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PREFACE
This report is about my work in the project Wild Robots at the 

Faculty of Industrial Design at the University of Technology in 
Eindhoven. Next Nature, the theme in which the project existed, 
anticipated on “the rise of a new breed of ‘wild robots’: robots 
that autonomously populate and operate within open ended 
ecosystems.” [project descriptions Next Nature 2012-2013 – Q1 & 
Q2]. The project was inspired by Protei, an organisation which is 
part of Open_Sailing, a growing international community with the 
goal of developing open-source technologies to explore, study, 
and preserve oceans. Protei has set its goals on the development 
of small autonomous sailing drones for cleaning up oil spills, as 
an alternative to the larger manned boats that are now used. For 
more information, one should visit  
http://www.protei.org.

The project description offered a few design challenges and 
research  questions, of which the following part I decided to focus 
on within my project:

“The essence of Protei is that it will be a swarm, only functional 
in large quantities. But we know how difficult it is to navigate even 
on a manned boat. How do we test the swarm without risking 
more expensive prototypes. How can we simulate the behavior of 
the swarm as realisticly as possible?” [project descriptions Next 
Nature]

I would like to thank my coach dr.ir. E.I. Barakova, for guiding 
the process during this project. I would also like to thank ir. M.L.M. 
Huiberts for advise on some of the more electrotechnical aspects 
of my prototype, as well as his knowledge on Global Positioning 
Systems.
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ABSTRACT
This reports starts by presenting the orientations that led me 

to developing a prototype for testing swarm behaviour. This is 
followed by some research and experiments I did in order to 
find the most suitable system or method for navigation at swarm 
level. The report then shows how I made a decision for the most 
suitable method and how I started creating a system based on this 
method. Subsequently, the development of a prototype with the 
purpose of testing this system is described, including the results of 
the tests that were conducted. To create a broader scope within 
the project, I also made a conceptual model for swarm behaviour, 
which is described in the last chapter. The reports concludes by 
viewing the results and findings of this project in the light of the 
open source community of Protei.
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EXPLORATION: DRONE DESIGN
At the beginning of this project, I tried to find an activity to kick 

start the process. My personal experience is that a brief making 
activity at the beginning of a project is a very effective way to get a 
creative process started. Hence, I decided to do an exploration on 
the design of the Protei drone.

Protei itself already has quite some elaborate ideas on the 
design of the drone. They seem to have a preference for a drone 
with  an entirely shape-shifting hull. Yet, there appear to be quite 
some problems regarding the stability of the drone; “Protei_006’s 
body is nearly cylindrical and very unstable.” [Protei Handbook 
v.2011 09 02, p.32, Harada et al.]

Biomimicry seemed like a good source inspiration for an 
alternative design for the drone. More specifically, I tried to get 
inspiration from animals living on the water surface. After some 
research I found that one of the few common animals that spend 
the main part of their lives on the water surface is the family of 
Gerridae, better known as water striders.

Inspired by this rather peculiar insect, I started making a small 
ship with four legs and a sail. I tested this prototype a couple 
of times with two different sizes of sails and legs with varying 
degrees of resilience. The aim of the tests was to find the influence 
of these two factors on the stability of the ship. As expected, a 
higher and narrower sail resulted on more instability and oftener 
capsizes  than a lower and broader sail. Legs with a high degree 
of resilience (two plastic tubes with iron wire inside), appeared 
to have a positive effect on the stability (less rocking), but did 
somehow result in oftener capsizes than occurred with more 
sturdy legs (made of solid wooden sticks). Find a compilation of 
footage of the tests here: https://vimeo.com/57441782. 

