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I. Introduction:  

 

The spirit of adventure can be felt from the moment you arrive in the maritime city of Brest, 

the European capital of marine science and technology. Brest is an ocean port, land of 

seafarers and trade. Brest has been the starting point of many an outbound voyage throughout 

the ages. It is in this context that the ENSIETA (“Ecole Nationale Supérieure des Ingénieurs 

en Etude et Techniques d’Armements”), a multidisciplinary school, trains engineers who are 

both open to their surroundings and the people who work there and keen on science and 

innovation. Consequently, it cannot be denied that the Ensieta students are attracted by the sea 

careers and all of the activities which deal with it. That is why the Student Autonomous 

Underwater Challenge- Europe (SAUC’E) which has been designed to advance Autonomous 

Underwater Vehicle (AUV) technology is perfectly intended to us. 

The realization of an autonomous underwater vehicle allows answering to several issues. 

First and foremost an underwater robot is used in defence: finding mines, securing a channel, 

obstacle detection ... However, the applications of such a submarine are not purely military. 

These are also used for scientific purposes (exploration substantive underwater, searching for 

shipwrecks ,...), but we can also consider in the future autonomous actions rescue at sea, or 

simply cleaning automatically a pool and permanently checking that children are not fallen in 

and if necessary being able to go back to the surface. 

In order to participate to the European challenge, young engineers of Ensieta decide to think 

about underwater technology and its future possibilities by resuming the last year submarine. 

  The annual Ensieta team for the SAUCE Competition is composed of five students choosing 

it as their industrial project, which deals with team work, development of operational skills, 

and one student selecting it as his final year project which shows that he is effectively capable 

of implementing the knowledge and know-how he has acquired in a real industrial or research 

environment. The AUV has to be able to locate himself in a pool, find there several objects, 

interact with some of them, and make cartography. To achieve all of theses missions, we 

provide to the submarine different sensors like sonar, compass and webcams. Besides 

autonomous conditions imply a technology and an extensive intelligence calculation, that is 

why the submarine is equipped with an efficient miniaturized PC. The robot has experienced a 

number of changes and this report aims to present the various technical choices that led to 

obtaining the submarine today.  
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II. Physical description:  

 

������������	
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The choice of aluminium tube is needed by its resistance to pressure, its amagnetism, 

its resistance to corrosion, and its facility to prepare a watertight environment. We decided to 

reduce the aluminium tube of the previous year which is the basis of the robot by 

approximately one third of its length. It is thus shifted from a tube of 1 meter long, in a tube 

of 72cm. 

This choice is explained mainly for practical reasons: indeed with the new length, the 

submarine can easily be transported in a classic vehicle which was not previously the case. At 

the same time his weight was reduced by 0.64 kg. 

 

 

 

The tightness of the submarine is conceded by two aluminium plaques. On each 

plaque there are waterproof connectors for the various sensors of the robot. The tightening is 

provided by three stainless fastener screws. The fixation of the screws is done with a pawn 

centre. The extraction of plaques is done with three extraction screws. Only one tape must be 

removed to extract the electronic part of the robot. This allows an easier maintenance. 
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We opted for 3 propellers from an American manufacturer specializing in the ROV 

(Remote Operated Vehicle) :  

·  1 vertical thruster to adjust the depth of the submarine. 

·  2 horizontal thrusters to adjust the speed and direction. 

The thrusters were chosen at SEABOTIX. The model "SBT150" used has the following 

characteristics:  

  

  

  

 

 

 

 

 

 

 

These are delivered assembled and we supply electricity for them via electronic controllers for 

more security and flexibility, commissioned in ROBBE. 

 

 

 

 

Voltage 19.1 V 

Maximum 

power 

110 W 

Mean 

Consumption  

4.25 w 

Length 173 mm 

diameter 90 mm 

Weight 700 g 
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The roll and pitch are not controlled but are stable thanks to the presence of a weighted 

keel, which also serves as a support for sonar and vertical propeller. We made the choice to 

cut the keel to put our thruster in the vertical axis of the submarine, in order to keep symmetry. 

