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Résumé

L’espace aérien connaît une présence prédominante des Unmanned Aerial Vehicles
(UAVs), une présence qui a inspiré les chercheurs s dans les domaines militaire
et civil. En se concentrant sur les missions des UAVs, les UAVs effectuent des
tâches de manière professionnelle et que pendant le processus le champ de mission
n’est pas exempt d’obstacles de toutes sortes fixes et mobiles en cas de collision,
la mission échouera.

Cette situation nécessite des méthodes et des algorithmes qui permettent au
Unmanned Aerial Vehicle (UAV) pour prendre une décision sur la façon d’éviter
d’entrer en collision avec ces obstacles d’abord et d’éviter la collision avec eux,
deuxièmement, ce qui nous a inspiré à rechercher et à le présenter dans ce travail.

A travers ce travail, nous aborderons les composants des UAVs, ses classifica-
tions et domaines d’applications dans une première partie, en passant à la seconde
partie, dans laquelle nous présenterons le système de détection d’obstacles puis les
méthodes et comment éviter les collisions.

A la fin de ce travail, nous présenterons une nouvelle méthode pour éviter
les collisions en fonction des méthodes présentées précédement en concentrant sur
ses lacunes et ses faiblesses. Keywords : UAVs, UAV Swarm ,Collision

Avoidance, Procedure of escape.
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Abstract

The airspace has a predominant presence of UAVs, a presence that has inspired
researchers and developers in the military and civilian fields. Focusing on the
missions of the UAVs, it performs tasks in a professional manner and during the
process the mission field is not free from obstacles of all kinds fixed and moving in
the event of a collision, the mission will fail. This situation requires methods and

algorithms that allow the UAV to make a decision on how to avoid colliding with
these obstacles at first and avoid colliding with them secondly, which inspired us
to research and present it in this work. Through this work, in the first part, we will

describe the components of the drone, its classifications and fields of application.
Moving on to the second part, in which we will present the obstacle detection
system then the methods and how to avoid collisions.

At the end of this work, we will present a new method to avoid collisions based
on the methods presented previously, focusing on its shortcomings and weaknesses.

Keywords : UAVs, UAV Swarm ,Collision Avoidance, Obstacles.
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CHAPTER 1

INTRODUCTION

1.1 Context and Problem Statement

With the great advancement of UAV technologies and the mass production of
UAVs in the last decade, skies are getting crowded with flying objects. And further
as UAVs have been recognized as applications accelerators for the emergence of
new domains such as civilian uses which includes crop monitoring, load carrying,
professional photography, telecommunications and many other tasks.

However, the growing number of flying objects in the sky poses a real threat to
civilian flight airspace due to the deployment of diverse collision avoidance systems
which could result in disasters. Generally the current Collision Avoidance Systems
(CAS) work following a set of steps which are sensing, detecting and avoiding
obstacles. We note that pre existing solutions are either based on using individual
sensing, communication, simulation of paths ...etc in order to avoid obstacles.

Thus, the existing solutions can rather be too costly in processing performance
overview or too restrictive for the UAV which could result in mission success degra-
dation especially in dense networks (UAV Swarm). In our work we aim to study
further more pre existing solutions and discover their limits in order to build a new
approach that aims to be effective, low cost and compatible with UAV Swarms.

11



12 CHAPTER 1. INTRODUCTION

1.2 Organization of the Dissertation

The structure of this work is as follows:

• Chapter 2 discusses the different aspects of the UAVs from its components
to its different application fields.

• Chapter 3 presents the state-of-art concerning the collision avoidance sys-
tems and the pre-existing methods

• Chapter 4 we present our approach, simulation environment and discuss
our simulation results.

• Finally we conclude with a general conclusion that summarizes what was
discussed in all the previous chapters

12



CHAPTER 2

UNMANNED AERIAL VEHICLES

2.1 Introduction

In literature, a drone is an aircraft that can hover without carrying a pilot on-
board, it floats autonomously using the flight controller or can be remotely guided
through instructions coming from a ground base station.

Drones are built by combining a set of several hardware and software compo-
nents, In this chapter, we present first the components and the types of UAVs.
Then, we detail the communication architectures before presenting the applica-
tions of UAVs

2.2 Technical view of UAVs: Components

Drones, as a flying system is a set of hardware modules and software modules, like
figure 2.1 shows [2] that work in coordination with each other to assure the safe
and reliable operational movements, where each module executes a specific task,
In what follow, we detail the task of each module.

