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Abstra
t. Already parti
ipating to SAUC-E 
ontest in 2006, we 
ome ba
k thisyear with another AUV. It has the same global stru
ture: 2 watertight 
ompart-ments, a 
entral stru
ture, 4 propellers and some sensors. Nevertheless major im-provements have been done: 
ompartments are more reliable, better quality web-
ams have been pur
hased ans we add a Mi
ron Sonar by Trite
h. We also amelio-rate our embedded 
ode by using Syn

harts formalism. Highly supported by oursponsors detailed in the last page of the report and resear
hers from I3S labora-tory, our team is 
omposed by 10 students from University of Ni
e-Sophia Antipolislisted in the �rst page. Working all together on this proje
t has been a great 
hal-lenge for people with various 
ompeten
e.1 Introdu
tionInvolved for many years in the 
ommunity of underwater roboti
ians, some re-sear
hers from I3S 1 laboratory de
ided in 2005 to parti
ipate to the SAUC-E
ontest. Situated at the heart of a te
hnologi
al park and as part of the universityof Ni
e-Sophia Antipolis (UNSA) they aimed to gather students, engineers andresear
hers to build an autonoumous underwater vehi
le (AUV) that would 
om-pete with all-over Europe teams gathered in the same pla
e for the 
ompetitiondays.The �rst edition of SAUC-E in 2006 was the starting point of the parti
ipationof our team. Unfortunately we 
ould not 
ompete be
ause of a major failure ofour PC board the day before the 
ontest. Nevertheless the work performed duringthe year is not useless and it pla
es the basis of our parti
ipation in 2007.Our team is 
omposed of 10 students. Issued of di�erent formations of the uni-versity, the abilities of ea
h of us are 
omplementary: 
omputer s
ien
e, signal andimage pro
essing, ele
troni
s, me
hani
s, ... We 
alled our robot �Têtard� that isthe �rst step of development of a frog, in Fren
h. It has 4 propellers, 2 watertight
ompartments, various sensors and a PC board. It is developped in the next se
-tions.Even if we re-used some part of last year's work, we improve our robot withadding some innovations su
h as the Aluminium watertight tubes instead of PVCand the pur
hase of a Sonar. Added to that major 
hanges, we improved the em-bedded 
ode and the repartition of ele
troni
 
omponents in the tube.
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2 Design and 
onstraintsTêtard's me
hani
al stru
ture (Figure 1) have been inspired from several AUVstru
tures that have been developed by ameri
an university teams. The designwas meant to be simple and as modular as possible. That is why we de
ided tobuild an AUV with 2 waterproof 
ompartments, 4 thrusters and a skeleton thatlinked all parts. This 
hoi
e has been done in 2006 and tests 
on�rmed our 
hoi
e:� The 2 
ompartments were large enough to put all ele
troni
s,� The bottom 
ompartment �lled with batteries stabilizes the robot,� The robot was positively buoyant,� The Aluminium stru
ture was modular and we 
ould add sensors or 
hangetheir positions.

Fig. 1. Drawings of Têtard: front, lateral, top and bottom.Last year robot was build with PVC pipes and we have had problem to main-tain their watertightness. So we de
ided to build them using Aluminium. Addedto the reliability of this material, it is heavier than PVC so that we obtain a lesspositive buoyan
y.The existen
e of four motors provides 4DOF (surge,heave,pit
h and yaw) whi
h
an be a
tively 
ontrolled. The two horizontal motors 
ontrol surge and yaw whilethe two verti
al motors 
ontrol heave and pit
h.3



The 
ombination of a large and light upper hull with a small and heavy lower hullkeep the 
enter of buoyan
y high and the 
enter of mass low. This geometry avoidsthe need for roll thrusters be
ause of its passive roll stability.An hydrodynami
 study has been done to know the hydrodynami
 
oe�
ientsof our AUV. With �tted devi
es we determined for
es applied on our robot andwith theoreti
al tools we �nd some 
oe�
ients like added mass, gravity 
enter,inertia, . . .To drive our autonomous vehi
le we design a hydrodynami
 model based on thesedetermined 
oe�
ients. This model is useful if we want to know the underwaterbehavior of Têtard. However, between theory and pra
ti
e there are some di�er-en
es and our hydrodynami
 model was not exa
tly the same in reality, so we needto improve it by taking into a

ount some parameters like the real repartition ofweight, the motor rotation speed and a

ura
y of sensors.

