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1. Executive Summary

Here is the scenario: an earthquake has occurred in Turkey. Network is down, some people need to be
evacuated and some others need network access. To help these people, a swarm of UAV is called.
The swarm has to go quickly to the damaged city and deploy itself as quick as possible in the hardly
accessible area.

UAVs have lot of advantages that make them useful for our problem. They are quickly deployable,
have low energy consumption (compared to other flying vehicles) and can access to damaged areas.

The goal  is to develop generic and optimized algorithms for  an UAV swarm in  order  to help the
greatest number of people by transporting the injured ones to the hospitals and give to the others
network access.

The first key point is genericity: algorithms have to work with a finite number of UAVs, so they have to
be generic. The second key point is optimization. During scenarios, UAVs are constrained to multiple
disturbances and limitations. We have to consider all the limitations and constrains to optimize as well
as possible our algorithms. For example, we have to avoid obstacles and non-flight zones, spare the
fuel, handle telecommunication’s range, noises and so on.

First  of  all,  we are going to  introduce our  project  management.  Then we will  talk about the task
requirements. At the end, we will explain the design of the solution with references.
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2. Project Management

We are a two-member team. The team leader is Reyyan Tekin, MSc student in computer science for
embedded systems at Paul Sabatier University in Toulouse, France. The second member is Kadir
Tekin,  fourth  year  student  at  Polytech’Lille,  Lille  University  Graduate  School  of  Engineers.  He  is
studying Computer Science and Electronic Engineering applied to embedded systems.

After talking about our team, let us explain the way we are going to develop the code.

First of all, we are using a Gitlab repository, which allows us to work remotely in several computers.

We are implementing algorithms step by step, by incrementing the functionalities one by one. So, we
are developing one functionality, then we are testing it, and seeing what happen in limit cases. Once
it’s done, we move to the next functionalities. As experimented developers, we know that testing code
we are producing is very important. All the code is being written in Python as explained in the Readme
provided by Teknofest.

Team leader organizes the project and fixes the deadlines. When it comes to work, there is no leader,
we work together, by helping each other. We also like to debate our point of view. All the work is done
by the both of us.

For the end of June, we intend to end most of the core functionalities in order to show them in a video.
We  will  finish  all  the  project  for  the  end  of  August  and  submit  it  with  the  rapport  for  the  final
submissions. Then, we will correct small errors and tweak the details until Teknofest.
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3. Task Requirements

In this section we are going to expose the requirements. We can divide the tasks into 3 parts: arrival to
the Duty Zone, autonomous flight, and back home.

3.1. Arrival to the Duty Zone

The first thing we have to do is going to the damaged city by following an UAV guide. In order to
perform it, we have to:

- do the desired pattern formation (arrow or cube) as soon as UAVs take off

- hold the formation pattern whatever the noise, and disturbances

- change the pattern as soon as possible when we get the signal

- avoid collisions between UAVs

3.2. Autonomous flight

When we arrive to the duty zone, we have to switch to an autonomous mode. The area is bounded. All
the  tasks  performed  by  the  swarm  need  to  be  fully  autonomous,  without  any  ground  station
intervention. We have two missions to carry out autonomously:

3.2.1. Network deployment

To help people who need network access, we have to:

- maximize the covered area

- give network access as most as possible to the finite number of people, by staying at the right
altitude

- continue to give it until the time limit is reached

3.2.2. Medical evacuation

To help the injured people, UAVs have to:

- detect them in an optimal way with the camera at the right altitude

- extract them to the nearest hospital one by one

- stay at a certain altitude during a certain time, in order to take a people and drop him in a hospital

-  inquiry the targeted hospital in  order to know if  there is any place available,  because hospitals’
capacity is limited

People can only need medical support or network access. No one need the both ones. The number of
people for each category is finite and defined at the beginning of the scenario.

3.3. Back home

UAVs have to return to their base before fuel run out.
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3.4. Restrictions

By doing autonomous tasks, our swarm is restrained to certain limitations we have to pay attention.
So, we have to care about:

- restricted zones

- UAVs’ fuel reserve

- obstacles & collisions

- the noises of GPS, cameras and telecommunications
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4. Design Solution

Developing  optimized  swarm  algorithms  is  a  very  vast  research  field,  which  involved  several
engineering sciences subjects from automation to signal processing, including computer science, and
electronics. In automation, we can found interesting things in [ROS17], [SAM16], [TAH19], [GOR13]. In
[GAZ11] we have learned a lot about swarm implementation. Signal processing, electronics, computer
science, all these subjects have been covered in Gazi’s book. In a more precise way, let us take about
optimization and generic algorithms on UAVs swarm.

