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Abstract— We present in this paper the preliminary results of
an area inspection using a swarm of Unmanned Aerial Vehicles.
The map of the inspected area is processed to extract navigable
zones. After selecting Points Of Interest (POI) in the image of the
inspected area, a seperate navigation path is extracted for each
UAV. The UAVs follow the given path using their onboard sensors,
and stream in real time a video feedback to the supervision station,
where a human operator can at any time assign a new point of
interest for the inspection purpose or take back manual control.

I. INTRODUCTION

The democratization of small Unmanned Aerial Vehicles
(UAVs) has allowed a huge leap in mobile robotics. They
have been used alone, or coupled with Unmanned Ground
Vehicles (UGVs) in a wide range of applications, going from
mapping [1], [2], [3], [4], [5], to surveillance and inspection
missions [6], [7], [8], [5], [9]. When deployed alone, UAVs
may suffer from the limited range of application, particu-
larly when using Vertical Take-Off and Landing (VTOL)
vehicles, where their battery life allows in best cases 30
minutes of flying time, which adds the time restriction for
a given mission, especially when covering large areas. For
this reason, works in [10], [11], [12], [13], [14], [15], [16],
[17], [18], [19] have used multiple UAVs to overcome this
problem, along side with other challenges that a single UAV
may face such as connectivity, coverage, etc... Adding to
that, using multiple UAVs is generally the most effective
way to successfully complete a task within a reasonable
frame of time. Inspired mainly from nature (eg. ants), this
cooperation consists in working together and reasoning
about each other’s capabilities in order to accomplish a joint
task [20]. Cooperation between UAVs in particular, and in
mobile robotics in general, attracts increasingly the attention
of research groups. It has opened the field to new applications
that could not be possible (or very delicate) to achieve using
a single robot system, where the design and consequently the
control complexity increases with the mission requirements.
In cooperation scheme the robots work together to achieve
the predefined goal, and their architecture is kept at simpler
level. Nevertheless, cooperation between mobile robots raises
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different challenges, from task allocation to behavior selec-
tion. We present in this paper our first steps towards multiple
UAVs cooperation for area inspection mission. The present
work covers both preliminary theoretical and experimental
aspects towards such an application using multiple UAVs.

We present in section II the autonomous inspection frame-
work using a swarm of UAVs. Followed by the architecture
design in section III. The experimental setup will be pre-
sented in section IV. The conclusion and future work will
be discussed in section V.

II. THE INSPECTION FRAMEWORK

To meet real world applications, the presence of a constant
supervision of a human operator is primordial. The manual
control of any component of the system should be accessible
at any time. For this purpose we included a human in our
system. The main purpose of the human operator is the high
end tasks allocation like the places to inspect, where he
has, by a simple click, select the desired Points Of Interest
(POI) on the inspected area image (figure 1). We took as an
example the site of University of Le Havre (France). The
map was taken from a satellite imagery website [21].

Fig. 1. Inspection site

Besides the manual POI selection, another way to perform
the inspection mission is the autonomous POI assignment.
This scenario is for patrolling the site in a routine basis.



In both cases (manual and autonomous POI selection), the
UAVs will be dispatched to these points autonomously.
During their flight, the UAVs stream in real time their video
feed captured from their onboard cameras, and the human
operator will have on the ground station a Closed-circuit
television (CCTV) like screen including the streaming of the
each UAV assigned with its ID number.

III. ARCHITECTURE DESIGN

The chosen infrastructure is a client/server type. Where
a ground station acts like the server that plays the role of
the bridge between several UAVs used for the inspection
mission, and the supervision devices used by the human
operator (figure 2). We developed a java based application
that can be run on multiple supervision terminals, which are
the devices that can be used by the human operator in order
to supervise the fleet and select the patrolling mode (manual
or autonomous POI selection).

Fig. 2. Global architecture

Each UAV is equipped with a down facing camera to
provide a global view of the area. The taken video is
streamed in real time to the ground station (server), in order
to be fed afterwards to the supervision devices.

A. Autonomous navigation

After selecting POIs on the inspection area image (pre-
viously shown in figure 1), the navigation path for each
UAV needs to be extracted. A first necessary step consists in
extracting the possible path of each UAV. For this purpose
different methods are available. Some are texture based [22],
others are color based [23], but both presume that the free
path are structured roads, which is not the case in hazardous
environments. Other methods for ground navigation use
monocular vision [24], or stereo-vision [25].

These techniques can be classified according to their usage
into two categories, on-line methods, where the information
is extracted in real-time to be used for navigation, or off-
line methods, where the information is processed prior to the
mission in order to be used later. As a first effort towards
the autonomous navigation, and for time constraint, we used
a simplified, manual off-line method to extract free path
spaces.

The image of the area to be inspected is meshed into
regular cells. Each cell has at least the size of the used UAV
with safety diameter. After that we select manually with the
mouse the forbidden zone (black squares in figure 3).

Fig. 3. Free path extraction

1) Path planing: After selecting the obstacles in the
image of the inspected area, the path for the UGV is then
extracted using a shortest path algorithm based on its actual
location and its destination. Shortest path algorithms are a
popular subject within computer science community, and
the literature is rich with those algorithm. Two of the most
popular shortest path algorithms are A star (A*) [26] and
Dijkstra [27].

Consider an area to be inspected regularly, the best so-
lution to implement in this case is the Dijkstra algorithm.
Considering one cost function to move from a cell to another,
Dijkstra’s algorithm calculates the shortest path from the
source, supposed to be the control tower where the human
operator is located, and where the vehicles are located
initially, to each cell in the zone. This will avoid to process
the map again unless the human operator wants to inspect
another area, in this case the source will be the actual location
of the UGV.

