is still
an open problem, due to battery constraints and other practical
limitations. In this work, we propose a deterministic algorithm
for patrolling large areas in a pre- or post-critical event scenario.
The autonomy range of UAVs is extended with the concept of
Social Drone Sharing: citizens may offer their availability to take
care of the UAV if it lands in their private area, being thus strictly
involved in the monitoring process. The proposed approach
aims at finding optimal routes in this context, minimizing the
patrolling time and respecting the battery constraints. Simulation
experiments have been conducted, giving some insights about the
performance of the proposed method.

Index Terms—Autonomous UAV, Optimization,
Robotics.
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I. INTRODUCTION

Multirotor drone technology is available on a large scale
on market and widely utilized in research. Indeed multirotors
are endowed with several specific features such as vertical
take-off and landing, the ability to hover freely in the air,
the reduced size and the possibility to be programmed, that
make them very interesting in different scenarios. Thanks to
all these characteristics, drones are now used in mapping [1],
in agriculture [2], in inspection sites [3] and soon they may
be also used in delivery. Emergency scenarios are another
domain where UAVs are becoming increasingly important
[4]. Indeed there are various examples in literature, starting
from the nuclear disaster of Fukushima [5] to the pandemic
disease caused from the virus Sars-Cov-2, where UAVs have
been successfully employed: in particular, drones have been
utilized to control the body temperature of a multitude of
people in the street during quarantine periods [6]. Despite their
effectiveness, a significant limit to the use of this technology
lies in the absence of true autonomy. This problem is twofold:

e autonomous navigation behavior, i.e. the capability to
autonomously coordinate a team of UAVs to perform
a patrolling operations, is missing, thus requiring expert
pilots also in the simpler operations.

¢ energetic autonomy, i.e., the capability to cover long
distances without the need to be recharged, is limited

to a time of flight of 15-30 minutes, thus resulting in a
reduced operative area.

Our proposal lies in the context of pre-operative or post-
operative intervention in emergency scenarios, where rescue
teams or the civil protection need to periodically monitor or
survey different critical targets located in various places taking
as little time as possible. These targets could be, for instance,
fields or woods whose dryness shall be periodically assessed
to prevent fires, soil slopes whose stability shall be monitored
before or after floods, critical infrastructure (hospitals, schools,
roads, bridges, etc.) whose risk shall be evaluated before or
after earthquakes. In most cases the maximum drone flight
time, generally defined by the drone technical specification,
is not sufficient to visits all targets. For these reasons, the
proposed approach aims to involve citizens in the monitoring
process, by introducing the new concepts of Social Charging
Stations (CS) and Social Drone Sharing (SDS).

More in detail we foresee a software architecture that is
compose by different elements. A platform that permits to
make in communication the authorities with the civil volun-
teers, making also them able to verify the status of the drones
involved in the patrolling activity and their flight plans in
real-time. Finally, by a computational architecture based on a
multiple deterministic approach that permits to first maximize
the coverage of the operational area given the availability of
the resident volunteers and second to evaluate the optimal path
for the UAVs taking into account the energy and the inspection
constraints.

Civil authorities can interface with the platform to change
the targets to survey depending on the need, and also visualize
the CS available in the operative area. Resident volunteers
give their availability through a mobile application, which
alerts the user if their help is required to prepare the landing
spot and to recharge the batteries if the drone lands on
their property. The purpose is to actively involved residents
volunteers in risk assessment and management areas, which
may be important especially in areas with low population
density where a community-based approach is repaid by a
greater safety.

Since resident volunteers are involved, which raises a num-
ber of logistics and legal issues, it is important to minimize
the number of the charging stations required and, at the same
time, maximize the inspection time in each target area. To this
aim, this work describes an approach to find optimal routes
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Fig. 1. Maximization of the target covering area via an optimal selection of
the charging station place.

for autonomously flying UAVs in patrolling contexts, taking
into account the new concepts of Social Drone Sharing.

II. PROBLEM STATEMENT

Our approach is based on the utilization of a single UAV, or
a team of completely autonomous drones which are given by
authorities to resident volunteers. The idea is that people give
their availability in securing a recharging station spot in their
property, such as a terrace or a garden, that a drone may use
if it requires to be recharged. The availability of the resident
volunteers are given as input to a first optimization algorithm,
based on a MILP implementation, that permits to maximize
the covering area, minimizing at the same time the number
of CS involved. An example of this optimization tool is given
in Figure 1, where the operative area is discretized and the
possible locations for the targets to be inspected are located
on the map. As visible in the figure, only the charging stations
that permit to reach the maximum number of targets keeping
the path continuity are chosen. In fact the criterion of selection
is also based on the energy autonomy of the UAV utilized,
indicated in the map via a circle (which ray length is based
on the distance covered by the UAV with half of a charge)
centered on each of the selected charging station. The solution
consist in an optimal selection of the charging stations, maxi-
mizing the number of reachable targets keeping also the path
continuity, as demonstrated by the overlap of different circles.
The second optimization algorithm, expansively described in
[7], take as input the targets and the charging station located in
a better strategical position. The optimization procedure, based
on a MILP algorithm defined by only two decision variables,
draw the best path that the UAV have to accomplish in order
to visit all the inspection targets, respecting also the energy
constraints imposed by the batteries charge. An example of
the algorithm is visible in Figure 2, where the performance
are exploited in a realistic simulation located in a rural area,
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Fig. 2. One solution of the iterative realistic simulation obtained with a
number of 14 charging station and an inspection time t;5;, = 1080s in each
target.

where the continuous patrolling of the agricultural field is
necessary. The charging stations are located near the house
of the resident volunteers. In the evaluation of the optimal
path, the energy autonomy (estimated in an empirical way) of
a DJI Mavic 2 Pro is considered. Each target is associated to
an inspection time required to complete the monitoring task.
Figure 2 shows the final solution obtained after an iterative
optimization process, where the inspection time required in
each target is increased until no more solutions can be found.
At this point more charging stations in various location are
added to the map and the optimization process is repeated,
obtaining the maximum inspection time in each target with
the maximum number of available charging stations, finally
placed on the map. In the solution depicted in Figure 2, a
maximum inspection time of ¢;,; = 1080s is obtained with
a total number of 14 charging stations and 5 targets. The
computational time required by the optimization algorithm,
running on Matlab on a Apple MacBook Pro equipped with
an Intel Core i5 and 8 Gb of RAM, is about ¢,,; = 5.9377s.

III. CONCLUSION AND FUTURE WORK

This paper proposes a novel approach for the optimal
routing of UAVs based on the new concepts of Social Charging
Stations and Social Drone Sharing. Indeed, involving citizens
in the monitoring process may be vital for increasing UAVs
patrolling capabilities. The approach has been preliminarily
validated with simulation experiments, analysing computa-
tional time and general performances, and eventually showing
its feasibility.

Future extensions of this work concern the possibility of
using more drones that share the Targets and their inspection
time.

In any case, the possibilities to expand this work, to adapt
it to a real patrolling scenario, are enormous, and all very in-
teresting to explore, ultimately leading to a wider deployment
of UAVs in critical contexts.
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