Fig. 2. Pi
ture of Têtard.
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3 Ele
troni
 partOur robot is 
ontrolled by using proprio
etive and exterio
etive information thatare produ
ed by di�erent sensors. The entire ele
troni
 system allows that rawsignals from sensors are 
orre
tly 
onditionned so that the intelligent part of therobot 
an use them.
3.1 Power supplyThe exe
ution of the mission by our AUV requires 3 lead batteries 
onne
ted inseries of 12V and 7Ah ea
h. They are pla
ed in the bottom 
ompartment to movedown the mass 
enter of the robot.We add a se
urity so that the 
ir
uit is 
losed as soon as a magnet is pla
edon a magneti
 interuptor. It is re-open when the magnet is pla
ed a se
ond time.It allows a diver to totally stop the robot in 
ase of emergen
y.
3.2 SensorsFigure 3 shows the global ele
troni
 ar
hite
ture onboard and details below. Mostof sensors are linked with the Be
k board with an I2C bus 
omposed of 2 lines: onefor the 
lo
k signal and on efor the data signal. The voltage signals from sensorsare transformed into data in the Be
k and then they are transmitted to the PCboard via an Ethernet link. The mission's tasks are managed onboard the PC.Then the motors are also 
ommand via the I2C bus. Only the 2 web
am are di-re
tly linked to the PC board. The Sonar data are extra
ted using the Be
k board.The utility of the 2 boards is that the Be
k a
quires and 
onditions the rawsignals and only the useful data is sent to the PC.The power supply board provides all voltages nedded by the system: 5V, +/-12V,3.3V. 5



Fig. 3. Ele
troni
 s
hema.Sensor Des
ription Link ref. manu-fa
turerGyros
ope This integrated dual-axis angular rate sensorprovides voltages proportional to the angularrate. I2C DG-300 byInvenSenseA

elerometer This 3-axis a

elerometer delivers voltages pro-portional to a

elerations. I2C MAA7260Qby Frees
aleIn
linometer This Dual axis sensor provides the 2 in
linationswith respe
t to the plane with a resolution of0.02 degrees. I2C Spe
trotiltSSY0090Depth This pression sensor provides a linear voltageoutput proportional to the depth of the robot. I2C MPX2200by Mo-torolaCompass It provides the orientation of the robot with re-spe
t to the North with a resolution of 0.5 de-grees. I2C KVH C100WebCams It provides images of the environment of the ro-bot so that, with an appropriate pro
essing, we
an extra
t information to perform the mission.It 
an produ
e 30 images per se
ond. USB Logite
hQui
kCamFusionSonar It is used to dete
t obje
t for obsta
le avoid-an
e and to measure the wall of the pool. Afterextra
ting line from the measures we 
an re
on-stru
t the pool and estimate the position of therobot. RS232 Mi
ron byTrite
h6



3.3 Embedded PC�Têtard� works with a Versalogi
 Cheetah. It is a PC/104 embedded PC with aPentium M Pro
essor (600 Mhz to 1.6 Ghz fully adjustable), 1 GB of SODIMMDDR RAM, a 400Mhz pro
essor-side bus, a Compa
t Flash So
ket and an on-board I/O (with 2 USB 2.0 ports, 2 COM Ports, an Ethernet Port, an IDE 2.5�interfa
e and a LPT Port).As operating system, we 
hoose Windows XP Pro for its 
ompatibility withalmost all existing web
ams, with the Sonar and with wi� key. We plug onto ita 40GB hard drive for logs and image saves. We 
hoose Cheetah for its tiny size(3.55� x 3.775� on two boards) and its performan
es with our image pro
essingalgorithms: the analysis of one image takes 140ms.

