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KARST : DEFINITION

o A topography formed from the dissolution of soluble rocks such
as limestone, dolomite, and gypsum,

Stream disappears
underground

Debris (soil,
rock, etc.) s

Groundwater
table

o Characterized by underground drainage hydrosystems with
sinkholes and caves.
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GROUNDWATER RESERVOIR




KARST : GROUNDWATER MANAGEMENT, A NATIONAL ISSUE

+ 50% of Drinking Water Supply

Service National d’Observation
du KARST,
SNO INSU/CNRS
OSU OREME (UM)

Coordinator H. Jourde

Carte hydrogéologique des formations carbonatées karstifiables (EASAC report)




MONTPELLIER’S CATCHMENT BASIN : A SEMINAL CASE STUDY
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SOURCES DU LEzZ : ACTIVE MANAGEMENT OF GW RESOURCE

NW

Source du Lez, Simplifyed Topography

Il pumping plant
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Towards Potential underwater
marine exsurgence

Not the case of Source du Lez

Mazzilli, 2011. Original topography by P. Rousset (G.E.P.S. diving group, 1972)
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RKE : GLOBAL PRINCIPLES

Vector
(LIRMM)

Env. Models
(IMAG)

OLIRMM Hsii @

Environnement

New sensors

l'institut
d'électronique




THE RKE INITIATIVE : THE CHALLENGES

o New Sensors Development
e Acoustic Skin
e Active Umbilical
o Navigation
e Glob. Nav. System
e n-D Acoustic SLAM
e Vacancy Evidence Grids

o Guidance
e Autonomous Centring
e Autonomous Targeting
e Env. Models inclusion
o Control
e Robustness
e Co-control
e Open-loop stability

o Actuation
e Reactive redundant A.S.
e Variable Geometry A.S.

o Software Architecture

e Management of sensors
recruitment (acc. jamming)

e Adaptive Autonomy
o Dependability & GoP

o Models
e Multi-modality & Scalability
e Uncertainty Consideration

o Technology

e Active Truncanner, NRJ opt.

o Economic
e Evangelization of a Blue Ocean




F. Augereau (IES)
D. Laux (IES)
M. Alarab (Thése)

THE RKE INITIATIVE : FORCES AT WORK

o New Sensors Development
e Acoustic Skin

Effet des particules
en suspension

* Prédiction de la portée
de 'onde

* Estimation des
caractéristiques d'un

milieu (Qualité de I'eau)

Réflexions et
réverbération

* Bibliographie
* Simulation k-wave

* Tests en piscine

* Choix du type de
capteur (Fréquence,
diamétre ...)

Obstacled
détecter
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wuarium en verre. Représentation des varis

Réseau de
capteurs

* Architecture du réseau
* Stratégie de
recrutement

Stimulation

* Electronique associée

et du seuil (i droite) de détection de
nee de détection et angle d'incidence.
le 5 cm. réflexion contre le paroi de
ons sur le transducteur centrale

Cuve Réseau de
d'expérimentation capteurs

Portique de
déplacement

ettt
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Time of Arrival Sensor (piezotech)




. A. Vena (IES)
THE RKE INITIATIVE : FORCES AT WORK N. Troesch (PFE EPUM)

o New Sensors Development
e Active Umbilical (localisation and communication)

o Détection of Stationnary waves in single wire (fil d’ariane)
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Experimentation in the St Antoine spring (Toulon)




. A. Vena (IES)
THE RKE INITIATIVE : FORCES AT WORK N. Troesch (PFE EPUM)

o New Sensors Development
o Active Umbilical (localisation and communication)
o Détection of Stationnary waves in single wire (fil d’ariane)

o Communication/localisation with Burst / Ping

' -
p - amperometric clamp
o (pince ampéremétrique)
Oscilloscope o A
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Y. Breux (LIRMM/IMAG)

THE RKE INITIATIVE : FORCES AT WORK B. Mohammadi (IMAG)

A. Mas (IMAG)
L. Lapierre (LIRMM)

o Navigation

e 3D Acoustic SLAM (1) : Estimation of the elevation angle of the large
angle vertical profiling sonar.

(a) Dense case. (c) Sparse case.




Y. Breux (LIRMM/IMAG)
B. Mohammadi (IMAG)
A. Mas (IMAG)

THE RKE INITIATIVE : FORCES AT WORK
L. Lapierre (LIRMM)

o Navigation
e 3D Acoustic SLAM (2) : Scan Matching (point to point and point to plane).

