
SAUCISSE : The ENSIETA AUV  - 1 - 

SAUCISSE: The ENSIETA Autonomous 

Underwater Vehicle 
 

The ENSIETA Team : Stéphane BAZEILLE, Thomas DEMONGEOT, Fabrice LE BARS, 

Sébastien LE BOUTER, Florent KERMARREC, and Luc JAULIN  

 

 

 

 
 

 

 

 

Abstract - Within the framework of a student project, a group of students of the ENSIETA 

engineering school produced an autonomous underwater vehicle. This one has to be able to 

localize itself and localize objects inside a swimming pool. The principal goal was to produce 

a simple and easily reusable (by other students) robot. This is why this robot is based on 

tested technologies (a mechanical architecture based on a tube and 4 thrusters, and an 

electronic architecture reduced to the minimum and based on already existing components). 

The robot is used as base for many research topics in particular in localizing the robot in a 

dynamic way in a swimming pool and the recognition of objects in an underwater 

environment. 
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I. Introduction 
 

 
Figure 1 – The ENSIETA AUV in the 

surface 

 

Today, autonomous underwater vehicles 

have a lot of applications. Even if defence 

applications are common
1
 (mines search, 

channel security, obstacles detection), they 

are used for some civilian applications as 

wrecks search
2
. 

 In order to take part in a challenge 

organized by the MOD
3
, a group of 

students of second and third year of the 

ENSIETA (a French engineering school 

based in Brest) , directed by professors, 

constructed a prototype of autonomous 

underwater vehicle finally named 

SAUC’ISSE  (SAUC'E  Immerged Super 

Submarine of Ensieta ). This submarine is 

able to locate itself in a swimming pool 

and to locate various objects. In order to 

realize these goals we equipped the 

submarine with a sonar and an inertial 

measurement unit (in order to locate itself) 

and with two webcams (in order to locate 

the various objects).  

                                                 
1
 Les drones se jettent à l'eau 

(http://www.defense.gouv.fr/dga/les_drones_se_jett

ent_a_l_eau) 
2
 La France envoie un avion, une frégate et un 

robot sous-marin à Charm el-Cheikh 

(http://french.peopledaily.com.cn/french/200401

/05/fra20040105_64756.html) 
3
 http://www.dstl.gov.uk/news_events/competitions 

/sauce/index.php 

The goals this paper is to present the 

technical choices made during the 

realization of this submarine. We will 

present the mechanical architecture of the 

submarine, then its electronic architecture. 

At the end of this paper, we will present 

our software chooses. 

 

II. Mechanical structure 
 

A. General Structure 

 

Our underwater vehicle has to follow the 

following 5 rules:  

• being waterproof  

• being simple  

• being stable in rolling and pitching  

• being resistant to a diving of 10 m  

• being able to embark the envisaged 

electronics  

Finally, we have chosen a tube because of 

its many advantages:  

• it is a largely widespread form  

• it naturally has a great pressure 

resistance  

• the problems related to the sealing 

of a tube are known in our school 

thanks to a preceding experiment: 

the realization of a reduced glider 

by laboratory DTN (department of 

new technologies)  

The choice of the tube was guided by the 

two following criteria: 

• to be non-magnetic and resist 

corrosion (what left us the choice 

between aluminum and PVC)  

• to be able to contain the embedded 

motherboard 

Based on these criteria, we have finally 

chosen an aluminum tube (inside diameter:  

17 cm; length:  1 m) already available in 

our school. This tube is closed by two 

aluminum covers, fixed on two PVC 

supports enabling us not to limit the 

internal diameter of the tube. They are the 

critical parts of the submarine because it 

assures the watertight of the submarine. On 
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these covers are fixed sealed connectors 

which make it possible to connect the 

propellers, two webcams, the wifi antenna 

and the sonar with the embedded 

motherboard.  

Classical connectors in an underwater 

context are the JUPITER connectors. They 

are very expensive (approximately 1000€ 

for a complete connector). We finally 

retained IP68 connectors which are able to 

resist a pressure of approximately 1 bar 

and cost about 15€ each
4
. 

 
Figure 2 – The front covers and IP68 

connectors  

B. Stability and 
propulsion 

 

We made the choice of a classical 

architecture based on 4 propellers:  

• 2 vertical propellers to regulate the 

depth of the submarine,  

• 2 horizontal propellers to regulate 

the speed and the course. 

Rolling and pitching are not controlled 

since they are stable thanks to the presence 

                                                 
4
 http://www.radiospares.fr/ 

 

of a ballasted skittle which is also used as a 

support for the sonar. The propellers have 

been bought at the LECMA-RC
5
 company. 

The model "SPEED 720 BB" used has the 

following characteristics: 

• nominal voltage : 12V 

• power : 30W 

• weight : 380 g 

Those are delivered in spare parts and must 

be assembled in the tight cases envisaged 

for this purpose (see figure 3). 

 

 
Figure 3 – SPEED 720 BB propellers 

 

The engines were fixed on a PVC support, 

and then are installed on the wings located 

on the both sides of the submarine. Those 

are carried out with bars in T out of 

aluminum and are fixed on the tube using 

two collars according to the diagram of 

figure 4. 