According to Brambilla et al. in [BRA16], there are many ways to implement the behavior of UAVs.
Here  we  have  chosen  the  “Behavior-based  design”  method.  In  fact,  according  to  the  Technical
Specification Document, code must be the same in each UAVs. We will therefore design one code,
which  will  be  executed  in  each  UAVs.  This  method  match  with  the following  sentence  written  in
[BRA16] “In swarm robotics, the most commonly used design method involves developing, by hand,
the individual behaviors of the robots which results in the collective behavior of the swarm."

Secondly, we have found different methods to analyze UAVs’ behavior in [BRA16]. During the project,
we are using a ROS-Gazebo simulation to  look at  the behavior  of  each one over  time.  We can
therefore adopt the microscopic models. We could then go further when the system is mature with the
"Real-robot analysis" method.

Then,  for  the group  behavior,  an “aggregation”  is  necessary  if  we  want  the  UAVs to  be  able  to
communicate with each other. A chain formation allows us to cover larger areas by linking each UAVs
with a predecessor and a successor. A similar method (foraging)  is explained by Bay ındır in [BAY16].

However, the range of the camera and telecommunications does not allow us to do it. Indeed, their
ranges are limited, and have a circle form. When we arrive in the destroyed area, we are going to
behave like an aggregation. Bayındır bring in his paper more information about group behavior. During

the flight to the duty zone, a flocking could be suitable. In this method, UAVs have to know the position
of each other. This position will allow us to implement the pattern formation and avoid collision.

In [BRA16] we have learned 2 ways to navigate the map. With a collective exploration, UAVs are all
over the map and each explores a part of it. With a coordinated motion, UAVs remain in group, these
allows us to analyze a large area at the same time, as if we had "a big camera". However, to use it we
have  to  develop  strong  and  fast  obstacle  avoidance  algorithms.  Chung  and  Ashraf  propose
respectively in [CHU18] and [ASH20] such algorithms. There are also many related works we can find
in the literature.

At the beginning of the scenario, when UAVs deploy themselves, a direct communication method can
be used, in order to have a direct robot-to-robot communication. Indeed, each UAV have to know the
positions of each one.

For collective decision, we have the choice between a consensus and a task allocation. We opt for the
task allocation method, because a consensus is difficult to obtain. According to [BRA16], the goal of
task allocation is “to maximize the performance of the system by letting the robots dynamically choose
which task to perform".  An UAV could choose between network deployment or bringing people to
hospitals for example. We can also think of another way of doing things, a certain part of the UAVs can
carry out a task when the other part takes care of another mission. In [BAY16], task allocation is
divided in labor : "dynamically change the task executed by each robot based on local perception of
the environment". Therefore, each UAV covers an area by helping the injured people or by deploying
network. According to the Technical Specification Document, no UAV can do both.

To  end up with  [BRA16],  choices we have made seem to  match  with  a  "probabilistic  finite  state
machines" (PSFM). Cesare et al. in [CES15] explain a bit more these algorithms. According to them,
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there are four states: explore, meet, sacrifice, and relay. If an UAV is in a “meet” state, it will go to the
last known location of communication to share data. If it is in a “sacrifice” state, it will go as far as
possible without fuel consumption optimization.  If it is in a “relay” state, it will stay at a same point until
a meeting with another one occurs. To finish, if an UAV is in a “explore” state, it will explore the map by
using a frontier-based exploration algorithm. Cesare et al.’s method improves the covered area, but
the sacrifice  state  is  a  problem for  us,  because our  UAVs have to  go back to  the base,  without
crashing because of a lack of fuel. It is an important point explained in the Technical Specification
Document.

Alfeo et al. propose also in [ALF18] a state machine and its software implementation. We can found in
there an effective way to design swarm behavior with imperfect sensors.

Let’s  talk  about  the covered area,   In  [ASI19],  Aşık  tells  us the importance of   covered area for
targeting missions. To optimize the covered area, we can look at Sánchez-García‘s work in [SAN19].
PSO algorithm seems to be good enough for our use case. More details can be found in [LEE18]. We
can also learn interesting things in [WAL14]. Indeed, Planner for Autonomous Risk-Sensitive Coverage
(PARCOV) algorithm could help us.

According the Technical Specification Document, noise can appear in the telecommunications or in the
sight  of  the  camera.  Asadpour  and  Campion,  respectively  in  [ASA16]  and  [CAM18],  propose
algorithms to maintain communication between UAVs, even if when there is noise.

To finish the design solution, in [KAR16] and [KAD19], there are examples about full implementation of
swarm of UAVs in real life, which can give us ideas and a global view of a swarm.
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