Environment (karst)
surface Q

j<A GREF
{SEND} ﬁg}' {L‘ }

Complete scan a Complete scan ¢
from ({S3} to {SENP}) from ({S¢} to {SENP})

85”?/@*
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|
Hi
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« & 3 b g
¢

(c) Second segment, 360° scans (d) Second segment, 720° scans

e Acoustic SLAM (3) : Graph SLAM and loop closure detection...




L. Lapierre (LIRMM)
THE RKE INITIATIVE : FORCES AT WORK R. Zapata (LIRMM)
B. Ropars (Reeds)

o Navigation
e Vacancy Evidence Grids

e Advance vector

o Local Path-planning

A

o Guidance
e Autonomous Centring
o Path Following MOTE:E
e Obstacle Avoidance l

o Control oy
e Robustness NOYAU
e Co-control

e Open-loop stability




THE RKE INITIATIVE : FORCES AT WORK (LIRMM, ENSTA)

e ————————————
o Cartographie garantie, analyse par intervalles
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THE RKE INITIATIVE : FORCES AT WORK (LIRMM, ENSTA)

o Cartographie garantie, analyse par intervalles
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0 Guaranteed inner region
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THE RKE INITIATIVE : FORCES AT WORK (LIRMM, ENSTA)

o Cartographie garantie, analyse par intervalles
o Recalage par UG-GPS (ISSKA, localisation magnétique) It

mb\
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Evolution de l'incertitude de positionnement
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THE RKE INITIATIVE : FORCES AT WORK (LIRMM, ENSTA)

o Cartographie garantie, analyse par intervalles
o Recalage par UG-GPS (ISSKA, localisation magnétique)
o Application au forage hydraulique

Zone intérieure garantie




R. Zapata (LIRMM)

THE RKE INITIATIVE : FORCES AT WORK L. Lapierre (LIRMM)
. B. Ropars (Reeds)
o Actuation D. Huu Tho (Thése)

Luc Rossi (Syera)

e Reactive management of actuation redundancy, R. Bouchard (PlongeeSout)

e Variable Geometry A.S. F. Vasseur (PlongeeSout
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TERRAIN RESULTS: FONTAINE DE NiMES, 8/03/2023

z\\%Q ‘3“* My "'\\

P ey & = PLONGEURS
T T B & : Frank VASSEUR
R e Lt B 2 R Mathieu FOULQUIE
Doriane MORATE
Damien VIGNOLE
Denis PAILLO

Eq. TECHNIQUE
Lionel LAPIERRE
Hervé JOURDE
Pierre FISCHER
Benoit ROPARS
Mohammed ALIOUACHE

MAIRIE DE NIMES
Guillaume PLA

L d




TERRAIN RESULTS: FONTAINE DE SAUVE, 24/05/2023
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TERRAIN RESULTS: SOURCE DU LEZ, 15/03/2023
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ON GOING ACTIVITIES

o Sources du LEZ
e 2/4 dives to conclude the project, September / October 2023

Vigilance accrue a la source du Lez

ou les niveaux sont au pIus bas

ENVIRONNEMENT

Le déficit pluviométrique est marqué depuis des
mois. L'enjeu est important car l'usine de captage
alimente, au quotidien, plus de 83 000 foyers
abonnés sur quatorze communes de la Métropole.

Frédéric Mayet

fmayet@midilibre.com

Saint-Clément de Riviére, la
bien nommée. C'est ici, au mi-
lieu d'un sous-bois luxuriant,
que commence a couler le
fleuve Lez. « La zone est ouverte
au public mais on la protége,
notamment en rétablissant les
berges. C'est un poumon. »
Pascale Le Neouannic, de la Ré-
gie des eaux de la Métropole, se
félicite, au passage, « que les
gens aienl désormais bien
compris l'enjeu de la préserva-
tion de Ueau et de son cycle. »

Voila bien le coeur du sujet qui
préoccupe. Plus que jamais.
« L'arrété préfectoral vient de
tomber. Le niveau du Lez et des
nappes ne sont pas bons cette
année. Nous Uavions dil, les
spécialistes U'avaient prédit.
Sans pluie, on manque d'eau.
Le bassin-versant du Lez vient
de basculer en vigilance
Jjaune. » Soit la mise en place
de premiéres restrictions au

quotidien : interdiction d'arro-
ser le jardin, de laver les véhi-
cules hors des stations et de
remplir les piscines.
Effectivement, a quelques cen-
taines de métres de la, le spec-
tacle de la résurgence du Lez
fait comprendre I'état de man-
que actuel. « Ce n'est pas bon.
Nous avons la crainte que plu-
sieurs phénomenes jouent, y
compris le vent qui asséche
plus vite les végélawr, accen-
tue U'évaporation naturelle.
Sans parier de la canicule el de
Uirvégularité des pluies. »