13



14 CHAPTER 2. UNMANNED AERIAL VEHICLES

Figure 2.1: UAV modules

2.2.1 Power Module

It represents the power source of the drone that supplies energy to the different
modules. It is the key factor to determine the flight time, speed and endurance
distances, we distinguish two types of energy sources (i) fuel for medium and large
air crafts and (ii) batteries for small pilot-less air crafts.

2.2.2 Flight Controller

After turning on the aircraft it starts flying , during the flight comes the role of
the flight controller which is used to stabilize the attitude of a the airplane and
achieve a desired speed, position, and direction.

14



15 CHAPTER 2. UNMANNED AERIAL VEHICLES

2.2.3 Propulsion System

It is the main UAV direction controller which it intakes directions from the flight
controller for propellers to instruct them where to rotate in order to change the
direction according to the mission planning module [3]. Propellers depend on the
UAV type (Propellers for multi-rotor UAV and wings for fixed wing UAV), We
distinguish two types of propellers.

- Standard Propellers : Which manipulate the direction of UAV (Right, Left).

- Pushed Propellers: Which manipulate the backward and forward direction of
the UAV.

2.2.4 Mission Planning Module

It is a software-based module where the mission type, routes, checkpoints and
flight parameters are programmed by an operator into the flight controller. The
flight controller uses information provided by this module to determine current
flight variables such as altitude, current position, distance travelled... etc. The
flowchart of figure 2.2 describes the main steps of mission planning

Figure 2.2: Mission planning module organizational chart

15



16 CHAPTER 2. UNMANNED AERIAL VEHICLES

2.2.5 Networking and Communication module

It is a set of a communication hardware, programs and protocols that ensure
the sent and receive of data [4] from/to UAVs and helps flying in coordination
in case of swarms. The communication module [5] is generally equipped with
a radio interface dedicated to control the UAV air movement, and a long range
transmitter/receiver interface that connects multiple UAVs. Figure 2.3 presents
the following types of communications.

Figure 2.3: UAV communication links

UAV to Ground Control Station communication : This type of communi-
cation is also called “network-connected UAVs communication”, allows trans-
mitting control between UAV-GBS using 3G/4G/5G technology.

UAV to UAV communication: In this type of communication, each UAV
plays the role of Receiver/Transmitter at the same time. It allows by us-
ing WiFi, Bluetooth or Zigbee [5].

UAV to Satellite Communication: UAVs are often deployed in complex en-
vironments, where it is difficult to install GCSs or when a group of UAVs
requires continuous connectivity and the network is severely partitioned. For
this purpose, there is a need for a centralized entity ensuring permanent con-
nectivity like using satellites as an adequate option to serve as relays [4].

16



17 CHAPTER 2. UNMANNED AERIAL VEHICLES

2.2.6 Sensing Module

This module consists of on-board camera sensors like RADAR, LIDAR, SONAR
. . . etc. (table 2.1), where it offers the view of the flight area field in order for
gathering information or identifying targets [6]. It Plays an important role due the
constant and obligatory interaction with collision avoidance module for obstacle
detection and avoidance. We differentiate different types of sensors that can be
classified as:

- Active Sensors : These sensors interact with objects by emitting signal in di-
rection of the object. The reflected signal is recorded by the
sensor [1].

- Passive Sensors : These sensors do not need to get another source to read the
received signal from the object like sun rays on earth [1]..

Table 2.1: UAV Sensor types comparison [1]

2.2.7 Collision Avoidance Module

after the acquisition of information about the obstacle via sensing module and
current localization of UAV, here comes the role of the Collision Avoidance Mod-
ule. It is a software based solution that allows the aircraft to make an avoidance
maneuver to prevent an accident between the UAV and the external environment
objects. This module will be more detailed and explained in next Chapter.

17



18 CHAPTER 2. UNMANNED AERIAL VEHICLES

2.3 UAVs Classification

The great demand for drones has led to their development and emergence in many
different forms and shapes from micro and nano to large UAVs [7], different tech-
nologies on hardware and software components like communication and sensing, as
well as various flight mode. Drones can also be divided into two other classes based
on their weight, flight range and endurance cf. figure 1.5 We generally distinguish
UAVs based on their propellers structure which can be either multi rotor or fixed
wing drones, but a classification based on this element only can be incomplete [8]
which can be recapitulated in figure 2.4.