Despite the fact that the prototype has a somewhat similar 
shape, an actual water strider is much more successful in 
balancing itself on the water surface than this prototype. Because 
of it’s very small size, the water strider does not break the surface 
tension of the water with its legs. Ship inspired by water strider

Water Strider (Photo licensed under Creative Commons)
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ORIENTATION: INFORMATION FLOW
To follow up the brief exploration at the start of the process, 

it seemed right to do an orientation on Protei from a broader 
perspective. One of the aspects that seem very essential for the 
functioning of Protei is the information infrastructure. A working 
system behind a swarm of autonomous sailing drones that clean 
oil spills at targeted areas, would require a flow of information at 
different levels.

The sketch to the right is model that describes how the flow 
of information could work in a system of Protei. The driving force 
behind Protei would be voluntary contributors. To make it possible 
for any person interested to help Protei, and not only for those with 
a lot of technological knowledge and interests, some tools have 
to be developed. Firstly, special DIY kits have to be developed 
so people can build their Protei drones. These drones can then 
be equipped with separately available modules that make them 
perform a specific task. The module and the drone should be 
easy to connect via a standardized cable or other medium. Both 
the module and the drone will need to have software uploaded to 
them and there should also be possibilities for updated software. 
For this purpose, it would be good to have special Protei software 
downloadable from the Protei website. This software should make 
it possible to upload the necessary software to a drone or module 
from a computer.All drones within a certain area should be able 
to communicate useful information (such as alerts) and decide 
their positions relative to each other, forming a swarm. Within a 
swarm, at least one of the drones should be equipped with a GPS 
module. The main reason for this is to decide the absolute position 
of the swarm, but if possible, it should also receive commands 
from a satellite and send information about the status of the 
swarm and the task being performed. Each contributor should 
be able to monitor the status of all Protei swarms on the Protei 
website. On this website, contributors with a certain status or rank 
should be able to send commands to existing swarms via satellite 
connection. 
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ORIENTATION: COMMUNICATION & POSITIONING AMONGST DRONES
As already mentioned in the preface of this report, I interpreted 

this part of the project description as being the most interesting 
and valuable within the project context: “The essence of Protei is 
that it will be a swarm, only functional in large quantities. But we 
know how difficult it is to navigate even on a manned boat. How 
do we test the swarm without risking more expensive prototypes. 
How can we simulate the behaviour of the swarm as realisticly as 
possible?”. [project descriptions Next Nature 2012-2013 – Q1 & Q2].

To me, the concept of swarm behaviour seemed the essence of 
this project. Yet, when looking at previous reports on this project, I 
was surprised to see that the swarm behaviour had not yet been 
anyone’s focus while working on this project.

Similarly, within Protei itself, the focus seems to be mainly on the 
development of the individual drone. In the field of swarm robotics 
however, there is the principle that the individual is subordinate 
to the whole. The individual follows a set of very simple rules, but 
these simply programmed individuals are able to perform very 
complex tasks as a part of something bigger (the swarm). A group 
of simple inexpensive robots is, according to those in favour of 
swarm robotics, much more suitable for completing a certain 
task than one very advanced individual robot. If one robot of the 
swarm becomes dysfunctional, the swarm will quite likely still be 
operative. Also, the loss of an individual drone will be less of a 
problem; the individual robots were not expensive and are easily 
replaceable. With this in mind, it became clear to me that within 
the project, it was of most interest to develop the best swarm 
behaviour, rather than developing the best individual drone.

Looking back at the information flow made during the previous 
orientation, the most essential part to establish swarm behaviour 
seems to be the communication and positioning amongst drones 
in order to navigate them as a swarm. The important question that 

had to be solved here, can be formulated as: “How can the drones 
communicate their positions relative to each other?”.

To solve this matter, a drone should be able to decide its 
position (relative to other drones) and communicate it to the rest of 
the swarm. I tried to gather different ideas on how to achieve this 
by discussing with the other students working on this project. Two 
ways that seemed to be generally accepted as the most suitable 
were:

- Using triangulation of the RSSI (received signal strength 
indicator) of other drones to determine their positions.