« L'eau ne connait pas les
limites administratives »
Pascale Le Neouannic rappelle
le constat, fait ces trente demie-
res années : « Les pluies de mi-
aott se sont progressivement
décalées a fin septembre. En
2021 et 'an dernier nous
avons été en sécheresse hiver-
nale. » Résultat : ces jours-ci le
niveau de la résurgence du Lez
est trés trés bas. « Mi-mars
l'eau débordait. »

Au-dela de cette résurgence na-

Le niveau de la résurgence du Lez est actuellement trés bas. Il débordait pourtant a la mi-mars. = oe e essen

turelle, depuis 1982, grace au
travail du géologue Jacques
Avias, alors professeur a I'uni-
versité des sciences et techni-
ques du Languedoc, le choix a
été fait de creuser pour retrou-
ver la nappe souterraine du Lez.
« L'usine de caplage est au
droit de cette nappe, sur la
commune des Matelles, avec
trois pompes qui descendent
80 métres sous la terre. »

Impossible, cependant, d’esti-
mer plus ou moins précisément

le volume d’eau de cette nappe.
« La Régie a des partenariats
avec des chercheurs montpel-
liérains pour connaitre notre
réservoir naturel. On connait
bien la résurgence jusqu'au
droit des pompes. Aprés c'est
plus compliqué. »

Reste, comme le souligne avec
malice Pascale Le Neouannic,
que « l'eau ne connait pas les
limites administratives mais
des bassins-versants el des sec-
teurs. Le réseau Lez principal

concerne Montpellier et Juvi-
gnac. Aujourd'hui Grabels a
SOS Propres ressources, sécuri-
sées par le systéeme Lez. Lattes
et Pérols sont alimentées exclu-
sivement par Ueau du Bas
Rhone. Parallélement la Régie
vend de l'eau au Pic Saint-
Loup dans wun schéma
d’échange. »

> Lire également [article sur les
mesures de restriction en page
Région de ce dimanche 14 mai.

Restrictions
renforcées avec
I'arrété préfectoral

MESURES Le Préfet a
décidé, ce vendredi 12 mai, de
« renforcer les restrictions sur
les usages de I'eau dans le
département. » Ainsi le bassin-
versant de la Mosson et du
Lez bascule-t-il en alerte.
Avec nouvelles restrictions
d'usage de I'eau : interdiction
du remplissage des piscines
privées, du lavage des
voitures a domicile et du
fonctionnement des fontaines
en circuit ouvert. L'irrigation
agricole et des potagers est
interdite entre 10het 18 h
(sauf pour les modes
d'irrigation économes en eau).
Pour |'arrosage domestique
(pelouses, jardins), des
terrains de golf et des stades,
l'interdiction s'étend de8 ha
20 h. « Sur la source du Lez,
explique Arnaud Astier,
directeur environnement de la
Régie des eaux, le cumu!
pluviométrique (141 mm) sur
I'aire d'alimentation du captage
représente toujours environ la
moitié de la pluviométrie
normale de la période. Les
autres nappes exploitées par la
Reégie se situent @ un niveau
normal @ modérément bas. »

Midi Libre -

DIMANCHE 14 MAI 2023




ONGOING ACTIVITIES

o Sources du LEZ, Les Fontanilles, Gourneyrou, Fontaine de Nimes,
Source de la Touvre, Font Estramar, Fontaine de Vaucluse, Ombla,
La Falconera...
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ONGOING ACTIVITIES

Cartographie des ressources en eaux souterraines (visitables)

Alviela River |

EXPLOITATION / VALORISAT®

2023 - 2027

I ElectroKarst H

2020 - 2022
LEZ 2020

2015 - 2017 2017 - 2020
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SOURCES DU LEZ, 15/03/2023
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FISRT TERRAIN RESULTS

o Gourneyras, 11-14/07/2016 and 23/01/2017.
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Volume (1187 m?3)

Exsurgence de GOURNEYRAS




FISRT TERRAIN RESULTS

o Durzon, Nant, 24/06/2018.
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FISRT TERRAIN RESULTS

o Durzon, Nant, 24/06/2018.