Figure 2.4: UAV classification

18



19 CHAPTER 2. UNMANNED AERIAL VEHICLES

2.4 UAV Swarm Control Strategies

A swarm of UAVs is a set of UAVs that are flying following topology (mesh net-
work, follower-leader topology, star topology . . . etc); They are used to increase the
efficiency of executing a task and get a better and accurate results like monitoring
a land or capturing high-quality images by making a coordination and communi-
cation links between UAVs [9, 10]. As in [11] UAV networks architecture can be
classified as :

2.4.1 Centralized Architecture

• A single aircraft monitors all the swarm and assures the coordination between
the UAV network members and the base station.

• UAV current state exchange is necessary throughout the mission with a cer-
tain UAV that organizes the movement of UAVs as in follower-leader ap-
proach as in the figure 2.5(A).

2.4.2 Decentralized Architecture

• Every member in the swarm flies independently from the other UAVs.

• Each member executes its own task, without common point of coordination
with others.

• Each member can share information and coordinate with another members
[12] but it isn’t necessary and each member of the swarm can communicate
directly with the base station as in the figure 2.5(B).

Example : behavior-Based approach

19



20 CHAPTER 2. UNMANNED AERIAL VEHICLES

Figure 2.5: UAV control strategies

2.5 UAV Applications

As in [7] drones may be used in a wide range of applications (as figure 2.6 shows)
such as :

• Cinematography : Drones are mostly used to make movies, film stunts,
and record television news. Drone journalism allows for low-cost local news
coverage and weather forecasting without putting people at danger on other
modes of transportation.

• Medical/Emergency : It includes any process that necessitates a large-
area search or information collection for health, police, or firefighting per-
sonnel. Many challenges are dealt here, including the distribution of medi-
cal supplies and humanitarian relief in natural disasters, the evaluation and
mitigation of hazardous materials and wildfires, missing people response and
protests monitoring.

• Land Planning Mapping : Land planning requires mapping information
that is reliable and does not exceed budget. An inexpensive drone mapping
solution eliminates the risk of outdated or obscure map/data sources. In
many cases, drones can provide data that fits planned budget.

20



21 CHAPTER 2. UNMANNED AERIAL VEHICLES

Figure 2.6: UAV Functionalities and Applications

• Precision agriculture : Includes the examination of crop health or the sur-
veying of land for agricultural and food items. Monitoring livestock, mea-
suring crop fields, estimating crop production, evaluating the requirement
for chemical and pesticide application, and identifying plant illnesses are all
part of these activities. Tractors, field sprayers, and sprinklers are examples
of technology that might be superseded by the use of drones in this industry.

• Defense Applications : Used by military’s around the world for surveil-
lance, reconnaissance, electronic warfare and strike missions. They eliminate
the risk to the life of the pilot and navigation abilities such as endurance are
not limited by human limitations.

2.6 Conclusion

This chapter introduced the basic concepts behind the UAVs, such as types, com-
ponents, and application fields. In the next chapter, we will discuss more UAVs
and how they avoid the risks concerning collision and how they asses the different
scenarios if either a collision will happen in the future.
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CHAPTER 3

COLLISION AVOIDANCE

3.1 Introduction

In literature, an obstacle is something that blocks you so that the move-
ment toward a destination is prevented or made more difficult.

Obstacles can be classified in two main classes static obstacles or dynamic
obstacles. Static like buildings, towers or simply objects that rarely or never
move, dynamic such as vehicles, birds, persons or any objects that have a higher
mobility [13]. In this chapter, we represent the concept of collision and approaches
used to avoid it.

3.2 Concept of a collision

By definition, a collision is an event that happens when two or more vehicles hit
each other with force, this event can lead to issues on the frame like breaking ,
separation, or chassis clinging to each other which clearly fails the mission [14].
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The methods used to avoid colliding with other objects whatever their type are
called Collision Avoidance Methods [15]. Where in the literature, this is referred
as obstacle avoidance, and it incorporates surrounding elements and their overall
purpose is to move safely.

In the next section, we concentrate our study on collision avoidance in UAVs.

3.3 Collision avoidance systems

A collision avoidance system can realize many functions, from simple conflict de-
tection and warning to completely autonomous conflict detection and resolution as
detailed in [16]. UAV roles totally depend on the autonomy level of the UAV and
its components. Collision avoidance system can be outlined as a set of cooperative
actions between different UAV modules. Figure 3.1 represents the different phases
running in the collision avoidance process.

Figure 3.1: UAV collision avoidance modules
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3.3.1 Sensing phase

The task of sensing may be accomplished with two types of sensors (see figure 3.2):

• Cooperative Sensors : It is a type of sensors that receive a radio signal
from another aircraft equipped with the same onboard equipment [17], and
it has the ability to sense the environment and communicate their data with
other air crafts.

