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Résumé

Les véhicules aériens sans pilote, appelés aussi drones, utilisés et développés initiale-

ment dans le domaine militaire, ont connu de profondes mutations ces dernières années

et sont de plus en plus utilisés dans le domaine civil. Ils sont utilisés pour la lutte con-

tre les incendies, le sauvetage ainsi que dans des applications spécifiques telles que la

surveillance et l’attaque. Le vol en flotte est le plus utilisé car il permet une répartition

judicieuse des tâches et améliore grandement l’efficacité des drones.

Les expériences réelles utilisant des drones sont coûteuses, par conséquent, les perfor-

mances des systèmes de drones doivent être analysées avant leurs déploiements. En

conséquence, les chercheurs et les ingénieurs en logiciel ont développé plusieurs outils,

environnements et cadres de simulation pour l’évaluation des systèmes UAV. Dans ce

contexte, cette étude met en évidence et identifie les simulateurs les plus adaptés au vol

des drones.

Dans ce mémoire, nous avons développé un simulateur de drone dans le but est de simuler

le vol d’une flotte de drones. Avec notre simulateur, nous pouvons générer un fichier de

navigation pour aider les chercheurs et pour l’analyse.

Mots clés: UAV, Simulateur, Vol de flotte, Drone, Quadricoptère, Simulation, Vol

autonome, Suivi de trajectoire, flotte de drones.
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Abstract

Unmanned aerial vehicles, known also as drones, used and developed initially in the

military field, have experienced profound changes in recent years and are increasingly

used in the civilian field. They are used for firefighting, rescue as well as in specific

applications such as surveillance and attack. The fleet flight is the most used because

it allows a judicious distribution of the tasks and greatly improves the efficiency of the

drones.

Real experiments using UAVs are costly, therefore, the performances of UAVs systems

should be analyzed before their deployments. Accordingly, researchers and software

engineers developed several simulations tools, environments and frameworks for UAV

systems evaluation. In this context, this study highlights and identifies the most suitable

simulators for UAVs flight.

In this project, we have developed a drone simulator with the aim of simulating the

flight of a drone fleet. With our simulation, we can generate the navigation file to help

researchers and for analysis.

Keywords: UAV, Simulator, Fleet Flight, Drone, Quadcopter, Simulation, Autonomous

flight, Trajectory tracking.
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Introduction

Unmanned aerial vehicles (UAVs), commonly known as drones, have been the subject of

concerted research over the past few years, owing to their autonomy, flexibility, and broad

range of application domains. Indeed, UAVs have been considered as enablers of various

applications that include military, surveillance and monitoring, telecommunications,

delivery of medical supplies, and rescue operations.

Drones can provide reliable, cost-effective and time-efficient solutions to a variety of

real-world scenarios. In addition, the mission can be divided into a group of drones or

send a fleet of drones to take care of a mission such as search and rescue. This exciting

new avenue for the use of UAVs warrants a rethinking of the research challenges with

fleet control and navigation being the primary focus.

Developing and establishing scientific research on the drone itself consumes many

resources, one mistake that can consume large financial and human resources. For this

reason, it has become important to have a simulator that supports the fleet’s flight of a

drone for scientific research.

The goal of this project is to design and develop a simulator that supports the fleet’s flight

for a drone.

This thesis includes three chapters. In the first chapter a study on UAVs types, classifica-

tions, applications, systems, models, communication techniques, fleet control strategies.

In the second chapter, some of the most important existing UAVs simulators were dis-

cussed, in addition to some open source flight controllers and ground control software.

In the third chapter, our simulator was designed, developed and presented.

1
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1 Unmanned Aerial Vehi-

cles (UAVs)

1.1 Introduction

Drones are becoming increasingly popular due to their diverse nature and the potential

to solve various real-life challenges in various fields and industries. Drones can reach

places and situations that are dangerous to humans and impossible for conventional tools

and vehicles to reach. It can also fly at high altitudes in dangerous areas such as volcanoes,

or low in urban areas, depending on the type of drone. Drones can adapt according to the

circumstances, the type of aircraft and the mission which increases their value, since the

drones operate without a pilot on board.

This chapter gives some necessary background on UAV technology and aerial robotics,

their types and domain of application, in addition to the fleet formation flight concept,

and the communication between the UAVs with Ground Control Station or other UAVs in

the fleet.

1.2 Unmanned Aerial Vehicle System (UAVS)

The diagram below in Figure 1.1 provides a overview of the building blocks of Un-

manned Aircraft System, such as Ground Control Station (GCS) and the Communication

systems and the power management to the flight controller and payloads and the other

sensors and component.

2



Figure 1.1: Unmanned Aircraft System (UAS)

1.2.1 Ground Control Station

The ground control station is a remote control device for the UAV and can also be

software in any operating system, as shown in Figure 1.2. Its main responsibilities

include:

• View and monitor flight status data in real time.

• Displaying navigation view.

• Displaying images received from the video receiver.

• Intervene and make UAV-related decisions, mission planning, and specific operation

if required, Sending real-time commands to the avionic system.

• Facilitating the users and pilots in the automatic control, especially in unexpected

occasions such as an emergency landing, and Flight data recording as a backup to

record data on board.

3



Figure 1.2: Drone Ground controller [1]

The most obvious advance of GCS development in small scale UAV field is the increasing

prevalence of the open source GCS software toolkits. The most successful softwares are

Mission Planner, QGroundControl and MAVProxy, which will be studied in the next

chapter.

1.2.2 Sensors

Sensors use to determine vehicle state (needed for stabilization and to enable au-

tonomous control). The vehicle states include: position/altitude, heading, speed, airspeed,

orientation (attitude), rates of rotation in different directions, battery level, etc [2].

The system minimally requires a gyroscope, accelerometer, magnetometer (compass) and

barometer. A GPS or other positioning system is needed to enable all automatic modes,

and some assisted modes. Fixed wing and VTOL-vehicles should additionally include an

airspeed sensor (very highly recommended).

The minimal set of sensors is incorporated into Pixhawk Series flight controllers (and

may also be in other controller platforms). Additional/external sensors can be attached

to the controller [2].

GPS : The GPS driver is responsible for the position publication read from the GPS

sensor. Depending on the sensor vendor, it may support different protocols. GPS

values are directly used for the position and attitude estimation, without passing

trough the sensors [3].
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Airspeed : Airspeed is correlated with the wind speed estimation, necessary for stability

and control purposes. Before being processed, it needs to be corrected, that is why

it is sent to the sensor hub [2].

Distance Sensors : Distance sensors are generally laser or ultrasonic, a light or sound

impulse is sent from the transmitting apparatus to the outside of the drone, in

the desired direction, and the Time Of Flight of the signal bouncing back on the

eventual barrier surface determines the distance from the object to be avoided [4].

