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ABSTRACT

FANETS are a promising solution for application scenarios
involving UAVs. There are many mobility models that can
be used to reproduce the behavior of the mobile nodes in
an ad-hoc network, but some of these cannot simulate the
realistic motion of UAVs. In this paper we list the available
mobility models and try to understand which ones should
be adopted for different FANET application scenarios, dis-
cussing their pros and cons.

Categories and Subject Descriptors

C.2.1 [Network Architecture and Design]: Wireless com-
munication, Network Topology; H.1 [Models and Princi-
ples]: Miscellaneous
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1. INTRODUCTION

Recently, the deployment of a swarm of UAVs to pursue
a task is enjoying increasing success, since a group of UAVs
instead of one single UAV leads to many advantages; for
example the possibility to extend the mission coverage, to
guarantee a reliable ad-hoc network, or to enhance the op-
eration performance [1].

The possibility to use a swarm of UAVs, which may col-
laborate with each other to offer a cooperative task, defines a
new type of ad-hoc network called Flying Ad-hoc NETwork
(FANET). Such a network introduces important communi-
cation issues, like routing, which is one of the most critical
aspects in this context [2].

To face these problems, many researches have been pro-
posed innovative communication protocols, which employ
simulations as validation tools in order to analyze their per-
formance metrics. When flying objects are considered, a
mobility model specifically designed for UAVs’ movement is
needed. In fact, the particular mobility of mobile nodes can
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significantly affect the performance of a simulated aspect of
the network. Such aspects are not yet well explored and
the current mobility models cannot reproduce entirely a re-
alistic behavior of UAVs, severely misleading the simulation
outcome.

In this paper we categorize and describe real possible
FANET application scenarios (Section 2) and describe avail-
able mobility models for simulators, illustrating strengths
and weaknesses (Section 3). We then associate the most
feasible mobility models to every scenario, providing a guide-
lines to researchers developing FANET-related models and
simulations (Section 4). Finally, conclusions are drawn (Sec-
tion 5).

2. APPLICATION SCENARIOS OF FANETS

We can divide the applications into three main classes,
which identify the specific purposes of the FANET.

e Surveillance/monitoring. This class contains ap-
plications that involve UAVs as flying cameras. The
tasks typically involve capturing real-time images, video
or audio from flying devices, in order to process them
and catch sensitive information. For example, in search
and rescue missions UAVs are looking/sensing for a
target, typically on the ground [3]. Traffic and urban
monitoring is another scenario, which could involve a
FANET as observational infrastructure [4, 5]. Also in
military context, aerial reconnaissance missions range
from information collection on battlefields to law en-
forcement activities [6]. Agricultural management [7,
8, 9] is another application context.

e Environmental sensing. In this class, UAVs act
as sensors that detect environmental information on
a specified area [10, 11]. In this context, applications
might need several sensor data to evaluate some en-
vironmental conditions. A sensor network arranges
sensors in proximity or within the phenomenon to be
observed. Temperature, humidity, pressure, light in-
tensity, pollution level are typical physical quantities
that a sensor network can analyze.

e Relaying network. FANETSs can deploy connectiv-
ity in areas that need a certain kind of communication.
Autonomously operated UAVs are being used as air-
borne communication relays to efficiently and securely
transmit information collected by ground sensors to
distant control centers, and for increasing the commu-
nication range of relaying ground nodes.



3. MOBILITY MODELS

We can categorize the mobility models into five classes:

¢ Randomized mobility models. Randomized mobil-
ity models are the simple models for network research.
They represent multiple mobile nodes whose actions
are completely independent of each other and past ac-
tions. Examples are Random Walk (RW) [12], Ran-
dom Way-Point (RWP) [13] and Random Direction
(RD) [14]. In these mobility models, each node ran-
domly chooses a direction (or a way-point) and speed
to move for a certain period. Another randomized mo-
bility model is Manhattan Grid (MG) [15], which uses
a grid road topology that constraints the node to move
in horizontal or vertical direction on an urban map.

e Time/space dependent mobility models.