Example : Automatic Dependent Surveillance Broadcast (ADS-B) can
send the entire flight plan data.

• Non-Cooperative Sensors: : They are able to sense all types of obstacles
without the need of a communication link between other UAVs or obstacles
[17]. We differentiate two types of non-cooperative sensors: active and pas-
sive sensors. Active sensors [1] diffuse signals to discover obstacles, while
passive sensors rely on the signals emitted by the obstacles themselves.

Figure 3.2: Types of sensors
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3.3.2 Detection phase

In this phase future conflicting traffic are identified [18] using current state pro-
jections. Therefore, any incursion into UAVs protection zones will generate an
conflict alerts. This allows for for avoidance maneuvers in the right interval of
time. Three types of projections exist which are Nominal, worst-case, and proba-
bilistic projections [19] as presented in the table 3.1.

– Nominal Projection : It projects the current state into the future along a
single trajectory which is the most commonly used (e.g., straight trajectory).

– Worst case projection : A wide range of maneuvers are projected for the
aircraft, and if any one of them leads to a conflict an alert is issued.

– Probabilistic projection : For each obstacle, not all possible maneuvers
are projected but only a set of them with a probability (P), this is generally
done by developing a complete set of future trajectories that are weighted
by a probability of occurring (eg., using probability density functions), the
occurred trajectories are then propagated into the future to use them for
later to check for possible conflicts.

Table 3.1: Projection approaches
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3.3.3 Resolution phase

When a conflict in the near future is detected, the resolution maneuver function
should be triggered. We describe resolution maneuver as the act of determining
how to resolve a specific conflicting circumstance in order to avoid possible an
impending collision.

3.3.3.1 Resolution Maneuvers

The collection of maneuvers needed to avoid a conflict are referred as the resolution
maneuvers,are speed changes (speeding up or slowing down), horizontal movements
(turning left or right) and vertical movements (climb or descend). In certain
circumstances, a single fundamental maneuver is all what is required to escape a
collision [20]. But in other cases, a mix of fundamental movements is necessary.
The combined movements can be done concurrently or sequentially for a set of
drone swarm.

3.3.3.2 Management of Multiple Aircraft Conflicts

A conflict resolution system can manage conflicts between more than two aircraft
in two ways: pairwise or globally.

• Pairwise: In pairings, issues are addressed sequentially.

• Global-wise: The entire issue is evaluated at the same time, and the
conflict is resolved at the same time. This is normally accomplished in a
centralized way by forming a cluster of all the planes participating in the
conflict.

26



27 CHAPTER 3. COLLISION AVOIDANCE

3.4 Collision Avoidance Approaches

UAV collision avoidance approaches can be classified on various classes[19, 21, 15,
22]. The commonly classes used in the literature are presented in figure 3.3.

Figure 3.3: Collision Avoidance Methods Classification
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3.4.1 Geometric approaches

In this type of approaches, UAVs are presented as a mass of points defined by
velocity vector (Vx, Vy) [23]. Geometric approaches assume that the drones share
their velocities in order to achieve a cooperative collision avoidance maneuver [24].

An example of algorithms that is based on geometric approaches, velocity ob-
stacle and collision cone algorithm.

3.4.1.1 Velocity Obstacle and Collision Cone:

This algorithm uses two main concepts known as Collision Cone (CC) [25]. The
CC is a set of velocities that should take the UAV directly to a collision with the
obstacle as shown in the figure 3.4. This can be expressed by:

CCuo = {∀ Vuo∃λuo|λuo.Vuo ∩Obstacle ̸= ∅} (3.1)

Where Vu: Velocity of the UAV
Vo: Velocity of the obstacle

Vuo = Vu − Vo : Vuo is the relative velocity of U respectively to O.
λuo: is the line of Vuo.

Figure 3.4: collision cone

The other main concept, is Velocity Obstacle (VO) which used for dynamic obsta-
cles. VO is defined as the set of collision cone velocities plus (Minkowski Sum) the
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velocity of the other obstacle which outputs another cone called Velocity Obstacle
(see figure 3.5) [26]. VO is defined by the following equation :

V Ouo = CCuo

⊕
Vo (3.2)

Figure 3.5: Velocity Obstacle

For the avoidance maneuver, each UAV risks a potential collision has to choose
any velocity Vu outside the uo that will guarantee a collision avoidance of the
obstacle.