Cloches

Source du Durzon
Commune de Nant (12)
17m

Coupe développée

- : Bancarel Cédrik ~ Baum Thomas ~ Barel Pierre ~ Bayrand Gérald - Belin Jean-Marc
n Laurent ~ Cayzac Célian ~ Cordier Hervé — David Christine ~ Dighouth Mehdi (Synthése et report) - Grammont Denis — Marchal Cyril
leniscus Xavier -- Maxant Fred - Moreau Chri 2 Kino — Romane Claude Stef Jean-Pierre
rank

Cloche n°1




FISRT TERRAIN RESULTS

o Durzon, Nant, 24/06/2018.

« Vue de coté » (Echosondeurs Haut/Bas + Profondimétre)
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FISRT TERRAIN RESULTS

o Durzon, Nant, 24/06/2018.

Photogrammetric reconstruction




FISRT TERRAIN RESULTS

o Durzon, Nant, 24/06/2018.

Photogrammetric reconstruction




FISRT TERRAIN RESULTS

o Durzon, Nant, 24/06/2018.

Photogrammetric reconstruction




FISRT TERRAIN RESULTS

o Durzon, Nant, 24/06/2018.

Photogrammetric reconstruction




FISRT TERRAIN RESULTS

o Durzon, Nant, 24/06/2018.

Partial photogrammetric reconstruction




WHAT’S NEXT ?




NEW SYSTEMS

o Télémaque

TELEMAQUE

TELEMAQUE

™S

43 cm

8 thrusters (T; to Tg) : T200 from BlueRobotics Doppler Velocity Log (DVL) : Nortek 1Mhz

4 batteries (B; to B,) : 4x9Ah 2 cameras (Left and Right, LC and RC) :

IMU : cheap mems Tether Management System (TMS) : from Syera and Reed
Vertical Profiling Sonar (VPS) : Superseaking Tritech (or Water leaks detectors

Subtop “DT360” Multibeam 360 Profiling Sonar) Batteries’ consumption

Horizontal Profiling Sonar (VPS) : ping360, from BR

Vi




NEW SYSTEMS

o Dodécam : systeme photogrammeétrique 12 caméras

12 projecteurs

8 moteurs

o Cube

@ VUECA...

@ MARIN
03s

MOTEURS
36.2

27.01 ' 8
2247 6
-33.42

-100 '5 4
21.32 R
-56.77
15.93 | 0

NOYAU

0.077876 -0.51049
0.51375 -0.05222
0.51375 -0.05222

0.077876 -0.51049

-2.2135e-18 -5.2135e-17

0.43587 0.45827

0.51375 -0.05222
-0.077876 0.51049




NEAR FUTURE : ANR LIRMM, LS2N, ENSTA, SYERA, REEDS

o Locomotion anguill

iforme et Sens électrique
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Underwater reflex navigation in confined
environment based on electric sense

Frédéric Boyer, Vincent Lebastard, Christine Chevallereau, and Noél Servagent

Absiract=This ale shows how & new enor npied by
in confined caviron-

5 ‘scnsr,the phynics of
dectric interactions, as well as taking inspiration from passive

smple beaios such s aveldlng uny ccticuly conirsted
object, o sceking a

understanding and imitating this sense with technology would
offer the opportunity to enhance the navigation abilities of
our current under-water robots. In this perspective, Me. Iver
etal. have recently used a sensor based on the measurement of
the electric voltage through elecirods n order (0 ddres he

R e propoed: These reles behviors
eatins s exprionns caried oo 2w 3

o e any G ket 1 el g
implemer

Index Terms—Underwater navigation, active-sensing, clectric
sense, embodiment, bio-inspiration, obstacle avoidance, artificial
potentials,

1. INTRODUCTION

In spite of its high potential interest for applications such
as decp seas exploration or rescue missions in catastrophic
i

vironments and turbid waters where vision is uscless remains
a challenge in robotics. In the same conditions, echolocation
by sonar is problematic because the multple small partcles
as well as the numerous obstacles cause diffraction and
interfering reflections of the signal. In fact, nature has already
discovered an original sense well adapted o this situation: the
electrc sense. Developed by several hundreds of fish species
which have evolved independently on both the African and
South- American continents, the electri sense was discovered
by Lissman in the 50s [8]. The Afican fish Gnathonemus
Petersii pictured in figure 1 i a typical electic fish. I polarizes

distributed along its body, the fish "measures” the distortions
of the electric field and processes with its brain an image of
its surroundings [2]. Named *electrolocation", this sensorial
ability has been extensively studied by neuro-ethologists who
shown that electric fish can recognize objects shape, measure