We implemented in Processing [28] a Dijkstra like al-
gorithm. After extracting the free path zones, the human
operator selects the destination of the UAVs, and the shortest
path to that location will be extracted (figure 4).



Fig. 4. Trajectory generation

The extracted shortest path will be converted into naviga-
tion waypoints to be used by the UAVs. These waypoints can
be represented by metric values if the body reference of the
UAVs is used (odometery navigation), or GPS coordinates
if the signal is available. Please note that another restriction
should be taken in consideration when performing this al-
gorithm for multiple UAVs, where to avoid collisions, after
extracting the path of each UAV, the corresponding cells are
turned into occupied cells, and cannot be further used for the
next UAV shortest path navigation.

IV. EXPERIMENTAL RESULTS

For the experiments we have used an off-the-shelf com-
mercially available UAV, which is the AR Drone 2.0 from
parrot [29]. This choice of using the AR Drone is based on
its cost, simplicity, and the available Software Development
Kit (SDk) provided by the manufacturer, as well as the large
community working with this platform, which provides a
solid basis for troubleshooting.

A. Communication protocols

The communication with the AR Drone goes through dif-
ferent canals both on Transmission Control Protocol (TCP),
or User Datagram Protocol (UDP). This is a bidirectional
communication.

Once the UAVs connected to the server, the following
services are available:

• The UAV configuration (UDP, port 5556). The usage
of ATtention commands (AT commands) allow the
modification of the configuration of the UAV for the
calibration and piloting purposes.

• Navigation data (navdata, UDP, port 5554). Once the
UAV is online, the navigation data (IMU feedback,
speed, altitude, etc.) can be received through this port.

• Video flow (TCP, port 5555). The AR Drone 2.0 is
equipped with an HD (720p) front facing camera, and
a VGA down facing camera. The flow of these cameras
can be received on this port separately (one camera flow
at a time).

• Reading UAV configuration (TCP, port 5559). The UAV
sends its configuration file containing its different pa-
rameters through this port.

B. Topology

The default topology of the AR drone 2.0 is in mode mas-
ter, in which the UAV acts as an access point, and the client
connects to this access point in order to communicate with
the AR Drone through the previously mentioned protocols
and ports (figure 5.

Fig. 5. Single user topology (default)

We can notice that each client (each network interface)
connects to a separate UAV. It is clear that this mode cannot
be used for our application, where several UAVs are present
in the architecture, and following the default configuration,
the client should have several network interfaces in order to
connect to each UAV separately.

To overcome this problem, we used the infrastructure
topology (figure 6). The UAVs as well as the supervision
devices connect to the access point, which will be in charge
of the routing operations of the network. This model corre-
sponds to the desired inspection application, where a human
operator can supervise several UAVs at the same time.

The clients in figure 6 are the supervision devices running
the developed Java application, which can be any Java
enabled running terminal, such as computers, smartphones,
tablets, etc...

Despite the indications given by the documentation pro-
vided by Parrot, ad-hoc modes and infrastructure are not
implemented on the drones themselves. Whatever the config-
uration done via AT commands, or via telnet, the drone will
always act as an access points. A bug in the implementation,



makes the UAV completely inaccessible if the mode is set
to 1 (ad-hoc) or 2 (infrastructure).

Fig. 6. infrastructure topology

The network configuration is performed via
/bin/wifi_setup.sh script, which is launched when
booting via /etc/inittab and /etc/init.d/rcS. A need step
consisted in rewriting and adapting these scripts to complete
the implementation of the infrastructure mode (2), allowing
the UAVs to join an access point instead of acting like one
themselves.

During the test phase, a watch dog script was included
via /etc/init.d/rcS in order to maintain access to the UAV
if a network failure is present. In case of a problem with
the router, the watch dog role is to reset the AR Drones’
configuration after 5 minutes of inactivity, and this to gain
access again to the UAV.

Once the server is launched, and the UAVs as well as the
supervision device are connected to the access point, and ID
is assigned to each UAV, and the client (supervision device)
has the complete control of the UAVs whether individually,
or as a group (swarm).

At this stage, the human operator can send the required
waypoints for the inspection task, or we can run a script that
assign these waypoints autonomously using the previously
presented techniques for path planning.

The initial experiments included three AR Drone 2.0
UAVs, a LinkSys router, and two laptops (one acts as the
server, and the second as the supervision device). We were
able to perform the basic moves (take-off, landing, pitch,
roll, yaw, and altitude) from the client interface controlling
at the same time the three UAVs (figure 7).

Fig. 7. UAVs testbed

V. CONCLUSION AND PERSPECTIVES

We presented in this paper the preliminary results towards
autonomous area inspection using swarm of UAVS. A human
operator, through the supervision device, can control the
swarm by assigning individual waypoints, or selecting the
patrol mode for autonomous waypoints assignment. The
navigation areas’ image is processed to extract the free
path navigation. After the waypoints selection (manually or
autonomously), a shortest path algorithm is applied, and then
sent to the selected UAV as metric of GPS coordinates. To
control the swarm of UAVs we developed a server/client
application. The used UAVs acts by default as access points,
thus the UAVs internal network interfaces has been modified
in order to allow the implementation of the infrastructure
topology, allowing several UAVs to connect to the same
access point. The first experiments consisted in performing
the basic movements of three UAVs (take-off, landing, pitch,
roll, yaw, and altitude) and this from a single supervision
device.

The perspectives of the present work are two folds. Firstly,
we would like to include a time variant in the path planning.
This will allow the intersection of the UAVs paths without
collision, which will reduce the flying time of the UAVs by
reducing their traveled paths. The second perspective of the
work consists in experimenting the path planing outputs with
the UAVs in an outdoor environment to check the efficiency
of the proposed architecture for an inspection mission.
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