In the case of the occurrence of multiple obstacles, the velocity obstacle will
be defined as the UNION of individual velocity obstacles and it is defined mathe-
matically as:

⋃m
i=1 V Oi

Velocity Obstacle limits :

Velocity obstacle is largely deployed in the geometric approaches but it also has
its limits. For instance, if the UAV is surrounded by VO cones it cannot find a
way pass through the obstacle to perform collision avoidance.
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3.4.2 Force Field based approaches :

This type of approaches [27] calculates a safe path using different potential forces
applied towards the UAV by all obstacles and the goal. The main example of force
field based methods is Potential method in selective avoidance [28, 29, 30]
.

3.4.2.1 Selective Avoidance Algorithm

Selective Avoidance Concept:

In this algorithm, when an obstacle is detected the UAV has to calculate the total
force acting on it [31, 15].

Ftotal(x) = Frep(x) + Fatt(x) (3.3)

Where FRep represents the repulsive force that pushes the UAV away from the
obstacle, and it is defined by:

Frep(x) =

{
−∆.1

2
.µ( 1

ρo
− 1

ρsafe
).ρ2d, if ρx ≤ ρ0

0, otherwise
(3.4)

Where ∆ represents the gradient of potential, µ is a positive constant specific to an
obstacle, ρo represents the distance to the obstacle, ρsafe represents safety distance
and ρd represents the distance between UAV and destination. In case of multiple
obstacles FRep is calculated by the equation:

FRep =
n∑

i=1

Frepi (3.5)

- FAtt represents the attractive force generated by the goal that pulls the UAV
toward it, it is defined by:

FAtt(x) = −ϵ.ρd.∆.ρd (3.6)

Where ϵ is an attractive constant. The figure 3.6 illustrate different forces acting
on an UAV.
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Figure 3.6: Different Forces applied by the obstacle and the goal

Selective Avoidance Algorithm:

The algorithm of selective avoidance detailed in [28] is presented in the figure 3.7.

Figure 3.7: Selective Avoidance diagram

• The UAV that has travelled a shorter distance is selected to change its path
to avoid , while the other UAV goes through towards its destination.
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Selective Avoidance limits :

Sometimes the resulted repulsive force that the UAV has to apply is unrealistic
for conceptual limits which means this approach cant be applied to all types of
UAVs. For example, when applying this method with fixed wing UAVs sometimes
the repulsive force will be too large resulting in a backward total force which cant
be done by the UAV immediately like multi rotor drones.

3.4.3 Optimized trajectory approaches:

Optimized trajectory approaches [32, 33, 34] obliges each UAV to calculate a tra-
jectory with lowest cost using a cost function F just like the A* algorithm explained
in section 2.4.3.1 which is very similar to UAV routing algorithms.

figure 3.8, shows an example where a UAV tries to avoid an obstacle by calcu-
lating a set of weighted paths based on a cost function.

Figure 3.8: Multiple trajectories optimal search
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3.4.3.1 A* Algorithm

This algorithm treats the surrounds as a weighted 2D map and upon finding an
obstacle it works as follows:

• Finding a preferable route to reach the goal using the total cost function
defined by: F = G+H

Where G is to the cost from the starting point to current (visited) one, and
H is the heuristic function estimating the cost from the current point to the
destination.

- A* assigns costs to paths that are too close to obstacles using two different
types of heuristic functions: conservative and aggressive heuristics as shown
in figure 3.9.

In the conservative function safety rules are considered by allocating a lower
cost for the paths passing behind the intruders to encourage the UAVs to
choose a safer path. But in the aggressive function A* tries to find a path
that can be a little more dangerous in order to reach the destination faster,
where the distance between UAVs is considered as the minimum requirement
of safety [35].

Figure 3.9: (a) Conservative and (b) aggressive heuristic approach

• A* limits: A* algorithm requires a really high computational power and it
gives a good avoidance maneuvers only for fixed obstacles.
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3.4.4 Hybrid approaches

These approaches merge different aspects of geometric, force field and optimized
trajectories methods which creates a unique new methods.

3.4.4.1 3D SWAP

3D SWAP is a decentralized and reactive collision avoidance algorithm, it [21] uses
the notion of safety cylinders figure 3.10 to ensure a safe trip.

It is classified as reactive approach due to the act depending on the situation
that means there is no plan before and due the high efficiency in the avoidance
maneuver. Although deliberative approaches are based on a plan search before
acting but they exhibit a high performance in tasks, their reaction speed is low,
and the deliberative approaches cannot effectively adapt to environmental changes.

• Collision cylinder: this cylinder encapsulates each aircraft, this cylinder
is used to detect if a collision was produced or not.

• Reserved cylinder: encapsulates the previous cylinder, and it is used to
check for xy-conflicts.