Fig. 4. View of some ele
troni
 
omponents.
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4 Mission planning and simulationNow that we have developped the ele
troni
 and the me
hani
al parts of our ro-bot, we are interested here in the intelligen
e onboard the robot. The planning ofthe mission is performed by an automaton 
oded using Esterel Studio software.C++ Algorithms are in
luded in this automaton to pro
ess images from web
amsand to pro
ess Sonar data. Added to these embedded softwares, we developped asimulator with the help of Robosoft 
ompany. This simulator is very important to�rst test our 
odes in the lab, before testing into water.4.1 AutomatonThe 
ontrol automaton is the module whi
h de
ides what the robot should do atany given moment, and 
oordinates the a
tions of other modules as a result. Weused Esterel Te
hnologies Esterel Studio and their Safe State Ma
hines formalismto develop the 
ontrol automaton of our AUV. This te
hnology was 
hosen forseveral main reasons: rea
tive programming support; the reliability and provenformalism of their tools; the possibility of intera
tive validation/simulation withthe automaton.The automaton is made up for 4 parallel 
omponents (see Figure 5), 
orre-sponding to the following 
on
urrent tasks:Control The 
ontrol 
omponent is in 
harge of or
hestrating the di�erent parts of thesystem and is the only module with the power to make de
isions. In general,it takes into a

ount information sent by the other automata to make its de
i-sions, and it sends them instru
tions to exe
ute.Guidan
e The guidan
e 
omponent is responsible for putting the robot into one of thespe
i�ed guidan
e modes. Ea
h guidan
e mode 
orresponds to a 
ommon goalfor the set of motors, su
h as pass through door. This automaton ensures thatthe motors are a
tivated for only one given task at a time.Observation The observation 
omponent is used to prioritize obje
t sear
hes based onTêtard's observed environment. The automaton keeps a list of dynami
ally-allo
ated priorities, whi
h are 
al
ulated depending on, for example, the ob-je
ts already found, or obje
ts whi
h are more important be
ause they are usedin more than one mission (eg. 
one).Se
urity The se
urity 
omponent veri�es that the robot is safe at all times. If it dete
tsele
tri
al problems, sensor glit
hes , or an imminent 
ollision, it sends a signalalerting the other 
omponents of the system.4.2 Image pro
essingWe use images from our forward-fa
ing and downward-fa
ing web
ams for twopurposes: to guide our robot around or toward obje
ts, and to re
ognize the 
one,tire, buoy, dummy and target. The raw images are stored under OpenCV image8



Fig. 5. Automaton.9



format for pro
essing using our own �home-made� 
olour �lters and shape re
og-nition fun
tions based on geometri
 properties.We found that the most e�
ient way to dete
t obje
ts is to �lter images �rst by
olour, and then by shape. Be
ause the 
olor �lter would be used most frequently,we implemented the fast 
olor dete
tion algorithm des
ribed by Bru
e and al. 2.With this method, we �rst 
onvert our images into the HLS 
olour spa
e, whereea
h pixel is represented by Hue, Lightness, and Saturation 
omponents. In real-time roboti
s, this 
olor spa
e is the most useful be
ause the �lightness� 
omponenta

ounts for shadows and variations in lighting. To �nd a blob in the image ofparti
ular 
olour, we 
he
k to see if a pixel's 
olour values fall within spe
i�edbounds in 3D spa
e (see �gure 6). However, this 
he
k requires 6 
omparisons oninteger values, and proved ine�
ient when performed on all pixels in an image. Wewere able to in
rease our image pro
essing speed by 30% by representing 
olours inbinary array form and performing bit-wise AND operations, as des
ribed in Bru
eet al.

Fig. 6. HLS 
olorspa
e.On
e a spe
i�ed 
olour blob is found in an image, we run a dilation operationon the shape to redu
e noise and irregularities in 
olour 
aused by re�e
tions.We then perform the asso
iated shape algorithm on the resultant pixels. In the
ase of the buoy, dummy, target and tire, we look for 
ir
les. Our 
ir
le dete
tionalgorithm is based on a simple ratio of a shape's area to its perimeter:
area

perimeter
≃

radius

2
(1)2 J. Bru
e, T. Bal
h, M. Veloso, Fast and inexpensive 
olor image segmentation for intera
tiverobots, Pro
. of IEEE/RSJ International Conferen
e on Intelligent Robots and Systems (IROS'00), vol 3, pages 2061-2066. 10