- Using GPS to determine the absolute position of a drone 
and communicating this position to the other drones through  a 
wireless communication system such as Bluetooth or XBee.

I decided to do some research on the feasibility of these 
methods when used in a setting with autonomous sailing drones.

To start with the first method, RSSI is a measurement of the 
power present in a received radio signal. This power tends to 
decrease as the source transmitting the signal is further away. 
Hence, it could be an indicator for distance. Triangulation is 
a method of determining the position of a point (D) using the 
distance (x) of D to at least 3 other  points (A, B, C...). This only 
works if points A, B and C are fixed reference points (if their 
absolute coordinates are known). 

Imagining that points A, B, C and D are drones and x is the RSSI 
of drone D to the other three, it became clear to me that as drones 
will be floating on the water surface, it is impossible to have fixed 
reference points.

When using triangulation without at least three fixed reference 
points, there would be no sense of orientation or direction for the 
position that is found, as illustrated in the figure on the next page.
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In the figure, each point represents a drone. In both situations, 
the distances between D and the other points are the same. 
Imagine a situation where drone D would have to move towards 
Drone B. In situation 1, drone D would have to move to the left. 
While in situation 2, the drone would have to move to the right. 
This proves the absence of orientation in a position derived from 
triangulation without fixed reference points. Had points A, B and C 
been fixed, then only one of the situations could have been true, 
and a compass module could be used to ensure for a sense of 
direction.

Concluding, triangulation of the RSSI does not seem like a very 
suitable method for navigation of a swarm of sailing drones.

The other method, using GPS to determine the absolute position 
of a drone and communicating this position to the other drones, 
seemed more feasible. The most important factor here is the 
resolution of available (and affordable) GPS. The resolution of 
GPS is the dimensions of the area a particular unit can precisely 
determine itself to be in. The resolution will play an important role 
because in order to prevent collisions in a swarm, the size of a 

drone should not be smaller than the resolution of the GPS unit.
The resolution of a GPS unit seems to be highly cohesive with 

the price that has to be paid for it. Although GPS technology is 
improving and prices are dropping with time, consultation of ir. 
M.L.M. Huiberts, who is a Senior Hardware Engineer at navigation 
system company TomTom, made me learn that standard GPS 
units used in current devices have a resolution of around 5m. 
Furthermore, the precision of GPS readings is highly influenced by 
weather conditions, which does not make it a constantly reliable 
source of positioning information.

All in all, GPS technology does not seem like a very suitable 
method for navigating a swarm of sailing drones, especially in 
the phase of testing the swarm behaviour. GPS will not work 
well inside a building, ruling out the possibilities of testing in a 
controlled environment. Also, as the project description suggests, 
it is important to “test the swarm without risking more expensive 
prototypes”. Using current GPS technology will either require 
expensive GPS units with high resolution or unpractical large 
drones to compensate for the limited resolution.

After both these methods seemed unsuitable, it appeared to 
me that perhaps solving the problem of navigating a swarm of 
autonomous sailing drones required a not yet existing solution. 
Hence, I spent the next part of the process working out two 
alternative systems for swarm navigation.

A A

B B

C C

D D

Situation 1 Situation 2
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SWARM NAVIGATION: UNDERWATER ELECTROCOMMUNICATION
Before looking further into methods to navigate a swarm of 

autonomous sailing drones, it was necessary to decide on some 
requirements that a group of sailing drones should meet for them 
to actually be considered an autonomous swarm. It seemed 
logical to decide on these requirements in analogy to how swarms 
work in nature. Generally, these two rules apply to swarms:

- A swarm never has a leading entity, nor is it controlled by 
one single mind. A swarm is made up by the actions of individual 
minds that act upon each other.

- The individual entities within a swarm only react upon their 
direct environment (their close neighbours).

Concluding from these rules, the system that navigates the 
swarm should not control all drones from one single system; the 
intelligence should be spread. Also, the positioning of drones 
should not be decided on at an absolute level. Rather, the drones 
should be able to sense their direct environment.