This category of mobility models tries to avoid sharp
speed and sharp direction changes. The smooth change
of motion can be performed using different mathemati-
cal equation. Examples are Boundless Simulation Area
(BSA) [16] and Gauss-Markov (GM) [17], which use a
relationship between the previous direction and speed
and the current ones to update the new values at each
step. Smooth Turn (ST) mobility model [18] allows the
mobile nodes to move in curved trajectories, choosing
a point in the space and then circling around it until
the UAV selects another turning point.

e Path-planned mobility models. These mobility
models provide a path scheme with a predefined shape.
UAVs follow a specific pattern until they arrive at the
end of it, and randomly change to another pattern or
repeat the same one. Semi-Random Circular Move-
ment (SRCM) [19] is an example of a mobility model
designed for the curved movement scenarios of UAVs
and suitable for simulating UAVs turning around a
specific position. Paparazzi mobility model (PPRZM)
[20] is an example of stochastic mobility model that
is based on a state machine containing six movement
pattern states: Stay-At, Fight, Oval, Scan and Way-
Point. Each UAV chooses one of these patterns and a
random speed.

e Group mobility models. These models include a
spatial constraint among all the mobile nodes. The
Reference Point Group mobility (RPGM) [21] model
simulates a random motion of mobile nodes around a
reference point that moves on the area with a sim-
ple RWP model. Special cases of RPGM are defined
in [12]: in Column (CLMN) each mobile node moves
around a reference point placed on a given line, which
is moving in a forward direction; Nomadic Commu-
nity (NC) randomly moves mobile node around a given
point that, in turn, moves randomly; Pursue (PRS) is
similar to Nomadic, but the mobile nodes attempt to
follow a particular target, without a simple random
movement around it.

e Topology-control based mobility models.
When certain network or mission constraints have to
be continuously satisfied, the mobility model needs a
real-time control of mobile nodes topology. A classic
example is the Distributed Pheromone Repel (DPR)
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mobility model [6] for reconnaissance and search mis-
sions. In this model, each mobile node maintains an
own pheromone map. The Self-Deploy Point Coverage
(SDPC) mobility model is proposed in [22] for disaster
scenarios. It deploys a set of UAVs on a disaster area
in order to create a communication infrastructure that
the victims of the disaster event can use. The aim of
each UAV is to cover the maximum number of people
on the ground maintaining a connection with the other
UAVs.

APPLICATION SCENARIOS AND MO-
BILITY MODELS

In Table 1, a summary of application scenarios and feasi-
ble mobility models associations is shown. RW, RWP and
RD do not reflect any particular kind of movement to reach
any task. Hence, these three models are not taken into con-
sideration.

4.

4.1 Search and rescue

A typical pattern for search and rescue operations is a
simple scan scheme derived from PPRZM, when a rectan-
gular search area is well defined. However, PPRZM does not
have any connectivity or collision control. Also SRCM can
restricts UAVSs to circle around a fixed target as a potential
search target location.

When a randomized search scheme is required, BSA, GM
or ST can reproduce a search task in a well defined area,
even here with a lack of connectivity and collision aware-
ness. BSA has the unrealistic teleportation feature when an
UAV gets out from the area. To tackle this problem, when
the UAV goes out the area, each UAV needs to delay the
time to re-enter. In emergency search scenarios, we need a
guaranteed delivery and maximum delay tolerance; in this
case, randomized mobility models are not adequate.

A more robust mobility model for search and rescue sce-
narios is the DPR mobility model, in which the movements
depend on visited areas by UAVs. In this case, in order to
guarantee a certain coordination, UAVs need a strong con-
nectivity. SDPC is the most useful mobility model specif-
ically designed for disaster scenarios, because it allows the
UAVs to reach the victims taking into consideration their
connectivity.