IMU : An inertial measurement unit (IMU) is a device that integrates multi-axes, ac-

celerometers, gyroscopes, and other sensors to provide estimation of an objects

orientation in space. Measurements of acceleration, angular rate, and attitude are

typical data outputs [5].

IMU output are necessary for the position and attitude estimation as well as the

autonomous flight, position controller and attitude and rate controller. Nevertheless,

raw data must be adapted before being used for the estimation.

1.2.3 Payloads

Depending on the type of aircraft and its field of application or the type of mission,

some payloads can be added, for example: a packages for delivery or high-quality camera

for search, surveillance and rescue missions.

Whenever willing to control a camera (or any payload) connected to the vehicle, it is

necessary to specify how Flight Controller can interact with it. One of methods is using

MavLink to get the input and output [6] .

1.2.4 Storage

Missions and plans are physically stored within the drone internal memory. example ,

plans are may stored in JSON files containing basic information about mission goals and

step to be performed (Home position, Rally Points, Geo-fence, Waypoints and mission

commands) [5]. Moreover, SD card allows to store captured images/video to be elaborated

afterwards.

1.2.5 Power Management

The energy consumed is affected by acceleration, weight, engine speed, wind speed

and many other variables, and the battery may also be affected by the temperature in the
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outside environment.

The energy consumed is also affected by the communication characteristics between

the drone and other wireless devices (frequency, bandwidth...). In [7, 8] the energy

consumption of communications in unmanned aircraft.

1.2.6 Electric Speed Controllers (ESCs)

Many drones use brushless motors that are driven by the flight controller via an

Electronic Speed Controller (ESC) (the ESC converts a signal from the flight controller to

an appropriate level of power delivered to the motor). Each one of them has an output

for a motor and an input for a battery [9] .

1.2.7 Flight Controller

A flight controller is a circuit board that manages the drone’s flight, control the power,

obstacle avoidance..etc,

Exemple Pixhawk Autopilot in Figure 1.3.

Figure 1.3: Autopilot Pixhawk flight controllers [10]

Everything a flight controller does can be classified within one of three categories: Sensing,

controlling, and communicating [5] .

Perception (sensing) The flight controller filters a lot of this information and fuses

some to get more efficient and precise information The flight controller is connected

to a set of sensors. The drone filters a lot of this information and fuses some to get

more efficient and precise information in the sensors hub module.
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Controlling Aside from sensing what’s going on, a flight controller unsurprisingly

controls the motion of the drone. The drone can rotate and accelerate by creating

speed differences between each of its four motors. The flight controller uses the

data gathered by the sensors to calculate the desired speed for each motors. The

flight controller sends this desired speed to the Electronic Speed Controllers (ESC’s),

which translates into a signal that the motors can understand.

Calculating the movements, fusing and filtering the sensory information, and

estimating the safety and durability of a flight is all done by an algorithms.

Communicating An key part of a flight controller is communications management. Part

of the sensor’s job is to provide information that must be clearly translated for

the pilot to read, which means efficiently. An obvious thing to communicate is

its battery level, which can decide if a pilot wants to fly further or return to the

charge.Flight controllers need to communicate also with other computer systems

and UAVs.

The following figure 1.4 shows some of the flight controller components that we may

need and the relationships between them:

Figure 1.4: Flight Controller Architecture

A. Sensors Hub The Sensors Hub module assumes a key role to the entire system. It takes

low-level output from drivers, turns them into a more valuable form (filtering), and

publishes them, letting the other modules to take benefit of the clean measurements

[11] [5] .
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B. State machine State module is used to change the drone state, for instance flight

modes, or to perform basic operations like taking off or land. It is able to receive

input both from the sensor hub and the communication model. Data coming from

the commander module and position and attitude estimators are then used as inputs

for the autonomous flight, position controller and attitude controller [11].

Flight Modes define how the autopilot responds to user input and controls vehicle

movement. They are essentially grouped into three categories: manual, assisted or

autonomous modes, depending on the level of control the autopilot should produce.

The pilot transitions between flight modes may be performed using switches on the

remote control or with a ground control station [5].

C. Autonomous Flight The autonomous flight or navigator module, based on the com-

mander input, the mission plan (SD card) and the estimated states, creates position

setpoints. Such a setpoints are the inputs for the position controller. The position

controller, creates attitude setpoints, that are used by the attitude and rate controller

to create the actuator controls [11] [5]. Actuator controls are then converted into

suitable values to be applied to the actuators.

D. Mixer Mixer takes force commands (example: turn right) and translates them into

individual motor commands, while ensuring that some limits are not exceeded.

This translation is specific for a vehicle type and depends on various factors, such

as the motor arrangements with respect to the center of gravity, or the vehicle’s

rotational inertia [11].

E. Estimator Estimator takes one or more sensor inputs, combines them, and computes a

vehicle state (for example the attitude from IMU sensor data) [12] .

F. Position Controller In this controller, the deviation from the desired path is calculated

(in the body frame) at every instant.

Using this, the desired the angles are calculated. This is the underlying principle of

this controller.

G. Attitude Controller Controlling vehicle attitude requires sensors to measure vehicle

orientation, actuators to apply the torques needed to re-orient the vehicle to a

desired attitude, and algorithms to command the actuators based sensor measure-

ments of the current and desired attitude.

H. UAV Communication Model Various ground terminals can connect with UAVs, such

as ground station (GS), user equipment (UE), vehicles, Internet-of-Thing (IoT) node

. Besides, UAV serving as an aerial base station (ABS) can assist or substitute a

terrestrial base station (TBS) in specific situations. Thus, UAVs are playing an

important role in a slice of arising communication.

The characteristics of drones raise some major challenges in channel modeling, as
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Table 1.1: Summary of measurements and statistics for representative channels [13]

WB: Wideband, NB: Narrowband

compared to traditional cellular or vehicle communications. the key factors are

not only related to external factors including frequency, environment, and weather,

but also dependent on internal characteristics of UAVs and ground devices. We

highlight key challenges as follows, in Table 1.1.

1.3 Fleet of UAVs

Figure 1.5: Drones fleet [14]

Drones can collaborate to create and fly as a fleet (Cf. figure 1.5), the fleet can be

coordinated according to the role of each drone or a whole group of drones. In the case

of coordination, each drone has certain tasks to accomplish in such a way that there is a

kind of synchronization between them that respects the order of the tasks. In the case

of cooperation, which requires strong spatial and temporal coordination between all the

personnel in the fleet, the fleet is formed from many drones in order to achieve a specific

mission for the entire fleet, because only one drone does not have the ability or time to
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complete the required task.

A single drone with the performance and characteristics required to carry out some tasks

may be expensive compared to many low-cost drones that perform the same task. Here

comes the advantage of the drone fleet because small sizes of aircraft can be used at the

same time, as the burden is distributed Task such as mission planning, data processing,

and area control over the entire team, reducing cost and time to perform the task.