 

 

The weight of the ballast keel that we have currently is about 630 grams. We have also 

incorporated a system for adjusting the overall ballast of the submarine. We use mass 

breakthrough lead that we can add on 4 threaded rods placed in the four corners of the 

submarine, so we can reach the limit zone of buoyancy. As a result we just need a propelling 

force very weak to make it go under the surface, and when the vertical engine is shut down, 

the submarine goes back on itself to the surface. 

To solve the problems of unreliable connectivity, of wear components due to not 

enough robust fixations, of too limited access to essential components (motherboard, 

batteries…), we first set rails with glue for aluminium. Through it we can now drag a 

Plexiglas plate 6mm width which serves as a support base for the internal architecture.  
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Furthermore we wanted to facilitate the dismantling / reassembly of the submarine, 

which was a factor of significant loss of time and reliability. For that we have chosen to limit 

sharply the need for opening one of plates that close the cylinder. We have thus been able to 

bring all the connections to the aluminium backwards plate.  

We then decided to have easier access to different batteries used by the submarine. For 

example we wanted to be able to replace a battery or check its charge level without needing to 

disassemble the entire submarine. We have therefore directed and integrated system tray set in 

the Plexiglas plate. 
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Finally, we have added a vertical support following the contour of the cylinder that 

allows us to connect components with the motherboard (mainly USB). 

 

����������	
������������	
 

Here is an org which describes the general organisation of the electronic architecture. 

On the one hand, there are the sensors of the submarine which provides its autonomy, 

and on the other hand, the thrusters provide movement to the robot. Details about sensors will 

be developed in the part about autonomy. Let us see the power supply of the thrusters and 

more generally of the different components. 

 

Org Input-Output, cards and sensors used 
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Implantation of electronics inside the submarine 

Power supply: 

The power supply is divided into three parts: 

·  The engines are powered by 12 V emerging from our batteries, the protection provided 

by power cards. 

·  The sonar needs a specific power supply of 24 V. That is why we have a specific set of 

batteries for the sonar, and in addition this tension is not stabilized because the sonar 

allows a voltage range quite wide. 

·  The power supply of our PC 104: one of the main interests for choosing the PC104 is 

its power supply with a single voltage of 5 V. This one comes from a card which 

provides a tension of 5 V stabilized and a maximum intensity of 5A . Besides, power is 

supplied by a battery to the  supply card. The card accepts power tensions between 9 

and 18 V, so the voltage from the batteries is very good (about 12 V). The PC accepts 

tensions between 4.75 V and 5.25 V. That is why we use a stabilizing card to avoid not 

only a fall of tension but also to not burn the PC104. 
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III. Autonomy Description:  

 

The autonomy of the ROV is provided by the combination of the localisation and the image 

processing. Indeed these are firstly its sensors that allow it to know its environment and 

interact with it properly. 

 

Here is a list of its sensors: 

·  Sonar, which allows the submarine to know in particular the distance with the walls of 

the pool and therefore assume its position.  

 

·  Two webcams that allow it to see objects in the pool with which it must fulfil its 

missions. 
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·  A pressure sensor gives it its depth in the water so that it emerges not before the end of 

its missions. 

·  An inertial sensor which gives mainly its course with Euler angles, and its also a 

magnetic compass. 

 

 

The autonomous missions are launched since an external computer, by connecting on the 

ROV on the client / server way. The protocol used is TCP.  

 

 

IV. Mission planning:  

 

With all its data on the environment of the pool, the submarine will be able to determine 

where, when and how to interact with the objects in the pool. The intelligence of the 

submarine which is the second element of its autonomy is based on a state chart. Here is a 

representation. 
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This organizational chart shows the order in which secondary missions will be made 

by the robot. At first, he begins by calibrating its sensors, including pressure sensor. After 

crossing the validation gate, it will make a first static localisation in the pool and then make a 

tour of the entire pool in order to detect any objects in it. For that, he will make a number of 

switchbacks which are controlled by a permanent location of the submarine. When the course 

is completed, it treats all the images he took and determines the position of objects by doing a 

dynamic localisation. We preferred to do the image processing while the robot is stopped, 

because processing needs a lot of CPU resources for the calculation, and therefore it would be 

difficult for the processor to both do the image processing and manage the movement the 

submarine. Indeed the algorithm of location is quite complicated.  
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It then creates a map of the pool with found objects and it is able to draw the way it 

has followed. Depending on the objects it has recognized, it will go to these objects and 

interact with them according to the protocol defined. In these missions, the ROV uses its 

camera in a dynamic way. Indeed it knows the position of the target, but there is a zone of 

uncertainty. That is why it is the only moment where the submarine is leaded directly by the 

webcams. When all these secondary missions will be carried out, it will emerge at the point 

defined. 