4.2 Traffic and urban monitoring

For a surveillance infrastructure on crossroads, UAVs can
be positioned stationary as fixed cameras on each crossroads
to monitor some events.

If we need mobile UAVs to turn around the urban area,
an MG mobility model could be adapted for this purpose,
but with the disadvantage of lack of connectivity guarantee.

Another scenario can present particular events, like a car
accident. A group of UAVs may reach the area before help
arrives, in order to check the victims state and possible dan-
ger situations. SRCM may be suitable for this type of sce-
nario.

4.3 Reconnaissance and patrolling

When UAVs have to patrol periodically around a specific
target (bases, buildings, people or ground vehicles), a SRCM
may be used. When these targets also move, a group mo-
bility model (CLMN, NC or PRS depend on the target be-
havior) can satisfy such a context.



Table 1: Mobility models feasibility for FANET application scenarios

Application | Mobility Model | Description
BSA, GM, ST Random search on a specified target area.
PPRZM Each UAV selects the scan pattern in random position.
Search and Rescue L .
Operations SRCM Scann%ng in a circular area.
DPR Scanning an area through repeated checks.
SDPC Reaching victims on a disaster area.
Traffic and Urban Static UAVS. as fixed ca.Lmeras at crossroads.
Monitoring MG Survell.lance of city streets. .
SRCM Patrolling of a crash event before the rescue team arrives.
Static Static first line of defense and patrol.
Reconnaissance SRCM Surveillance of a target.
and Patrolling BSA, GM Missions without path prediction by adversaries.
DPR Real-time missions with awareness of critical areas.
Agricultural Management CLMN Field condition checking
PPRZM UAV actions (e.g., irrigation) on cultivated fields.
Environmental Sensing Static UAVs as stationary sensor nodes.
Relaying Network Static Static UAV communication infrastructure.
MG V2V connectivity among urban vehicles.

In fight-flight principles, each UAV travels to the involved
area and then gets out returning to the base station. BSA
or GM are good mobility models for this application, since
they produce random paths not predictable by enemies.

For missions in which a certain cooperation among UAVs
is needed, the DPR mobility model includes a map of attrac-
tion points that can represent sensible areas (people concen-
tration, lively areas, areas at risks, etc.).

4.4 Agricultural management

Typically, agricultural scenarios require a one-time move-
ment. For actuator UAVs (performing irrigation or pest
control tasks) PPRZM (scan pattern) can be adequate, since
the rectangular nature of the operation areas like cultivated
fields. A CLMN mobility model can be appropriate to check
the field area conditions.

4.5 Environmental sensing

UAVs as sensor nodes are placed stationary on the area to
be sensed, sending periodically environmental information
to the base station. Applications for sensor networks are
typically performed by DTNs, which do not need a real-
time communication or a continue network connectivity [23,
24]. A single UAV can move with a predefined path scheme
in which each way point is a static UAV sensor; the moving
UAVs catch the data from each UAV sensor (via a wireless
connection) and then return to the base station.

4.6 Relaying Network

The need of a communication infrastructure where there
is no connectivity can be performed by statically deploying
a set of UAVs, which act as a relay chain among UAVs, or
even in a heterogeneous scenario involving UAVs, vehicles,
pedestrians, etc. [25, 26].

In urban scenarios, UAVs can be used as routers for V2V
connectivity, allowing vehicles on the streets to communicate
with each other; a simple MG can represent such scenario.

5. CONCLUSION

In this paper we have explored several mobility models,
discussing their characteristics in terms of motion realism,
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randomization, network connectivity and collision avoidance.
For each application scenario we have considered the most
fitting mobility model so as to provide guidelines to re-
searchers creating simulation experiments about FANETSs.

In the future, further research on mobility models can
of course be done. For example, a research branch can be
devoted to a deeper examination of flying devices’ motion in
the real world to generate more accurate mobility models.

Finally, we woud also like to investigate how different mo-
bility models and routing strategies may affect the QoS of
the considered applications [27].
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