The fleet of drones can fly in small areas at high speed, but this exposes them to

hardware failures, which affects the safety of the flight. This problem is one of the biggest

disadvantages of the fleet’s flight. To solve this problem, we must eliminate, replace or

repair any member who fails according to the situation because it is no longer able to

synchronize and coordinate with the rest of the fleet and affects the performance of the

fleet and the completion of the mission, so there must be strategies and algorithms to

control the flight and coordination of the fleet.

1.3.1 Fleet control strategies

Figure 1.6: Fleet control strategies
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Different fleet formation control strategies exist in the literature [15] and this report

discusses three of them:

Leader – follower (Hierarchical Approach): (Cf. figure 1.6) This approach is widely used

for the multi-agent system, where One drone is the pilot and decides the course

and speed of the fleet, followed by the rest of the fleet members [16]. One of the

disadvantages of this strategy is when the leader is lost or affected by failure due

to external or climatic conditions or related to the drone itself, which will affect

the fleet and the entire mission and expose the rest of the drones to great damage

[17–19].

Virtual Leader : This approach solves the problem of the commander and followers

approach, whereby replacing the fleet leader with a virtual one (Cf. figure 1.6). All

members follow the mission path set by the virtual leader, just like the approach of

the leader and followers. The main difference between the two approaches is that

the virtual leader assigns virtual leaders in the event of an error or failure, which

maintains the optimal formation under different maneuvers and conditions [19, 20].

Behavioral approach (Decentralized approach): Each agent follows specific rules in

order to perform group behavior [19, 21, 22] .

These rules are:

• Avoid collision with neighbors: Everyone in the fleet must ensure a predeter-

mined security distance with their neighbors (Cf. figure 1.6). It can include

a flight controller built into each drone or other additional controller. This

control device generates an alert when the distance with the neighbors becomes

less than the safety distance or beyond the range of the neighbors.

• Speed matching with neighbors: The speed of all members of the fleet must

match, this is done either by using a set of sensors located inside each drone or

by using communications between fleet members.

• Each member must stay close to its neighbors and maintain formation using

distance and location sensors, this is done by setting a general target for the

fleet which can be a meeting point or reference path known by all members.

The behavioral approach represents a self-organizing structure that maintains

formation in various conditions and challenges, is easy to maintain, and relies on

many sensors, algorithms, and rules for members to follow.

1.3.2 Drone’s fleet communication architectures

Different architectures could be used to ensure the communication between drones and

between drones and GCS (Ground Control Station)[23] ,summarized in Fig 1.7.

11



Figure 1.7: Drone’s fleet communication architectures

1. Centralized Architecture In the centralized architecture, all the drones in the fleet

are not connected to each other and instead connect to the GCS, making the only

connection they have in common is the GCS which is the central node of the network.

All orders, information and sensitive data are sent and received between UAVs via

GCS, which adds delays in messaging and synchronization between the fleet. [24]

(Cf. figure 1.7).

Since drones fly long distances to accomplish their mission, communication between

drones and GCS requires a high transmission rate. Because of the limitations of

small or medium drones in the size and capacity of payloads, the addition of

advanced wireless transmitters can be a problem, in addition to the fact that the

central structure lacks durability because the central architecture constitutes a weak

point in the center so that if the center fails, the result will affect the entire network

and the connection will be disturbed or even disconnected.

A. Cellular network architecture (Semi-centralized) The cellular communications

network relies on the infrastructure of the existing mobile operators, dividing

the area into different zones with the base station in each zone responsible for

managing a group of drones (Cf. figure 1.7). The advantage of this structure is

low-power transmitters, but it is difficult to cover all areas and maintain this

infrastructure, especially in harsh climatic conditions or after natural disasters

[19, 25].

B. Satellite communication architecture Satellite communication is a potential

solution to ensure communication between two distant nodes (Cf. figure 1.7).

Using a satellite communication has a negative effect, since it causes latency
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in transmission and the signal could be dropped because of obstacles such as

trees or mountains [19].

2. Decentralized Architecture One of the defects of the central architecture is the single

point of failure and the delay of communication. On the contrary, the decentralized

structure allows the drones to communicate with each other (directly or indirectly)

without going through a single central point (GCS, for example), which eliminates

the problem of a single point of failure and increases the durability of the structure.

And increases the power of the transmitter and the speed of communication [19, 26].

The UAV Ad Hoc Network, commonly known as UAANET, is the most popular ad

hoc network system, consisting of one or more groups of UAVs with one or more

base stations.

Considering the ability to fly one group or several far from each other, the UAVs can

act as a base station or relay for information transmission due to their low weight

and the possibility of adding a low cost transceiver for each UAV.

Furthermore, the case wherein different types of UAVs in the network can be divided

in two distinct communication architectures: multi-layer UAV ad hoc network and

multi-group UAV network [19].

A. Multi-Group UAV network This network architecture is suitable for missions

that require a large number of UAVs and many groups with different flight

characteristics so that communications within the group follow the same

principle as a dedicated UAV network (Cf. figure 1.7). This structure lacks

strength because communication between groups depends on communication

between the leader of each group with the base station [19].

B. Multi-layer UAV network In this architecture there is only one UAV that com-

municates directly with the GCS so that several layers are identified for several

groups of diverse UAVs (Cf. figure 1.7). The bottom layer includes the drones

in a group consisting of a UAV ad hoc network. The upper tier includes group

leaders for drones [19].

1.4 Types of UAVs

Drones are probably mostly recognized for describing solutions to specific problems.

And with many researchers and manufacturers willing to build new drones to support

daily life, Having a systematic classification allows operators to choose a device that meets

their specific requirements. Naturally, depending on the application and goals, one needs

to use an appropriate type of UAV that can meet various requirements imposed by the
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sought quality-of-service (QoS) and the nature of the environment.

UAVs can be categorized, based on flying mode (lighter than air, heavier than air) or

type of gear :fixed-wing, rotary wings and hybrid systems.

Compared to rotary-wing UAVs fixed-wing UAVs such as small aircrafts have more

weights, higher speed, and they need to move forward in order to remain aloft. In contrast,

rotary-wing UAVs such drones and multirotor drones, can hover and remain stationary

over a given area.Hybrids drone types merge the benefits of fixed-wing and rotor-based

designs. This drone type has rotors attached to the fixed wings, allowing it to hover and

take off and land vertically. This new category of hybrids are only a few on the market,

but as technology advances, this option can be much more popular in the coming years

[27] [28]. Table 1.2 shows the pros and cons of each type.

Table 1.2: Classification based on the structure of the UAV

vertical take-off and landing (VTOL) aircraft is one that can hover, take off and land

vertically without relying on a runway. They can also be distinguished according to their

functions: tactical drones, strategic drones and combat drones (Unmanned Combat Air

Vehicle UCAV).