• Blocking cylinder: This cylinder surrounds all previous cylinders, and it
is used to check for z-conflicts.

Figure 3.10: 3D SWAP different collision avoidance cylinders
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Cylindrical Obstacle Diagram (Cylindrical Obstacle Diagram (COD)) is a data
structure used by 3D Swap for cylindrical representation of the obstacles in the
close surroundings of the UAV as shown in Figure 3.11.

In this environment ,by establishing distinct cylinders surrounding each UAV,
vehicles can identify two forms of conflicts:

• Xy-conflicts: If an xy-conflict is identified, an avoidance direction ϕavoidance

is determined using the obstacle straight direction ϕcollision, 3D swap prevents
UAVs from going toward (ϕcollision − π

2
, ϕcollision +

π
2
) directions.

• Z-conflicts: If the aircraft has identified a z-conflict, the UAV’s altitude is
blocked only moving horizontally toward the goal is allowed.

Figure 3.11: 3D SWAP Cylindrical Obstacle Diagram

3.5 Conclusion

This chapter presented and concluded most of the basics relating to collision avoid-
ance systems, the different avoidance methods used and their limits. In the next
chapter, we will extract a new method based on the points noted in chapter 2
respecting the general collision avoidance approach structure.
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CHAPTER 4

COLLISION AVOIDANCE:
OPTIMIZED VELOCITY OBSTACLE

(OVO)

4.1 Introduction

In order to overcome some of the shortcomings of other techniques, we tried to
extract a new collision avoidance technique that treats some of the limits discussed
in chapter 3. Thus, after discussing briefly these limits, we present our technique,
the simulation concept and the results. Then, we compare the obtained results
with those obtained with other techniques.

4.2 Collision avoidance methods : discussion

After analyzing techniques presented in the previous chapter, we highlight the
following points :

■ Velocity Obstacles and Collision Cone : Although these methods are
low computational costs but, they can generally fail in case of dense network
(swarm of UAVs).

■ Selective Algorithm : This algorithm is designed for a set of vehicles that
can move towards any direction immediately such as quad rotor UAVs.

■ A* algorithm : The high computational requirement for this method is
the major limit due to the large number of future projections.
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4.3 Optimized Velocity Obstacle: our approach

Our approach is an enhancement of 3D Swap and velocity obstacle method where
we:

■ Reduce the prohibited angles by introducing future positions of UAVs.

■ Determine the optimal path by adding a cost function.

■ Introduce a mechanism of exchanging future position.

■ Develop for this context a basic simulator that can be used for other purposes.

To formulate our approach, we divided our collision avoidance system into three
main steps which are Sensing; Detecting; and Avoiding collision as illustrated in
figure 4.1.

Figure 4.1: Main steps of our avoidance method

4.3.1 Optimized Velocity Obstacle phases

4.3.1.1 Sensing : Gathering Current State Parameters

This phase is considered as the most important in our CAS approach. In order to
make our collision avoidance method efficient, a set of parameters is required for
each UAV to run the protocol.
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4.3.1.2 Sensing : Communication and exchanging data :

When UAVs are entering the influence zone of each other. Each UAV calculates
its future position and send it to other UAVs. This operation can significantly
help to reduce the processing costs and enhances the performance compared to a*
algorithm projection approach for example.

The future position can be obtained using the following equation (4.1):

FuturePos(x,y) =

{
future(x) = current(x) + velocity ∗ time ∗ cos(angle)
future(y) = current(y) + velocity ∗ time ∗ sin(angle)

(4.1)
Where velocity represents the UAV speed, time (∆t) is a parameter mutually
defined in a swarm which represents projection into the future, angle is the current
direction angle of the UAV. Figure 4.2 illustrates a case where two UAVs are
entering the influence zone of each other and then share their future positions.

Figure 4.2: Influence zone and exchanged messages in our approach

4.3.1.3 Detection: Projection

After gathering neighbouring UAVs future positions. Projection is needed to pre-
dict future collisions and generate alerts in case of hazards.

– We notice that for ∆t > maneuver_time the system accuracy is high. But,
in case of the opposite we note that drones perform avoidance maneuvers
relatively closer to the obstacle as the figure 4.3 illustrates.
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Figure 4.3: UAV-UAV conflict detection with future projection

Conflict detection

– In order to detect if a collision will happen in the future, we need to check
if the future position of the other UAVs (obstacles) collide with our position
in the future (all possible paths after n* ∆t) using the following equation.