Inspired by a species of fish called Mormyridae that have 
electric organs which they use to sense their direct environment 
(called electrolocation) or communicate with other fish (called 
electrocommunication) [http://en.wikipedia.org/wiki/Mormyridae], 
I decided to do some research on the possibilities of using 
electrical pulses underwater to facilitate swarm navigation. The 
main idea here was to make drones communicate wirelessly by 
sending pulses of electricity through the sea water. The range of 
these pulses should be quite far because of the conductivity of sea 
water. An assumption I made was that as the distance between 
the point of sending and receiving the pulse was greater, the 
voltage at the receiving side would be lower due to the higher 
resistance of the water inbetween.

A problem that arises with this idea however, is that in order to 
make an electrical current flow, there needs to be a closed circuit. 
Just like it is not possible to get a current flowing by connecting the 
positive pole of a battery to the negative of another, it is impossible 
to get a current flowing by simply having a 5v output of one power 

source and the ground or negative 
terminal of another in an amount of 
salted water.

Yet, it is possible to create electrical 
discharges to neutral charged 
bodies (such as water) by using a 
piezoelectric igniter. Piezoelectric 
igniters can for instance be found in 
the average electric igniter for gas 
stoves. I did some tests with an igniter 
that had the front cap removed from 
it (see image), so the spark wire 

could make direct contact. By putting the spark wire of the igniter 
in some salted water together with a wire that was connected to 
an analog input of an Arduino board, it was possible to sense the 
electrical pulse from the igniter at considerable distances.

My idea was to put four different wires from four different analog 
inputs in the water in a cross shape, so that one of the four inputs 
would always be closest to the source of the electrical pulse. The 
sensor closest to the igniter would read the highest voltage, and 
in this way distance and direction could be derived while sending 
messages through electric pulses.

A good idea in theory, but in practise it appeared that the 
distance I wanted to have between the four analog inputs (about 
15cm), was too short to get enough variation in the readings of the 
inputs to decide from which direction the electrical pulse was sent.

Although this particular method was not very successful, the 
principle of directional communication seemed very useful. When 
using a method where the direction and distance from which 
information is sent can be determined, the communication system 
also plays the role of a relative positioning system. Consequently, 
there is no need to have separate units for positioning and 
communication, reducing the costs of the drone.
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SWARM NAVIGATION: DIRECTIONAL COMMUNICATION WITH INFRARED & SOUND
After gaining the insight that directional communication could 

be a very useful principle in a system for swarm navigation, I tried 
to use it as a starting point in my next attempt to develop a system 
for swarm navigation.

A directional communication system suitable for swarm 
navigation should be capable of doing the following:

- Send and receive messages wirelessly.
- Decide the direction from which a message came.
- Decide the distance from which a message came.
I first had to decide on a medium that could be used to 

wirelessly transfer information with. Keeping in mind that my 
goal was to create an inexpensive prototype for testing swarm 
behaviour, I decided not to focus too much on the range or 
precision of the medium. Infrared light seemed like a very suitable 
medium for the application. Infrared is the medium used in remote 
controls for television. In order to prevent interference from other 
natural infrared sources, infrared LED’s in remote controls are 
modulated on and off at a frequency of 38 kHz. The receivers only 
receive signals from infrared modulated at that frequency. Both the 
receivers and LED’s needed cost virtually nothing.

Infrared seemed useful for directional communication because, 
since infrared is a form of light, it requires line of sight to reach 
a receiver. This means that it could be possible to shield an IR 

receiver in such a way 
that it only receives 
signals from IR LED’s 
that shine right towards 
it. In a test I was able to 
successfully distinguish 
four different directions 
with four shielded IR 
receivers 
(see image).