The classification of UAVs/drones can be seen differently, such as categorized by the

parameters like altitude, endurance, maximum takeoff, payloads, the weight and size of

the drones, flight range, endurance, speed, etc.. [28] [29].
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Table 1.3: Comprehensive classification of UAVs

In such cases, the UAVs are recognized with their parameters, either structural or

aerodynamics or other sources. With these, it is significant for the particular application

and the author [30] [31] tabulated each UAV with parameters specification considering

the example with mission and systems.

The Figure 1.3 presents a comprehensive classification of UAVs that demonstrates both

the wide variety of UAV systems and capabilities as well as the multiple dimensions of

differentiation.

1.5 Applications

The main goal of the UAVs is to complete a mission that could be military, scientific,

economic, or even commercial in nature (Cf. figure 1.8).
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Figure 1.8: Applications of UAVs [19]

It is appropriate to enumerate some applications in which we refer to the use of the

UAVs [19]:

a) Civil applications :

• - Aerial topography for geographical researches and Meteorological Measure-

ments

• - Agriculture spraying and monitoring

• - Search and rescue and Firefighting and forestry fire detection

• - Pollution Studies and land monitoring

• - Pipelines and Power line inspection

• - Delivery of parcels

• - Urban planning

• - Detection of mobile vehicles on the ground

b) Military applications (Navy, Army and Air Force) : • - Electronic intelligence

• - Reconnaissance

• - Radar system jamming and destruction

• - Shadowing and Surveillance of enemy fleets

• - Elimination of unexploded bombs

1.6 Conclusion

In this chapter, an introduction to UAVs, their various characteristics, fleet composition

and communication structures are reviewed.

There are also many drone software such as controllers and simulators that help the UAV
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and its systems to grow and develop in many areas in a safe space with minimal damage

and resources.

In the next chapter we will discuss this software and open source simulation and which

one you choose to work depends on their characteristics .
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2 UAVs software compo-

nents and simulators

2.1 Introduction

Autonomous drones are gaining a lot of interest both in private companies and in uni-

versities. This lead to a subdivision of the market in two different categories of systems:

open-source and private. The main interest of this thesis will be on open-source systems,

with focus on open-source firmware.

Open-source firmware can be divided in 2 different categories based on the automation

level they can provide: fully autonomous firmware are those not requiring human in-

tervention at all (or just partially, according to the flight mode that is chosen), whereas

non-autonomous firmware are those requiring human control for any operation (no level

of automation). In this chapter, we will be focused on the first category.

2.2 UAV software architecture

The simulators allow PX4 and ArduPilot flight code to control a computer modeled

vehicle in a simulated "world". You can interact with this vehicle just as you might with a

real vehicle, using GCS, an offboard API, or a controller/gamepad ( Cf. figure 2.1 ).

PX4 and ArduPilot supports both Software In the Loop (SITL) simulation, and Hardware

In the Loop (HITL) simulation [32]. The SITL simulation allows you to test the behaviour

of the code on computer (PX4 flight stack runs on computers). With Hardware-in-the-

Loop (HITL) simulation the flight controller firmware is run on real hardware ( real flight

controller board). The simulators (running on a development computer) are connected to

the flight controller hardware via USB/UART.
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Figure 2.1: UAV firmwares architecture

2.3 Flight control firmware

There are many different open-source firmware available on the market: ArduPilot, PX4,

Paparazzi, FlexiPilot, Airrails, SmartAP, Armazila, Autoquad and SLUGS, but only the first

two can rely on a stable community and complete documentation [10]. Both ArduPilot

and PX4 are valid choices as far as the available functionalities are concerned, wide range

of hardware compatibility, good software stability, similar architecture, ROS compatibility

and strong community are only a flavour of their entire capabilities, nonetheless, some

differences are present. Before choosing one of the two software it is important remarking

that both alternatives will lead to similar and optimal performance.

2.3.1 PX4

PX4 [33] is an open source flight control software for drones and other unmanned vehi-

cles. The project provides a flexible set of tools for drone developers to share technologies

to create tailored solutions for drone applications [10] .

Figure 2.2: PX4 logo [33]

PX4 provides a standard to deliver drone hardware

support and software stack, allowing an ecosystem to

build and maintain hardware and software in a scal-

able way,and allows you to concentrate on your device

progress without keeping a complicated development

environment.

PX4 is part of Dronecode, a non-profit organization
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administered by Linux Foundation to foster the use of

open source software on flying vehicles. Dronecode also hosts QGroundControl, MAVLink

the MAVSDK.

Features :

• PX4 is highly modular and extensible both in terms of hardware and software.

• PX4 is Open Source co-developed with a global development community.

• Configurability, PX4 offers APIs and SDKs for developers working with integrations.

All the modules are self-contained and can be easily exchanged against a different

module without modifying the core. Features are easy to deploy and reconfigure.

• PX4 facilitates the work on localization algorithms, obstacle detection, and au-

tonomous capabilities.

• Validated By the real world to ensure the codebase’s safety and reliability.

• PX4 offers an ecosystem of supported devices, advancement of communications,

peripherals integration, and power management solutions.

• Great safety features including automated failsafe behaviour.The features are easily

configurable and tunable for custom systems.

• All simulators and GCS communicate with PX4 using the MAVLink API.

• The simulators that work with PX4 for HITL and/or SITL simulation is Gazebo

,FlightGear ,JSBSim ,jMAVSim ,AirSim.

2.3.2 ArduPilot

Figure 2.3: ArduPilot logo [34]

ArduPilot [34] is a trusted, versatile, and open

source autopilot system supporting many vehicle

types: multi-copters, traditional helicopters, fixed

wing aircraft, boats, submarines, rovers and more.

The source code is developed by a large commu-

nity of professionals and enthusiasts. ArduPilot

provides a comprehensive suite of tools suitable for almost any vehicle and application.

The first ArduPilot open code repository was created in 2009 [10] .

Features :

• The ArduPilot Project provides an advanced, full-featured and reliable open source

autopilot software system.

• As an open source project, it is constantly evolving based on rapid feedback from a

large community of users.
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• It is capable of controlling almost any vehicle system imaginable.

• Users benefit from a broad ecosystem of sensors, companion computers and com-

munication systems. Since the source code is open, it can be audited to ensure

compliance with security and secrecy requirements.

• Installed in over 1,000,000 vehicles world-wide, and with advanced data-logging,

analysis and simulation tools.

• It is also used for testing and development by large institutions and corporations

such as NASA, Intel and Insitu/Boeing, as well as countless colleges and universities

around the world.

• Fully autonomous, semi-autonomous and fully manual flight modes, programmable

missions with 3D waypoints, optional geofencing.

• Safefails for loss of radio contact, GPS and breaching a predefined boundary, mini-

mum battery power level.