4.3 SimulatorWe de
ided to use a 3D Simulator to test and validate the TETARD Automaton.This simulator is based on the Mi
rosoft Roboti
s Studio simulation environment,mainly be
ause it�s a 
onvenient and reliable tool for roboti
 simulation but alsobe
ause we already had a good knowledge of this environment (2 students are
urrently pla
ed by Robosoft for their internships).The TETARD Simulator has been 
on
eived as a distributed appli
ation, the Sim-ulator runs on one ma
hine, while the TETARD framework runs on another. The
ommuni
ation is done threw a UDP proto
ol. The simulation sends informationof simulated sensors (orientation, depth, speed, angular speed) and of a simulated
amera. And the TETARD framework sends order to the simulation, 
ontrollingdire
tly the speed of the robots motors. (See Figure 7)

Fig. 7. Simulator Proto
ol.The main interest of the simulation is to test the automaton and the TETARDAI, but thanks to the �delity of the simulated environment we 
reated, the im-ages of the simulated 
amera 
an also be used to test and 
alibrate the imagepro
essing algorithms. We modelized a 
omplete 3D environment representing thereal 
hallenge environment, with all the a

essories. And we will also adjust thesimulated environment during the 
ompetition to be able to test our software dur-ing the 
ompetition even if we do not have a 
onstant a

ess to the pool. Thanksto the Mi
rosoft Roboti
s Studio environment we will also be able to apply postrendering e�e
t on our simulated images, using pixel shaders, to render a morerealisti
 water. In �gures 8 we 
an see 2 snapshots of the Simulator.
11



Fig. 8. Snapshots of the simulator.
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5 ImprovementThis year AUV �Têtard� is equiped with more sensors and thus the pro
essingof obtained data is mu
h 
omplex and reliable. Indeed we add a web
am withits image pro
essing for positioning and navigation of the robot. The same aimis a
hieved by using the Mi
ron Sonar even if, as a new sensor, the pro
essing ofs
ans is not as performant as we would have wanted. Work has still to be done inthis area.Adding to these sensors, our embedded PC is mu
h more performant than theone we used last year. Be
ause all the pro
ess of web
ams images and Sonar s
ansmust be done onboard, we need a fast pro
essor and a big memory storage.Moreover we 
hange the material of the watertight 
ompartments. We learnedfrom last year experiments that watertightness is not an easy task to a
hieve.Espe
ially be
ause of that we 
hoose to build them in aluminium be
ause of itslightness. It proves to be a good 
hoi
e as we now have a light AUV, very reliable.
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6 Finan
ial summaryExpenditure:Materials Total 13600eSONAR 6000eCameras 250eEmbedded PC 1800eInertial 
omponents 200eEle
troni
 
omponents 600eSpare items 250eStru
ture 2000eWatertight 
onne
tors 1500eLaptop 1000eTrip Total 6000eCar lo
ation 600eHighway and oil 1000eFerry 200ePlane and train/
oa
h ti
kets 2700eA

omodation and food 1500eCommuni
ation Total 500ePosters 150eT-Shirts 350eTotal 20100e
In
ome:Sponsors Total 19600eDGA 10000eUNSA 3000eFis
her Conne
tors 3000eSiemens 3000eAir Fran
e 600eBalan
e of 2006 500eTotal 20100e
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7 Con
lusionOur parti
ipation to the SAUC-E 
hallenge 
omes from the willingness of a groupof students to invest their time in building an autonomous underwater vehi
le. Wewere supported by Maria-João Rendas and Christian Barat, resear
hers from I3S,and Jean-Pierre Millet, founder of PEASM industry.As part of this proje
t, we involved oursleves in ROSSA3 asso
iation that was
reated in 2006 to promote underwater roboti
s in the Sophia Antipolis area par-ti
ularly with the SAUC-E 
ontest and also with various a
tions dire
ted towardpubli
 (S
ien
e festival, ...). As exposed in the �nan
ial summary we found dif-ferent support to parti
ipate to SAUC-E. We parti
ularly want to thank DGA,Fis
her Conne
tors, UNSA, DCN, Siemens, Air Fran
e for their material, �nan
ialand advi
e help. We want also thank people from GESMA for their help. We wantalso thank Gilles Menez and Viviane Rosello for their support, and Jean-Mar
Fédou for his pool.
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