Conflict =

{
1, if distance(obs,uav) ≤ radius(uav) + radius(obstacle) + safe_distance

0, otherwise
(4.2)

Optimized Velocity Obstacle : Key idea

Our idea of optimization is adapted from the velocity obstacle method, where
instead of avoiding a large set of velocities which is impossible and costly
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as discussed before in chapter 3. Optimized Velocity Obstacle method is
a communication based solution in which it allows to each UAV to send
its future positions to its neighbours. Thus, it uses the received data and
only the future colliding paths will be avoided. It’s worth noting that this
idea allows to use an only a small set instead the large one used in velocity
obstacle. Figure 4.4 illustrates the restrictions of OVO compared to VO.

Figure 4.4: Optimized Velocity Obstacle Compared to Velocity Obstacle

4.3.1.4 Avoidance maneuver

This step, is triggered only and if only an alert is sent by the detection unit. All
previously calculated paths are filtered and dead paths are extracted in order to
be avoided. Moreover, avoidance paths that should lead to a safe movement.

Optimized Velocity Obstacle : Path filtering

■ Among all the safe paths, a drone has to determine the optimal avoidance
path which allows it to reach the target. For this, it uses the cost function
defined by:

F = argmin(Pathi ∈ AvoidancePaths|distance(Pathi, Goaluav)) (4.3)
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Optimized Velocity Obstacle : Multiple Obstacles

In the case of multiple obstacles, the avoidance maneuver is calculated and ad-
dressed in a pairwise way as explained in section 3.3.3.2 shows.

The figure 4.5 illustrates our approach steps.

Figure 4.5: UAV-UAV conflict detection with future projection
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4.4 Simulation Concept and Results

4.4.1 Simulation design and description

Our protocol is implemented using Pygame game engine. Pygame consists of video,
sound and graphic modules used for game development based on python language.

The simulation structure is illustrated in the Figure 4.6.

Figure 4.6: The CBCS (Collision Based Communication Simulator) structure
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Input module:

First of all, user should define a set of parameters (see table 4.1) to control the
UAV via the interface presented in the figure 4.8(a). Then defining the positions
of UAVs by the interface presented in the figure 4.8(b).

Figure 4.7: Interface to introduce parameters

Parameter Definition
V_obs Vehicle radius
R_obs Obstacle radius

V_vehicle Initial speed of vehicles
V_obstacle Initial speed of obstacles

Fut_step
Number of angles,

Used for smoother motion
of the agents

Safe_dist Safety distance that needs
to be checked at all times

Stat_Obs The coordinates for each
stationary obstacle

V_points The initial spawn
point for each vehicle

G_points The destination points
for each vehicle

Table 4.1: Simulation Parameters
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Intermediate module:

After entering the simulation parameters into the Graphical User Interface (GUI),
two text files are generated in order to be used as input to the game engine module
as illustrated in figure 4.6.

Pygame module:

Our approach is programmed from scratch then launched. Algorithm 1 illustrates
the main steps executed by the engine.

Algorithm 1: For each UAVi

calculate_my_future_position(velocity,time_step,angle);
if any UAVj is detected in range then

send_to(UAVj)
end
for Pathk(k = 1..n) in all possible paths do

distance← distance(fut_position(UAVi), fut_position(UAVj)) ;
if distance ≤ radius(UAV ) + radius(Obstacle) + safety_distance
then

mark path as dead end path ;
else

add_to_avoidance_paths(Pathi);
end
filter_min_paths(Avoidance_Paths)

end

Simulation module:

From the simulation module we can extract the results of our simulation such as
total distance, time, angular changes, success rate and collision rate.
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4.4.2 Performance evaluation of OVO using CBCS

We evaluate our protocol using the following metrics:

■ Total System Distance: It represents the total distance traveled by UAVs
from their starting points toward their targets while avoiding static and
dynamic obstacles. The total system distance is calculated by the expression:

TotalTripDistance =

Count_of_UAV s∑
i=1

Distance of UAV i (4.4)

■ Total System Time: It represents the total airborne time of the UAVs from
start to end points while avoiding collisions. It can be calculated by the
following equation:

TotalTripT ime =

Count_of_UAV s∑
i=1

Time of each UAV i trip (4.5)

■ Total Angular Changes: It represents the variations on trajectories of all
UAVs while in the air.
It is calculated using the following equation:

TotalAngularchanges =

Count_of_UAV s∑
i=1

Absolute angular change of UAV i

(4.6)
We can check if an angular change has been made using the following equa-
tion:

AngleChange(U1, U2, PA) =


True, if Diff ∗ 180

π
̸= PA

with Diff = atan2(U1.y, U1.x)− atan2(U2.y, U2.x)

False, otherwise
(4.7)

■ Success Rate : The effectiveness of our approach in case of swarm of UAVs
is weighted by the collision rate parameter which is a ratio that intakes the
number of collisions, then we can extract the mission success rate. Using the
following equation:

collision rate =
number of collision

number of obstacles
(4.8)

mission success rate = (1− collision rate) ∗ 100. (4.9)
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Simulation Parameters:

In our simulation, a set of parameters were taken to make the scenarios, the
following table 4.2 represents the parameters values. Concerning units for the
parameters, distances and radius-es are given in pixels, velocity in pixels/system
time, direction angles is the number of angles to be used in path generation.