• Photographic and video gimbal support and integration.

• The ArduPilot firmware element can also be interfaced to other simulators like

Gazebo ,Xplane ,JSBSim ,Air-Sim ,RealFlight ,Morse , in SITL (software in the loop)

simulation

• The simulators that work with ArduPilot for HITL simulation is X-Plane and Flight-

Gear simulation (only Plane not Copter or Rover) ,and its no longer supported

.

2.3.3 PX4 vs ArduPilot

We made a comparison on the key aspects of the two firmwares in Table 2.1, in terms of

airframe, flight modes, simulation and licensing [33–38].
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Table 2.1: Comparison between PX4 and ArduPilot

2.4 MAVLink

Figure 2.4: MAVLink (Micro Air Vehicle Link)

MAVLink (Micro Air Vehicle Link) [39] is a very lightweight messaging protocol for

communicating with drones, and between onboard drone components (Cf. figure 2.4).

MAVLink follows a modern hybrid publish-subscribe and point-to-point design pattern.

Key Features

• Very efficient. MAVLink 1 has just 8 bytes overhead per packet, including start

sign and packet drop detection. MAVLink 2 has just 14 bytes of overhead (but is

a much more secure and extensible protocol). Because MAVLink doesn’t require

any additional framing it is very well suited for applications with very limited

communication bandwidth.

• Very reliable. MAVLink has been used since 2009 to communicate between many

different vehicles, ground stations (and other nodes) over varied and challenging
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communication channels (high latency/noise). It provides methods for detecting

packet drops, corruption, and for packet authentication.

• Many different programming languages can be used, running on numerous mi-

crocontrollers/operating systems (including ARM7, ATMega, dsPic, STM32 and

Windows, Linux, MacOS, Android and iOS).

• Allows up to 255 concurrent systems on the network (vehicles, ground stations,

etc.) both offboard and onboard communications (e.g. between a GCS and drone,

and between drone autopilot and MAVLink enabled drone camera).

2.5 Ground Control Station (GCS)

There is a large variety of GCS software application which runs on a ground-based

device such as QGroundControl, Mission Planner, MAVProxy.

2.5.1 QGroundControl

QGroundControl [40] is an open source ground control station (GCS) developed and

written in C++ using the Qt libraries . This GCS operate on different platforms such as

Windows, Mac OS X, Linux, Android and iO. It provides easy and straightforward usage

for beginners, while still delivering high end feature support for experienced users [41].

Figure 2.5 shows an example of a drone mission control by QgroundControl.

Figure 2.5: Vehicle mission in QGroundControl [40]

• Supports the MAVlink protocol and offers the opportunity to visu- alize details of

the MAVLink protocol messages, exchanged between it and the flying vehicle.
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• QGroundControl provides full flight control and vehicle setup for PX4 or ArduPilot

powered vehicles.

• Mission planning for autonomous flight.

• Flight map display showing vehicle position, flight track, waypoints and vehicle

instruments.

• Video streaming with instrument display overlays.

• Support for managing multiple vehicles.

2.5.2 Mission Planner (MP)

This GCS [42] is developed by Michael Oborne using Python Programming Language.

Unlike QgroundControl which is compatible with all platforms, MP is compatible with

Windows only [41] .Figure 2.6 shows an example of a drone mission control by Mission

Planner.

Mission Planner can be used as a configuration utility or as a dynamic control supplement

Figure 2.6: Drone mission in mission planner [42]

for your autonomous vehicle. Here are just a few things you can do with Mission Planner:

• Setup, configure, and tune your vehicle for optimum performance.

• Plan, save and load autonomous missions into you autopilot with simple point-and-

click way-point entry on Google or other maps.

• Download and analyze mission logs created by your autopilot.

• Interface with a PC flight simulator to create a full hardware-in-the-loop UAV

simulator.
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• Monitor your vehicle’s status while in operation.

• Operate your vehicle in FPV (first person view).

2.5.3 MAVProxy

MAVProxy [43] is a fully-functioning GCS for UAV’s written in python , designed as

a minimalist, portable and extendable GCS for any autonomous system supporting the

MAVLink protocol (such as one using ArduPilot), it can be extended via add-on modules,

or complemented with another ground station, such as Mission Planner, QGroundControl

etc, to provide a graphical user interface. Figure 2.7 shows an example of a drone control

by MAVProxy on Ubuntu.

Figure 2.7: MAVProxy running under Ubuntu [43]

Features :

• It has a number of key features, including the ability to forward the messages from

your UAV over the network via UDP to multiple other ground station software on

other devices.

• MAVProxy is commonly used by developers (especially with SITL) for testing new

builds.

• MAVProxy used in to implement attacks on UAV system in order to exploit gaps

and vulnerabilities of the MAVLink protocol.

• It is a command-line, console based app. There are plugins included in MAVProxy

to provide a basic GUI.

• Can be networked and run over any number of computers.

• The light-weight design means it can run on small netbooks with ease.
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2.5.4 Comparison of ground control stations

Following table 2.2 gives a comparison between all of the above mentioned GCS Soft-

ware.

Table 2.2: Comparison between GCSs

2.6 Unmanned Aerial Vehicle simulators

Simulator is a program or machine that simulates a real-life situation or a physical

phenomenon, which means creating a virtual version of it.

Figure 2.8: Classification of drone simulators

UAV simulators can be divided according to what we want and what we may need in

this work, which depends on the type of UAV fleet flight into two types (Cf. figure 2.8 ):
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simulators that can simulate a fleet of UAVs in one device by a single user, and simulators

that rely on multiple players or users so that the simulations are based on A number of

devices, each user is responsible for one UAV in one device.

2.6.1 Drone fleet simulators

2.6.1.1 Gazebo

Gazebo [44] is a simulator implemented at the University of Southern California. It is

used with ROS (Robot Operating System) [45], Gazebo makes it possible to rapidly test

algorithms, design robots, perform regression testing, and train AI system using realistic

scenarios. Gazebo offers the ability to accurately and efficiently simulate populations

of robots in complex indoor and outdoor environments and high-quality graphics, and

convenient programmatic and graphical interfaces (Cf. figure 2.9). Gazebo is free with a

vibrant community [41].

Figure 2.9: Multi UAV Simulation with Gazebo

Features :

• Dynamics simulation :Access multiple high-performance physics engines .

• Advanced 3D graphics with realistic rendering of environments with high-quality

lighting, shadows,and textures.

• Sensors and noise models: Generate sensor data, optionally with noise, from laser

range finders, 2D/3D cameras...

• Develop custom plugins for robot, sensor, and environment control.

• Graphical User Interface .
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• Extensive command line tools for increased simulation introspection and control.