With the aspect of directional communication covered, there 
was still no possibility to determine the distance from which the 
signal was sent. A way to achieve this would be by sending a 
sound signal underwater, simultaneously with an IR signal. Sound 
propagates very well in water with a speed of about 1500 m/s. The 
Infrared signal however, travels at the speed of light; 299,792,458 
m/s. If a pulse of IR and sound signal are sent at the same time, 
there will be a difference in the time between receiving the two 
signals. Because the IR signal will travel at the speed of light, it 
will be picked up by the receiver without measurable delay. The 
sound signal will arrive at least a few microseconds later. From the 
difference in time of arrival of the two signals, the distance to the 
source can be determined.

To make this idea more understandable, I created an animation 
that clearly explains how a system using directional infrared and 
sound would work, The animation can be found here: 
https://vimeo.com/49677400. Please note that at the time of 
creating this animation, I was still expecting to use infrared signals 
underwater. This seemed not such a good idea afterwards, 
because the permeability of infrared light water is very limited.

After having worked out the concept quite extensively, I started 
actually making it into a tangible, working system. I did however 
have to change one aspect of the concept; it seemed a bit limiting 
to have just four distinguishable directions. More preferably, the 
sensors would be constantly rotating, similar to how radar works. 
For this purpose I decided to use a 180° servo motor. By having 
this servo motor continuously rotating back and forth with two 
sensors facing in opposite directions, a full 360° would be reached.

To make this system, I started with a wooden block that was 
made hollow in order to make space for the wires that connect 
to the two sensors. The constant rotational movement would 
otherwise create too much strain on the wires, which could 
break the soldering connections. For the purpose of shielding 
the sensors, a dish-shaped object would be most suitable. 
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Furthermore, the object had to be black, in order for it to absorb 
the infrared light rather than reflect it. In stead of spending a lot of 
time trying to create such an object myself, I decided to use the 
“cup” part of a soup spoon.

After gluing the remains of the spoons to the hollow piece of 
wood, drilling holes for the sensors and wires and attaching the 
whole to a servo motor, everything could be connected to an 
Arduino board. This allowed for some first tests of the system. The 
first tests looked very promising, despite the fact that the system 
detected the presence of an IR source at an angle of around 50°. 
This meant that if for example an IR source was situated at 45° 
with respect to the system, it would start detecting it at 20° and 
stop at 70°. The actual position can of course easily be derived by 
averaging these two values, but this required more programming 
than I had initially expected. Hence, the next chapter is entirely 
dedicated to the programming of the system.

The schematic for the system can be found in the appendices. 
Please note that the schematic as shown in the appendix 
represents the system as it was used in the prototype I made 
within this project. A prototype with the purpose of being tested in 
an actual swarm with more units, would also include an IR LED in 
order to send signals.

The unexpected usefulness of soup spoons

First tests of the system
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PROGRAMMING THE DIRECTIONAL COMMUNICATION SYSTEM
The system as explained in the previous chapter should be able 

to determine from which direction it received IR signals, and save 
this direction as a variable. This variable can then be used as input 
for a prototype drone. Basing this variable on sensor input did not 
seem very difficult at first sight. 

The servo motor positions itself according to a variable (in 
degrees), from now on referred to as pos. The variable pos will 
be constantly increasing from 0° to 180°, and then back again, all 
in whole steps. As a result of this, the servo will have a constant 
sweeping motion. 

Two other Boolean variables, sensorFront and sensorBack, 
are true when respectively the front and back sensor detect an 
IR signal. In other cases these variables are false. The variable in 
which the direction of a received signal will be written, is called 
Direction. The variable Direction can be easily be constructed as 
follows: 

 
 
 
 
 
 
 
 
 
 

This way, the two sensors cover a full 360° range. The front sensor 
detects signals from 0° to 180° and the back sensor from 180° to 
360°.

However, there is still the problem that the system detects the 
source of a signal at an angle of about 50°, as described in the 
previous chapter. To solve this, there should be one variable for the 
position in which the sensor first started sensing a signal source, 
and one for the position in which the sensor stopped sensing. 