 

 
Figure 4 – propellers structure 

 

                                                 
5
 http://www.lecma-rc.com/ 
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C. Inboard structure 

 

The whole of electronics is laid out on a 

plate of PVC reinforced by an aluminum 

bar in T. The interior skeleton is fixed on 

the front plug like in figure 5, which makes 

it possible to easily fix it in the tube. The 

operations of assembly / disassembly are 

thus facilitated. The batteries are fixed in 

the tube, under the PVC plate in order to 

guarantee the stability of the submarine. 

 

 

Figure 5 – Inboard structure 

 

III. Electronic structure 
 

The robot has to be able to localize itself in 

the swimming pool and to localize objects 

of various forms and colors. We made the 

choice to equip it with the following 

sensors: a barometer which makes it 

possible to estimate its depth, a sonar and 

an attitude control unit making it possible 

to localize the robot by a comparison with 

the edges of the swimming pool, two 

webcams, one directed downwards, the 

other forwards. All of these various 

sensors are connected to an embedded 

mother-board which must be sufficiently 

powerful to carry out the image processing 

and the localization. Propellers are 

controlled by a Labjack module connected 

in USB to the motherboard. (See figure 6 

and7).

 

 

Figure 6 – Electronic architecture
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Figure 7 – Embedded electronic 

 

A. Power supply 

 

The feeding circuit is divided into three 

parts:  

• The power part which feeds each 

power board with 12V  

• the digital part which feeds the 

mother board and the router in 12V  

• the sonar requires a specific 24V 

supply  

This separation in several parts is primarily 

due to the fact that when the propellers 

start, it can generate a high call of current. 

This can lead to a voltage drop. Each 

ration card is made up of a protection part 

(fusible and diode), and of an order part 

(flexible knife switch and transistor of 

power). Moreover the digital part is 

controlled in tension. 

 

B. Embedded 
motherboard and 
operating system 

 

There are many processors specifically 

dedicated to embedded systems. They have 

many advantages, in particular the 

realization of small motherboards 

(66x72mm for example for the Fox board 

conceived by the company Acme System
6
) 

and their very low power consumption. 

However they also present notable 

                                                 
6
 http://www.acmesystems.it/ 

disadvantages in particular their low 

power, the diversity of architecture 

proposed (80x86 (the standard of the PC), 

but also ARM7, ARM9, Motorola 6800), 

their difficult extensibility (read-write 

memory and mass memory are directly 

integrated into the motherboard). This is 

why we have chosen a motherboard of the 

mini-ITX family. They are motherboard 

initially developed for the small PC of 

living room. They have the advantage of 

being structured around processors of the 

family of the standard 80x86, and to be 

easily evolutionary with respect to the PC 

standard (they support until 1Go of DDR 

memory, and make it possible to use 

Compact Flash Memory in the place of a 

hard disk). Their size remains reasonable 

(17x17cm), like their consumption. We 

chose the LV667 motherboard from 

Commell structured around a VIA C3 

1Ghz processor which we equipped with 

1Go of DDR and 2Go of Compact Flash 

(See figure 8). 

 

 
Figure 8 – Commell LV667 motherboard 

 

There exist today a lot of operating 

systems for PC, even if Microsoft 

preserves a quasi monopoly. However its 

operating system Windows (and its 

variation for embarked Windows CE) 

presents many disadvantages in particular 

related to the non availability of the 

sources of the operating system what 

prevented us from personalizing it. 

Moreover construction of personalized 

drivers for systems different from 
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Windows XP remains difficult. We thus 

naturally turned to the operating system 

Linux which is increasingly widespread 

today in the university world and whose 

sources are freely available. Build our own 

Linux system is possible, as the book 

Linux From Scratch
7
 testifies some, but 

however the process is long and present 

the disadvantage of being not easily 

reusable. We made the choice to start from 

a Linux distribution and to personalize it. 

We used the Mandriva distribution which 

has the advantage of being able to be 

installed in text mode and to be updated 

regularly. And this System gave us the 

possibilities to use the same system in our 

robot and in our own computers. To 

personalize our embedded system we used 

the advices of the book Linux Embarqué 

(Linux for embedded Systems)
8
. 

 

C. Propellers control 

 

In order to control the propellers we used a 

“Labjack UE9 module”
9
 (see figure 9). It is 

a professional system of data acquisition, 

connected to the motherboard via Ethernet 

or an USB connection. This module is 

equipped with many input-output and 

makes it possible in particular to generate 

6 PWM signals. It also has a temperature 

sensor which enables us to have 

information on the internal temperature of 

the submarine. 

The manufacturer of the Labjack board 

provided a package of "skeletons" of code 

which made it possible to control the 

module. 

 

                                                 
7
 http://www.linuxfromscratch.org/ 

8
 Linux embarqué, Pierre Ficheux, Edtions Eyrolles, 

2006 
9
 http://www.labjack.com/ 

 
Figure 9 – The Labjack UE9 module 

 

The power boards are interfaces of power 

between the signals coming from the 

Labjack module and the propellers. They 

made it possible to ensure progressive 

propulsion of the propellers and to deliver 

the necessary power. The model that we 

have chosen (ROKRAFT 100 µp produced 

by ROBBE) has a 15-20 Ah capacity, 

which is oversize because under water the 

propellers use approximately 1.5 Ah in full 

mode. 