2.6.1.2 Microsoft AirSim

AirSim [46] is a simulator developed by Microsoft for drones, cars and more, built on

Unreal Engine (AirSim now also have an experimental Unity release). The simulator is

revealed in February 2017. It is open-source, cross platform, and supports software-in-

the-loop simulation with popular flight controllers such as PX4 ArduPilot and hardware-

in-loop with PX4 for physically and visually realistic simulations. There exist APIs for

both Python and C++. It is developed as an Unreal plugin that can simply be dropped into

any Unreal environment. Similarly, AirSim now have an experimental release for a Unity

plugin [41]. Figure 2.10 shows an example of a drone simulation in AirSim simulator .

Figure 2.10: Microsoft AirSim simulator

Features :

• Programmatic control and Manual drive using remote control (RC) or arrow keys .

• Suitable for research and project development

• Its easy to generate training data from AirSim for deep learning.

• Control the various options available for weather effects .

• The novel feature of this simulator is the support for protocols such as Micro Air

Vehicle Link (MAVLink) which aids in creating more realistic simulations .

• The great visuals can be a downside because it demands powerful GPUs to run.

• Cinematographic Camera

• ROS2 wrapper

• Optical flow camera
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• Support for multiple drones in Unity

• Control manual camera speed through the keyboard

2.6.1.3 JMavSim

JMavSim [47] is a simple and lightweight multirotor simulator developed by PX4 , It is

easy to set up and can be used to test that your vehicle can take off, fly, land, and responds

appropriately to various fail conditions (e.g. GPS failure). Figure 2.11 shows an example

of a drone simulation in JMavSim simulator .

JMavSim has a Micro Aerial Vehicle Link(MAVlink) interface . This simulator can be

integrated with both ROS and flight controller firmware. It uses the UDP protocol for

communication [41].

Figure 2.11: JMavSim simulator [48]

Features :

• Supported only Quad vehicles .

• You can use QGroundControl to fly a mission.

• Change Simulation Speed ( increased or decreased with respect to realtime).

• You can connect jMAVSim with a SITL version of PX4 or Start JMAVSim and PX4

Separately.

• JMAVSim can be used for multi-vehicle simulation.

• The simulation can be interfaced to ROS the same way as onboard a real vehicle.
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2.6.2 Multiplayer simulators

2.6.2.1 X-Plane

X-Plane [49] is a commercial product of Laminar Research. This simulator is supported

by Windows, Linux, Mac OS. It is also available as mobile version for Android and iOS.

X-Plane can be used with additional hardware to provide realistic results. It supports

many commercial and military aircraft models. The simulator can be extended with help

of TCP or UDP sockets to provide multiple instances of different air crafts. The X-Plane

uses Plane Maker to imitate UAV flight. It can be used to evaluate physical forces acting

on multiple parts of the UAV (Cf. figure 2.12). The native communication protocol used

is UDP protocol [41] .

Figure 2.12: X-Plane simulator

Features :

• Weather modeling (including downloading current real-world weather from the

Internet and low visibility flying conditions ,seasons and Rain/Snow on Runways ).

• Simulating system failures (user initiated or completely random).

• Aircraft customization (you can create your own aircraft using the included Plane

Maker app).

• Airfoil Maker (to make airfoils for your custom aircraft).

• X-Plane (the actual flight simulator).

• With over 3,000 airports with 3D buildings and Trees.

• Airports populated with static aircraft plus dynamic airport environments.

• Latest road placement and global scenery from Open Street Map.

• X-Plane lighting engine is completely photometric and runs in true HDR at all

times. This includes updates to how we do night lighting and artificial light sources.

We are finishing up a very careful pass over a wide variety of light sources – urban

lights, street lights, and most importantly light sources that affect pilots.
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• X-Plane water is 3D. Not only does this make ocean waves more realistic, but this

3D water interacts with the flight model.

• Fleet formation flight for multiplayer.

2.6.2.2 Flight Gear

Flight Gear [50] Flight Simulator is an open source multi platform flight simulator. This

simulator can be used on operating systems such as Linux, Windows, Mac OS, and Solaris.

Flight Gear source code is released under the GNU General Public License. External 3D

modelling software with an XML , to enlist the features of UAVs should be used to model

UAV in this simulator. Different multiple UAVs can be initialized at different instances.

The multiple mode can coordinate and communicate these multiple UAVs in optimal

environment. This feature facilitates simulation of ad hoc network [41].

Flight Gear supports three types of Flight Dynamics Models (FDMs), which contain

mathematical equations to calculate the physical forces acting in a simulated UAV. Forces

could be drag, thrust, and lift. Flight Gear supports SITL and HITL . Figure 2.13 shows

an example of a drone simulation in Flight Gear simulator.

Figure 2.13: Flight Gear simulator [51]

Features [52]

Extensive and Accurate World Scenery Data Base :

• Over 20,000 real world airports included in the full scenery set. Correct

runway markings and placement, correct runway and approach lighting.

• Scenery includes all lakes, rivers, roads, railroads, cities, towns, land cover, etc.
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• Nice scenery night lighting with ground lighting concentrated in urban areas

(based on real maps) and headlights visible on major highways. This allows for

realistic night VFR flying with the ability to spot towns and cities and follow

roads.

• Scenery tiles are paged (loaded/unloaded) in a separate thread to minimize

the frame rate hit when you need to load new areas.

Accurate and Detailed Sky Model : FlightGear implements extremely accurate time of

day modeling with correctly placed sun, moon, stars, and planets for the specified

time and date. FlightGear can track the current computer clock time in order to

correctly place the sun, moon, stars, etc. in their current and proper place relative

to the earth.

Flexible and Open Aircraft Modeling System : FlightGear has the ability to model a

wide variety of aircraft.

Moderate Hardware Requirements : The intention of FlightGear is to look nice, but not

at the expense of other aspects of a realistic simulator.

Networking options A number of networking options allow FlightGear to communicate

with other instances of FlightGear, GPS receivers, external flight dynamics modules,

external autopilot or control modules. A multi player protocol is available for

using FlightGear on a local network in a multi aircraft environment, for example to

practice formation flight or for tower simulation purposes.

2.6.3 Comparison of UAVs simulators

Following table 2.3 gives a comparison between all of the above mentioned simulators

[41].
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Table 2.3: Comparative analysis of UAV simulators

2.7 Conclusion

In this chapter, A review introduced of different UAVs simulators and flight controller

softwares and some other tools and libraries. And it details the requirements, the goals,

the strengths and the weakness of each studied tools.

This investigation helps researchers to identify and to select the adequate UAVs perfor-

mances analysis tools that satisfy their needs.

We, in turn, designed and created a humble multirotor drone simulator, which we will

study in the next chapter.
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3 UAVs Mobility Simulator

(UAVMS)

3.1 Introduction

There has been some recent work in drone simulators, there are those who are open

source, there are those who support fleet movement, there are those who support artificial

intelligence...etc.