Parameter Value
Radius of Vehicles 10

Radius of Obstacles 10
Velocity of Vehicles 2

Velocity of Obstacles 1
Direction Angles 50
Safety Distance 30

Time steps 1

Table 4.2: Simulation Parameters Values

Simulation Results

To evaluate our approach, we conducted many simulations using the following
scenario and we variate many parameters.

First Scenario : We tested the performance of our approach in a scenario
with one UAV, where we performed the test multiple times giving fixed start and
end points to the UAV. Each time, we increase the number of random dynamic
obstacles. The following results were obtained for the previously discussed metrics.

Total Trip Distance:

Table 4.3 and figure 4.8 show the results of this scenario.

UAVs/Obstacles 0 1 2 3 4 5
1 UAV Scenario 806.56 855.999 865.11 861.78 868.23 878.11

Table 4.3: Total Trip Distance Values
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Figure 4.8: Total trip distance

Total Angular changes :

Table 4.4 and figure 4.9 show the total angular changes of this scenario.

UAVs/Obstacle 0 1 2 3 4 5
Angular Changes 268 288 279 285 328 311

Table 4.4: Total Angular Changes

Figure 4.9: Total angular changes

Total Trip Time:

Table 4.5 and figure 4.10 show the results of this scenario.
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Figure 4.10: Total trip time

Time/Obstacle 0 1 2 3 4 5
Total Trip Time 6.13 7.08 6.65 6.95 7.15 7.77

Table 4.5: Total trip time

Success Rate:

The figure 4.11 illustrates the performance measuring the avoidance success rate
in a variety of obstacles.

Figure 4.11: Success rate graph
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From figure 4.8 to 4.11 we notice the the distance and time added by avoidance
maneuvers are very small which prove that costs added by the protocol are not
very important. Moreover, the success rate is very high even for a large number
of obstacles in a small area.

Second Scenario:

To show the effectiveness of our approach, we compare it with VO and Potential
Field methods

Comparing OVO to VO: We compare the success rate of OVO and VO by
changing the number of obstacles. Figure 4.12 shows that our approach provides
a better response in avoiding than VO developed in [26]. It illustrates that the
success rate in OVO reach in the best case 78% while VO success rate [26] do not
succeed 47%.

Figure 4.12: Success rate comparison
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Comparing OVO to Potential Field meethods (PF): By comparing
OVO with PF [28, 29], we notice that the total angular changes for UAVs is
optimized using PF approach while it increases using our approach.

The difference here is that the PF approach focuses only on static obstacles
while OVO focuses on both static and dynamic obstacles which is an advantage
compared to PF approach. The figure 4.13 shows a comparison in angular changes
between OVO and PF in presence of a variety number of obstacles.

Figure 4.13: Total angular changes comparison

4.5 Conclusion

In the first part of this chapter, we presented our approach, the simulation envi-
ronment and how we built the OVO from scratch. In the second part, we evaluate
our protocol and discussed the limits of optimized velocity obstacle and compared
it to other existing methods.
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CHAPTER 5

CONCLUSION AND FUTURE
PERSPECTIVES

5.1 Summary of our work

UAV technology has known a revolutionary upgrades in the last decade which
resulted in some sort of mutation in their aspects, functions, application and most
importantly in their hardware. UAVs are generally deployed as a set of swarms
that aim to accomplish a mission rapidly and more effectively which attracted
industrial and academic communities due to their great potential.

In this work, we presented the UAVs and all its different aspects. Then, we
studied and presented the collision avoidance systems and we extracted the limits
of the presented methods. To overcome these limits, we propose a new avoidance
technique based UAVs communications. Finally we analyzed the simulation results
and compared them with those obtained by other approaches.

5.2 Future Perspectives

As a future works, we would like to further improve and decrease total system
distance travelled, add the aspect of energy as a cost function to find a maneuver,
try to increase the success rate and add a new z-plane to our solution since it works
on 2D environments only.
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