In the case of the front sensor, these two variables are called 
startPosFront and endPosFront. When the front sensor starts 
sensing, the variable startPosFront will get the current value of the 
variable pos. When the sensor stopped sensing, endPosFront will 
get the value of pos at that moment. After the starting and ending 
directions are known, the variable Direction can be constructed as 
follows:

With that problem solved, it was time for another round of 
testing. Quickly another problem showed up; it seemed that 
very short interruptions occurred in the received signal. These 
interruptions almost exclusively existed at the beginning or end 
of sensing an IR source. Nevertheless, they caused a lot of false 
values of the Direction variable. To solve this, a threshold had to 
be built in; the Direction variable should only be constructed when 
the difference between the startPos and endPos values is greater 
than 40°. This made sure that the startPos and endPos values 
that resulted from the interruptions, did not create false values of 
Direction anymore.

By now, the directional communication system was completely 
functional. Because there was limited time left in the project, I 
decided not to work out the part of the system using underwater 
sound anymore.
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PROTOTYPE DRONE
In order to test the system in practise, it seemed most logical 

to develop a prototype drone. My aim was to actually make this 
prototype sail in a controlled water environment. To achieve this, 
the prototype had to meet the following demands:

- Being able to stay floating without capsizing.
- Being able to sail motorised.
- Being able to use a rudder to sail towards the directions as 

received by the system.
The main concern in the development of the prototype was 

how to make it motor propelled. An underwater motor with 
propeller is not something that is easily made individually and 
small scale units did not seem widely available. Luckily, I was in 
the possession of a small underwater motor for Playmobil boats. 
This motor was powered by a 1.5V battery and could be turned on 
and off manually. In order for the motor to become controllable by 
an Arduino board, it had to be included in a circuit with a separate 
battery and a transistor. This however required the motor to be 
opened so the battery contacts could be soldered on. As  a result, 
the motor was not waterproof anymore. I solved this by wrapping 
a balloon around the motor and the wires attached to it. 

A servo motor at the back of the boat had a rudder attached to it 
so the prototype could be steered in the direction as received from 
the communication system.

To prevent the boat from being top-heavy as a result of the 
system on top of it, I attached a large metal main rudder to the 
bottom of the boat.

During the first “dry” tests of the prototype, it appeared that the 
electromagnetic field generated by the Playmobil motor disrupted 
the rudder servo so badly that it could not precisely position itself 
based on the direction variable of the system. This problem was 
solved by ir. M.L.M. Huiberts, who suggested placing a capacitor 
parallel to the motor. This somehow reduced the electromagnetic 
field enough to prevent the disruption of the servo.

Circuit with motor, battery and 
transistor.

Servo for rudder Finished prototype

Balloon around motor



15

IR Recievers

Servo for communication 
system

9V battery for Arduino

Arduino
Counterweight

Motor

Rudder

1.5V Battery 
for motor

Transistor



16

FUNCTIONALITY TEST
With the prototype finished and functional, it was time to do a 

test on how well the prototype and the directional communication 
system worked together in the environment they were designed 
for; water. For this test, I placed the prototype in a large water-filled 
trough that was normally used for horses to drink out of.

During the test, I made the prototype sail towards a hand-held 
IR source. Because the prototype was not able to determine the 
distance to this IR source, I programmed the prototype to make 
the motor turn for 3800 milliseconds after it detected an IR signal. 
The aim of this test was to see how precisely the prototype could 
sail towards the source of the IR signal, using the information of 
the communication system. A video of the test can be found here: 
https://vimeo.com/56043937. 