We, in turn,we have developed a drone simulator that we called UAVs Mobility Simulator

(UAVMS), which focuses on the quadcopter type.

In this chapter, we will introduce our UAVs Mobility Simulator (UAVMS) system design

and modeling, the services and libraries used in this project and the user interfaces of the

simulator.

3.2 Development environment

Here the necessary services and libraries and all languages used in this project.

Matplotlib.pyplot [53] is a state-based interface to matplotlib. It provides an implicit,

MATLAB-like, way of plotting. It also opens figures on your screen, and acts as the

figure GUI manager.

pyplot is mainly intended for interactive plots and simple cases of programmatic

plot generation.

Numpy [54] is the fundamental package for scientific computing in Python. It is a

Python library that provides a multidimensional array object, various derived

objects (such as masked arrays and matrices), and an assortment of routines for fast

operations on arrays, including mathematical, logical, shape manipulation, sorting,
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selecting, I/O, discrete Fourier transforms, basic linear algebra, basic statistical

operations, random simulation and much more.

Pandas [55] is a fast, powerful, flexible and easy to use open source data analysis and

manipulation tool,developed in the Python programming language for data process-

ing and analysis. In particular, it presents data structures and manipulations for

numerical tables and time series. It is free software released under the BSD license.

PythonRobotics [56] This is a collection of robotics algorithms implemented in the

Python programming language. The focus of the project is on autonomous naviga-

tion, and the goal is for beginners in robotics to understand the basic ideas behind

each algorithm. In this project, the algorithms which are practical and widely used

in both academia and industry are selected.

JXMapViewer [57] is an open source Swing component, a special JPanel that presents a

slippy map in a java app. Java GUI developers can add it to any Swing application,

the way you would with any other JPanel. It loads in raster tiles and presents them.

Java API for JSON The Java API for JSON Processing provides portable APIs to parse,

generate, transform, and query JSON using object model and streaming APIs [58] .

3.3 Architecture system of UAVs Mobility Simulator (UAVMS)

Figure 3.1: Architecture system of our simulator (UAVMS)

Our simulator system contains two important sections (Cf. figure 3.1), the first is

responsible for user interfaces in addition to maps and displaying the simulated result to

the user.

The second section is responsible for navigating a drone or fleet, and displaying mission

analysis to the user.
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We will explain all the parts of this system in the order of the simulation process, starting

from entering parameters to displaying the simulation

3.3.1 UAVs Mobility Simulator navigation model

This is responsible for the navigation model including path tracking and drone fleet

flight. It takes the mission parameters from the first section via a JSON file (Cf. figure

3.2).

Figure 3.2: Example of a mission JSON file

3.3.1.1 Quadcopter Dynamics

The quad-rotor architecture has been chosen for this research for its low dimension,

good maneuverability, simple mechanics and payload capability. However, thanks to its

structure, it is quite easy to choose the four controllable variables and to decouple them

to make the control task easier. The four quad-rotor targets are thus related to the four

basic movements which allow the helicopter to reach a certain height and attitude.

Throttle- This is the control of the power being fed to the drone. It is that power that

makes the drone move slowly or faster. For the power to be adequate, all the

propellers must be moving at the same speed (Cf. figure 3.3).

Yaw- This is the clockwise or anticlockwise rotation of the drone that allows you to

command the drone into making patterns or circles in the air. If the drone rotates

in the right direction, propellers 1 and 4 must move at high speed while 2 and 3

moves at low speed (Cf. figure 3.3).

Pitch- Refers to forward and backward tilting of the drone. For the forward pitch

movement to occur, propellers 2 and 1 must move at average speed while 1 and 4

moves at high speed. On the other hand, if you want the drone to move backward,
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propellers 1 and 4 must be at a low rate while 2 and 3 be at average speed (Cf. figure

3.3).

Roll– Right or left movement of the drone in the air. For this to occur, propellers 1 and

3 must be moving at average speed while 2 and 4 are at high speed. On the other

hand, if you want your drone to roll to the right side, propellers 1 and 3 must be

running at high speed while 2 and 4 run at a low speed (Cf. figure 3.3).

Figure 3.3: Quadcopter Control Motor Speeds

Besides the four basic movements of the quadcopter, our simulator navigation model

also contains the power model.

3.3.1.2 Energy model

The energy consumed is affected by the communication characteristics between the

drone and other wireless devices (frequency, bandwidth...), navigation, payload, sensors

and other variables according to the type of drone and the type of mission [59].

In our simulation we implement energy model that depend on thrust, total weight

(weights of the vehicle and payload and battery, drag force and flight speed [60].

Other variables, such as communications and sensors, are not currently applied in our

simulator. Adding them depends on upcoming releases and updates.

3.3.1.3 Fleet control strategy in the UAVMS

In our simulator, we have three ways of positioning , and controlling a group of drones.

37



Figure 3.4: Fleet Control Strategy On Mobility simulator

Drones placed in a ring In this strategy, one drone is identified that is in the center and

surrounded by the rest of the drone in the form of a ring. Each ring is separated

from the other by a value of x, which is determined by the length, width and height

of the drones.All drones follow the path set by the central drone (Cf. figure 3.4).

Drones in a sequential line In this strategy, all the drones are placed in a sequential row,

with each drone being at a distance x from the other. x is determined by the length,

width, and height of the drone. All drones in this strategy follow a single path (Cf.

figure 3.4).

Each drone is individually In this strategy, each aircraft has its own path and speed and

is not related to the rest of the drones (Cf. figure 3.4).

3.3.1.4 Mobility modes

In our simulator we have implemented two main mobility modes (Cf. figure 3.5).

Figure 3.5: Mobility modes of UAVMS

Trajectory tracking In this flight mode, all the drones follow the specified path.(Cf.

figure 3.5) The number of circles that the drone must make in the path, In addition
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to the points that define the path. and the number and settings of the drone, are

given by the user.

In this mode, the user can choose the way to position a group of drones across the

path,either in the form of a circle (Ring) or a line .

Random Walk Model In this flight mode, each drone follow a random walk model in

the selected area , so that a random point is chosen for a new path each time the

drone ends the previous path (Cf. figure 3.5) . In this mode, the user can choose

the way to position a group of drones across the path,either in the form of a circle

(Ring) or each drone is individually .

3.3.1.5 Navigation files

Our simulator outputs the navigation files from the UAVMS navigation model :

• log.txt that it sends to the first partition to complete the simulation. This file

contains the time, drone ID, x position, y position, z position, and energy in the

exact order of all drones (Cf. figure 3.6).

Figure 3.6: Example of a log.txt file

• log.csv that can be used for analytics and graphical data generation. This file

contains the time, drone ID, x position, y position, z position, roll, pitch, yaw,

velocity and energy in the exact order of all drones (Cf. figure 3.7).