Each secondary mission is itself defined by other missions more and more basic. Thus 

we have state chart on four levels. At the fourth level, the missions are very simple tasks like 

starting engines or acquisition sensors. At level three there are missions that can reach a point 

in the pool or control depth.  

Here is an example of a second level state chart, namely the course in the pool. 

 

And this is an example of a third level state chart; Go to a point which is used in 

almost all the second level state chart. 
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V. Innovations:  

 

We have already done a list of innovation that could be done during the next year, as regards 

the difficulties we have encountered during this year. 

We offer advanced techniques that could be equipped on the robot during the next year.  

First we believe that we will create an environment using FPGA: they are programmable 

logic device or PLD which are electronic component used to build reconfigurable digital 

circuits. Unlike a logic gate, which has a fixed function, a PLD has an undefined function at 

the time of manufacture. Before the PLD can be used in a circuit it must be programmed. 

FPGAs use a grid of logic gates, similar to that of an ordinary gate array, but the programming 

is done by the customer, not by the manufacturer. 

That allows us to achieve the intended function digital necessary. With this type of circuit, we 

believe we can disengage to the PC board the onerous task of calculating location. Thus, for 

example, we can do image processing in real time (obstacle detection), a fact which is 

currently impossible. Achieving a block combining sonar, compass and FPGA will make a 

significant contribution to optimize the missions of the submarine; indeed the FPGA makes all 

its calculations in parallel and directly informs the position of submarine in the pool for the 

PC. The added benefit is the port to other vehicle types, simply by moving the bloc.  

Secondly it is possible to make the same kind of block with our high-resolution cameras as 

image processing is gourmand in terms of computing time in the same way as the location.  

We also believe it is viable to replace the tape that we isolate this year by a half-sphere made 

of Plexiglas. So it is no longer necessary to use boxes for Webcams, they may be directly in 

the submarine.  

To finish, we believe it can be interesting to add a celerity sensor on our ROV. Indeed, this 

element can be able to simplify our localization algorithm. 
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VI. Financial Summary:  

 

Purchase of our new thrusters = 2120 € 

Réf: Seabotix Inc, http://www.seabotix.com/ 

SeaBotix offers a thruster for use on alternate systems such as home built, project or 

production ROVs and AUVs. The high performance, simple to integrate and low cost 

thrusters have proved popular in many areas. 

 

 

Purchase of PC104 = 3500 € 

Réf: Eurotech France, http://www.eurotech.it/ 

The selection of PC/104 products gives customers a complete range of CPU and peripheral 

modules allowing them to realize optimal solutions when developing their embedded PC 

applications.  

 

 

Purchase of electronic equipment =  1546 € 

Réf:  Farnell, http://fr.farnell.com/  

Collection of electronic products such as adapters, electric wires, batteries… 

 

 

Purchase of mechanic equipment = 2000 € 

Réf : Castorama Brest, www.castorama.fr/ . 

Assortment of mechanic tools such as saw, drill, Plexiglas plate, screws, welding… 

 

 

Purchase of computer equipment = 2000 € 

Réf : FNAC Brest, http://www.fnac.com/ . 

High-resolution webcams, keyboards, screens, camera … Some of our sensors and all the 

different accessories needed by the team to work in good conditions.  
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Purchase of sealed connector = 478, 55€ 

Réf:  radiospare, http://radiospares-fr.rs-online.com/ 

Mini connectors weather resistant with O-ring and static joint, providing optimum protection 

against leakage. When connectors are mated or covered their protection IP68 makes an ideal 

solution in applications for process control, marine, medical instruments, transport, industrial 

electronics and similar hostile environments.  

A contact of polarization and a locking mechanism “1 / 4 turn” prevent a misalignment and 

involuntary disconnection.  