During the test, the prototype sailed surprisingly precise towards 
the direction of the IR source. Furthermore, the prototype seemed 
very stable; neither sharp turns nor the occasional bump against 
the wall of the trough made the prototype capsize. A major 
disappointment in the test was the range needed for the prototype 
to detect the IR source. During the test, this range seemed to be 
somewhere between 1 to 1.5 meter. In earlier tests in the project, 
where I used just the IR receiver and an IR LED, I got ranges up to 
6 meter. I expect the disappointing range to be a side effect of the 
threshold that I programmed to filter out the interruptions in the 
received signal. It could well be that the further away the IR source 
is, the more interruptions occur. A solution to this could be using 
brighter IR LED’s.

The test has proven the functionality of the prototype. If more of 
these prototype were to be developed, they would be a very useful 
tool in simulating and testing swarm behaviour.

Testing environment for the prototype

The prototype during the test
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A MODEL FOR SWARM BEHAVIOUR
Until now, all presented work has been on individual drone level. 

In order to create a broader scope within the project, I decided to 
also work out a conceptual model for swarm behaviour on swarm 
level. I tried to seek for a source of inspiration in nature.

The anticipated task for a swarm of Protei drones is to find and 
collect oil. I could not help but notice the parallel between this and 
the foraging behaviour of a swarm of bees. Furthermore, the oil 
collected by the sailing drones has something in common with the 
nectar collected by bees; it could be used as a source of energy. 
Perhaps, developing the best model of swarm behaviour for Protei 
lies in translating the way bees find, collect and use the nectar to 
how Protei drones should find, collect and use the oil from spills.

The foraging behaviour of bees can roughly be divided into 
three steps:

(1) Bees start scouting an area for nectar. This is not only limited 
to scout bees. A bee that is busy foraging, can also coincidentally 
find a new food source,

(2) If a valuable food source is found, the bee will return to the 
hive and communicate its finding to other bees present. Bees are 
able to use the relative position of the sun to map valuable food 
sources.

(3) The nectar that was found is stored in the hive, turned to 
honey and will be used as a source of energy for the swarm. 
[http://www.agf.gov.bc.ca/apiculture/factsheets/111_foraging.htm]

This model can easily be modified to fit the collecting of oil from 
oil spills:

(1) Drones start scouting an area for oil spills. This is not only 
limited to scout drones.

(2) If a spill is found, the drone will return to a mini-refinery and 
communicate its finding to the other drones present. Drones are 
able to map the coordinates of oil spills using GPS.

(3) The oil that was found is brought to a mini-refinery, where it 
is separated and refined so it can be used to produce electricity to 
charge the drones.

To find out whether this is actually possible, I first had to find out 
if it is possible to reuse the oil from oil spills. After some research, 
I found out that the Massachusetts Institute of Technology 
(MIT), has developed a way to magnetically separate oil from 
water. [http://web.mit.edu/newsoffice/2012/how-to-clean-up-oil-
spills-0912.html]

I envision that a swarm of drones working according to this 
model, dropped in an area with oil spills, will start organising the 
cleaning of the spill themselves without information from outside. 
The drones are simply programmed to collect enough oil to make 
the swarm survive. This will truly create a new breed of robots 
that autonomously populate and operate within open ended 
ecosystems.
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CONCLUSION
In this project, I laid the foundations for swarm behaviour on two 

levels. The main part of the project was spent on the development 
of a prototype that proved itself promising based on the conducted 
tests. A smaller, but not less relevant part of my project was the 
development of a model for swarm behaviour of Protei  drones.

Although a lot of work in this project has been worked out in 
quite some detail, some parts were of a more conceptual nature. 
This counts for the underwater sound system for determining 
distance, as well as the model for swarm behaviour. This model 
could be worked out more deeply by for instance adding possible 
scenarios.

These more conceptual parts could serve as starting points 
for anyone involved in the open source community of Protei. The 
aspects of the project that were worked out in more detail, could 
also serve their purpose within the open source community. As the 
building steps of the prototype are quite clearly described, more 
prototypes could be built and used to test swarm behaviour in 
practise.
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A : DIRECTIONAL COMMUNICATION SYSTEM SCHEMATIC