 

D. Communication 

 

In order to communicate with the 

submarine we have at the same time a Wi-

Fi connection (which enables us to control 

the submarine during the phases of test), 

but also 4 switches “on/off” placed on the 

back plug.  

 

1. Wi-Fi 
communication 

 

Today there are lots of Wi-Fi peripherals 

available at the same time on bus USB or 

PCI. However they present the 

disadvantage not being uneasy to install 

under linux, in particular in an embedded 

system which cannot use ndiswrapper 

software which allowed us to use Windows 

Wi-Fi drivers under Linux. We have 

finally chosen to directly integrate a Wi-Fi 

router (dismounted in order to use only the 

electronic board without its case) in the 

submarine directly connected to our 

motherboard via an Ethernet interface.  

Even if one succeeded in collecting signal 

WIFI when the submarine was on the 
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surface, we nevertheless decided to leave 

the Wi-Fi antenna in order to have a better 

connection.  

 

2. Switches 

 

The submarine is equipped with four 

switches “on off” placed on the back cover 

(embedded computer, propellers, sonar, 

and start signal). The selected system is 

FKS (flexible knife switch) (See figure 

10), which will be stuck inside, on the back 

plug of the submarine. The contact will be 

made by approaching a magnet on the 

other side of the plug (of the sites were dug 

on the level of the slap postpones in order 

to facilitate the contact). The three ration 

cards comprise a transistor of power and a 

connector connected to one of the FKS. 

We use a transistor of power which will be 

ordered by the FKS. We chose to take a 

MOSFET transistor channel N.  

 

 
Figure 10 – Flexible Knife Switch 

 

E. Localization 

 

1. Depth 

 

In order to estimate the depth, we used a 

barometer P33X from Keller
10

 which has a 

precision around one mbar (this 

corresponds to a depth of about one cm). It 

has the advantage of presenting a digital 

display of type RS485 which perhaps 

could be connected to a PC via a series or 

USB interface, using an adapter. Moreover 

the communication protocol of the 

barometer is well documented, which 

enabled us to develop a program to make it 

work under Linux. 

                                                 
10

 http://www.keller-

druck.ch/french/homef/hmf.html 

 

2. Horizontal 
displacement 

 

In order to estimate the position and the 

speed of the robot we have developed an 

observer based on interval analysis. 

This observer has the main advantage to be 

robust with respect to outliers that often 

occur with the sonar. This one takes as 

inputs the information given by the sonar 

and possibly, the heading given by the 

compass. The observer returns the speed of 

the robot, its horizontal positions (x and y) 

in a frame related to swimming pool.  

 

3. Inertial 
measurement unit 

 

The MTi
11

 is a miniature, gyro-enhanced 

Attitude and Heading Reference System 

(AHRS). Its internal low-power signal 

processor provides drift-free 3D 

orientation as well as calibrated 3D 

acceleration, 3D rate of turn (rate gyro) 

and 3D earth-magnetic field data. 

 

 

4. The sonar 

 

We use a Tritech Miniking
12

 sonar in order 

to localize the submarine in the pool. This 

sonar could be used as well used to 

localize immersed objects. It has a 100m 

operating range, and weighs 1.2kg. A 360° 

picture takes 30s to be gathered at a 100m 

range. 

                                                 
11

 ://www.cadden.fr/fr--centrales_inertielles-

centrales_inertielles-mti--111-4-16-32.html 
12

 http://www.tritech.co.uk/products/products-

miniking.htm 
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Figure 11 – The Tritech Miniking sonar 

 

 

F. Vision 

 

The webcams are today popular PC 

peripherals and there are very many 

models usable directly under Linux. We 

tested various models which we 

dismounted and then integrated in a tight 

case of the same type as those used for the 

engines. The cameras were placed in an 

expanded foam base which makes it 

possible to ensure the stability of the 

camera in its support. To finish, the cases 

are closed hermetically. 

 

IV. Missions 
 

A. Localization 

 

In order to localize the robot in the 

swimming-pool we used a method based 

on two phases. During the first phase we 

use a static method by using the corners of 

the pool. During this phase the submarine 

is allowed to use only a half of the pool in 

order to eliminate the errors of localization 

due to the symmetry of the pool. With this 

condition we are able to localize the robot 

with the data of the sonar only, without 

any heading information that could be 

provided by the compass. 

During the second phase we used a 

dynamic method based on an observer 

based on interval methods.  

 

B. Objects recognition 

 

At the beginning of our work we tried to 

use method based on forms recognition by 

using the C-library Opencv. But those 

methods are not very reliable. Finally we 

decided to base our methods on colours 

recognition. With this method, after a 

phase of initialization we are able to 

recognize the different objects meet during 

the mission. 

 

V. Conclusions 
 

Within the framework of the SAUCE 

challenge we realized a prototype of 

underwater vehicle. This one is able to 

locate itself in a swimming-pool and to 

detect various objects. 
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