 

 

 

Purchase of USB/RS485 converter for our pressure sensor = 240 € 

Réf: Keller AG, http://www.keller-druck.com/english/homee/  

The communication with a KELLER transmitter takes place over RS485. In order to read out 

a transmitter via PC, a converter is needed which is able to make a conversion from USB to 

RS485. RS232 is the designation for the serial connection on a computer KELLER offers 

converters which are precisely suited for the corresponding transmitter.  
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VII. Risk Assessment:  

 

��
����		�������	�	
 
Our visual sensors, namely the webcams have been made water proof by students. As a matter 

of fact, we bought ordinary camera and we built a tight box to put it in. we employed PVC 

pipe, Plexiglas and glue join to realize this box, and we cannot help thinking that this element 

is not totally reliable.  As a result we are aware that dysfunctions can occur with this 

component. Furthermore our connector can resist to a pressure of 10 bars, so there are no risks 

as for the aluminum tube. 

����������	�������	
 
Our thrusters are safe because of the security grid which protects the blades. However we 

have to take care with the back of the thrusters, it is possible to move a finger between the 

blades. 

��
������	��	���	�
��������	
 
Obviously our batteries have a limit time. This period is estimated as a half-hour. The risk is 

found with the thrusters and the embedded PC. 

The problem is that when the dead line is crossed over, the PC is the first to shut down. The 

consequences are rather disastrous. 

First, if the last command of the PC is to control the thrusters, they continue to work. It can be 

very annoying if the command was to go down. In this case the solution is the emergency stop, 

but it is better to not cross the dead line. 

Secondly, the problem is the incessant reboot of the computer. Indeed if the batteries power is 

deficient, it deals with a continuous reboot of the PC, and when the loop has happened too 

many time it is the BIOS himself which reboots, fact which is irritating too. 

�
������	������	
 
The autonomy of our ROV is based on its sensors. Indeed for instance if it has to go ahead, 

the submarine will be regulated by its compass.  Thus one of the issues we can have is the 

divergence of the magnetic field in the pool, which can be able to completely destabilize our 

submarine. We hope that the divergence will not be too important. 
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Here is another example of the dependence on our sensors. Indeed, the webcam are the 

support of the target recognition. If the water is too dark or saturated, our algorithm of image 

processing will not be able to work. in consequence we need good conditions of brightness. 

 

 ���	��	����������	!	"���#	�	
 
We are clearly conscious that the SAUCE competition is based on autonomous project. 

However we need to be able to launch the ROV at the beginning of its course. Moreover we 

would like to follow the evolution of the route with our GUI, with indications like sonar and 

webcam pictures, pitch, yaw and roll angles … 

For these reasons, the loss of connection  is not a good event, even if the mission can be 

fulfilled without it. The loss of connection can occur with a bad orientation of our antenna. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Gabillard Adrian 
10 September 1986, Perpignan 
French 
Single 
MDE ENSIETA 
2 rue François Verny 29200 Brest 
06 09 97 12 44 
gabillad@ensieta.fr
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EDUCATION AND QUALIFICATIONS

2006-2008 Student in first and second years at ENSIETA, a French Graduate Engineering 
School, Brest, in electronic and computing specialities. 

2004-2006 A two-year post-high school preparation in advanced mathematics and physics 
for the competitive entrance examinations to French Graduate Engineering 
Schools, Perpignan. 

June 2004 Scientific Baccalauréat, the equivalent of UK A-levels, with  very highest 
honours.

PROFESSIONAL EXPERIENCE

July 2007   Placement in the international company of construction, Saint-Gobain. 
Summer 2005-2006    Placement in the “Banque Populaire”, a important French bank. 

�  Business data processing work on the accounts of the 
customers.    

     �  Responsible for the maintenance of the machines. 

September 2004-2003  Agricultural seasonal employment. 
          
LANGUAGES

French :  mother tongue. 
English :  reading, writing, speaking.. 
Spanish :  good working knowledge 
Japanese :  beginner in Japanese. 

DATA PROCESSING LANGUAGES

Programming languages :   JAVA, C, C++, Python. 
Database languages:   SQL, Oracle, MySQL. 
Simulation languages :   Quartus from Altera, ADS 
Internet technologies:   HTML/CSS, PHP. 

LEISURE ACTIVITIES / SPORTS

Member of the school handball team, sailing. 
Played tennis and judo in competition. 

SAUC’E Project 
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