Figure 3.7: Example of a log.csv file
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• scenario.tcl that can be used as a scenario in the ns-2 simulator. This file contains

the time, drone ID, x position, y position and velocity in the exact order of all drones

(Cf. figure 3.8).

Figure 3.8: Example of a scenario.tcl file

The UAVs Mobility Simulator also shows a simple analysis of the simulation for the user

using matplotlib [53].

3.3.2 Data entry interfaces

The user first gives all the parameters and options for the simulation through the user

interfaces, the simulator in turn writes all the options and parameters to the JSON file,

and it also executes the Python program responsible for navigating with the JSON file as

input.

Below we will introduce the UAVM simulator through the users’ view, and how to

configure the simulation through the user interfaces .

The first interface (Cf. figure 3.9) that is displayed after running the program is the main

simulation interface.

Through this interface, you can :

• Create a new mission via (New ).

• Restart the simulation by clicking on (Restart).

• (Reset) to cancel the mission.

• (Start) to start the simulation process.

• (Pause) to pause the simulation process.

• (Resume) to resume the simulation.

• The buttons (Start,Stop,Resume) can only be clicked after creating a mission.
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Figure 3.9: The main simulation interface

The next interface (Cf. figure 3.10) appears by pressing (New) to create a new mission.

Through this interface, you can create a name for the mission and specify the type

of mission.

Figure 3.10: The mission creation interface

• To determine the trajectory tracking, you can specify how the drones will

travel, one by one in the form of a line , or as a form of a circle . You can also

create the route manually or through the map by pressing (Set on map) button

(Cf. figure 3.11 ).
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Figure 3.11: Determine the path on the map

To select the path points, press Marker, then Preview to display the path, then

Save to save the path.

• For the random walk model, you can specify how the drones will move, in-

dividually, or as a group (fleet). You can also specify the area manually or

through the map by pressing (Set on map) button (Cf. figure 3.12 ).

Figure 3.12: Determine the zone on the map
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• For the point-to-point navigation model, you can specify how the drones will

move, individually, or as a group (fleet). You can also specify the two points

manually or through the map by pressing (Set on map) button (Cf. figure 3.13

).

Figure 3.13: Determine the start and end points on the map

The last interface (Cf. figure 3.14 ) is responsible for the additional settings for the drone,

simulator, and battery .

Figure 3.14: Define the parameters of the drone

• Number of drones.

• Speed.

• Acceleration.
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• Weight.

• Capacity of battery.

• Analyse (Enabled or Disabled).

3.3.3 UAVMS analyzer

Our simulator can provide an analysis of battery consumption and remaining power ,

as well as velocity , as well lateral and vertical position .An example of this is in Figure

3.15 view the analysis of the fleet scenario n the form of a circle ( random walk model ) .

Figure 3.15: Random Walk Model (Fleet) analyse

3.3.4 Filter

The filter reads the navigation file, which contains the location and speed, in addition to

the percentage of remaining battery power for each drone, all in terms of time t, and then

filters the navigation file according to the drone so that it gives each drone its coordinates,

characteristics and information (Cf. figure 3.16 ).

3.3.5 Final Results Interfaces

This section is responsible for tracking and displaying the locations of the drones during

the simulation in the map, in addition to displaying the percentage of remaining battery
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Figure 3.16: File Navigation Filter

power by reading the navigation file generated from the navigation section after passing

the filter.

In this chapter we present six possible scenarios for our simulator.

A. Scenario of one drone ( trajectory tracking ) In this scenario, we have set the trajec-

tory tracking mode with one drone (Cf. figure 3.17).

Figure 3.17: Scenario of one drone ( trajectory tracking )

B. Scenario of fleet in form of line ( trajectory tracking ) In this scenario, we have set

the trajectory tracking mode with the strategy of moving the fleet in sequential line.

Figure 3.18 shows the final outcome of this scenario in the map.
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Figure 3.18: Scenario of fleet in form of line ( trajectory tracking )

C. Scenario of fleet in form of circle ( trajectory tracking) In this scenario, we have set

the trajectory tracking mode with the strategy of moving the fleet as a circle. Figure

3.19 shows the final outcome of this scenario in the map.

Figure 3.19: Scenario of fleet in form of circle ( trajectory tracking)

D. Scenario of one drone ( random walk model ) In this scenario, we have set the ran-

dom walk mode with one drone (Cf. figure 3.20).
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Figure 3.20: Scenario of one drone ( random walk model )

E. Scenario of fleet in form of circle ( random walk model) In this scenario, we have

set the random walk mode with the strategy of moving the fleet as a circle. Figure

3.21 shows the final outcome of this scenario in the map.

Figure 3.21: Scenario of fleet in form of circle ( random walk model)

F. Scenario of each drone individually ( random walk model) In this scenario, we have

set the random walk mode with the strategy of moving each drone is individually.

Figure 3.22 shows the final outcome of this scenario in the map.
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Figure 3.22: Scenario of each drone individually ( random walk model)

3.3.6 Network Simulator (NS2) support

As mentioned earlier, our simulator creates a nav file for ns2 in tcl language in any of

the previously mentioned scenarios. Example of this is in figure 3.23 display the result of

the fleet scenario in the form of a line ( Trajectory tracking ) in the Network Simulator 2.

Figure 3.23: Running The Navigation File In NS2
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3.4 Conclusion

In this chapter, we have designed and modeled the system and overall structure of

our navigation simulator (UAVMS), in addition to defining the environment needed for

development and mentioning the tools and libraries used, and graphical user interfaces.

Finally, we provided all the scenarios in UAVs Mobility Simulator.
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General Conclusion

Drones have been a subject of coordinated research over the past few years, due to

their autonomy, flexibility, and wide range of application areas. The most important

contributor to facilitating the research and development of drones is simulation programs.

During this final graduation project, we created a mobility simulator for drones, which

we called the UAVs Mobility Simulator (UAVMS).

The goal of this simulator is to simulate the movement of a single drone or fleet on a

specific path or in a specific area.

Our simulator is for quadcopter type drones. It offers features such as ease of use,

variety of scenarios, battery model, which calculates the percentage of remaining power,

in addition to some dynamics of the drone such as roll, pitch and yaw angles, torque,

thrust and drag...etc.

Besides the trajectory tracking and random walking modes, our simulator offers strategies

for drones to navigate as a fleet and that is to navigate in a sequence, as a circle, or

individually.

Our simulator is free and open source, so researchers and developers can add their

contributions to our simulator such as communication model, more mobility models,

climatic phenomena...etc.
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Use case diagram of UAVs Mobility

Simulator

Figure 24: Use case diagram
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Class diagram of UAVs Mobility Simulator

.1 First section

Figure 25: Class diagram of UAVs Mobility Simulator GUI section

.2 Second section
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Figure 26: Class diagram of UAVs Mobility Simulator mobility section
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