the roots of the trees of flooded tropical forests which are their
natural habitat. Electric sense is well adapted 1o this niche, in
partcular, because of its omnidirectional character that makes
it a sense naturally suited to the obstacle avoidance. Thus,

problem of
tering [13]. Their sensor - two. w.mxmumm etmemn which
the difference of potentials s measured - was suficiently small
So that it did not perturb the electric field produced by another
pair of point (emitting) electrodes between which the voltage
was imposed. In Angels [10], another technological solution
is proposed for the electric sense. This sensor is embedded
in a realistic 3D body. Each electrode can be polarized with
respect 1o the others through a given vector of voltage U.
e S e e
vector I of the currents lowing across the elecrodes.

i messmrnent mode U 1, th fst et sanding o
the emission (here, a vector of voltage U), the second, for
the reception (here a vector of currents ), to distinguish it
from the U~ U mode of [13], [14]. In this article we address
the problem of the underwater electro-navigation in confined
environments using this sensor. The proposed approach is
inspired by the observation of electric fish in nature. It exploits
the interactions of the sensor body with the electri field defor-
‘mations produced by the objects in its surrounding. It amounts
10 a set of reactive control loops whose parametrization allows
one to achieve relevant behaviors for underwater-robotics in a
robust manner with respect to the scene complexity.

Fe L Fon Voo der Ene 16 (o) The Altcan Narmyide fuh
Grathoners petesi, (oiom) Top view of e Tsh bl cecs

The article s structured as follows. First we will briefly

35




NEAR FUTURE : ANR LIRMM, LS2N, ENSTA

-

YERA, REEDS

o Locomotion anguilliforme et Sens électrique

05

(N
N
(8]
w
w
(8}

Underwater reflex navigation in confined
environment based on electric sense

Frédéric Boyer, Vincent Lebastard, Christine Chevallereau, and Noél Servagent

Absiract—This article shows how & new scasor inspired by
electric fish could be used o help navigate in confined environ-
ments. Exploiting the morphology of the sensor, the physics of
clectric interactions, as well as taking inspiration from passive

simple. behaviors such as_ avoiding any clectrically contrasted
object, o seeking a set

understanding and imitating this sense with technology would
offer the opportunity to enhance the navigation abilities of
our current under-water robots. In this perspective, Me. Iver
etal. have recently used a sensor based on the measurement of
the clectric voltage through electrodes in order to address the

1o thelr clectric propertics, is proposcd. These refex behaviors
“imulations and experiments carricd out on &

o the study . The appr
not require any model of the environment and s quite cheap o
implement.

Index Terms—Underwater navigation, active-sensing, clectric
sense, embodiment, bio-inspiration, obstacle avoidance, artiicial
potentials,

1. INTRODUCTION

In spite of its high potential interest for applications such
as decp seas exploration or rescue missions in catastrophic
i

vironments and turbid waters where vision is useless remains
a challenge in robotics. In the same conditions, echolocation
by sonar is problematic because the multiple small particles
as well as the numerous obstacles cause diffraction and
interfering reflections of the signal. In fact, nature has already
discovered an original sense well adapted o this situation: the
electric sense. Developed by several hundreds of fish species
which have evolved independently on both the African and
South- American continents, the electric sense was discovered
by Lissman in the S0s [8]. The African fish Grathonemus
Petersi pictured in figure 1 i a typical electric fish. It polarizes
its body with respect to an electric organ of discharge (EOD)
located at the base of its tail. This polarization which is
of short duration, generates a dipolar shaped electric field
around the fish which is distorted by the objects presen in
its sumroundings. Then, thanks 1o the many electro-receptors.
distributed along its body, the fish "measures” the distortions
of the electric field and processes with its brain an image of
its surroundings [2]. Named *electrolocation", this sensorial
ability has been extensively studied by neuro-ethologists who
shown that electric fish can recognize objects shape, measure
distances, sizes as well as the electric properties of materials
(16). In nature, electric fish can easily navigate in the dark or
turbid waters of confined unstructured environments such as
the roots of the trees of flooded tropical forests which are their
natural habitat. Electric sense is well adapted 1o this niche, in
partcular, because of its omnidirectional character that makes
it a sense naturally suited to the obstacle avoidance. Thus,

problem of I P
tering [13]. Their sensor - two points electrodes between which
the difference of potentials s measured - was suficiently small
So that it did not perturb the electric field produced by another
pair of point (emitting) electrodes between which the voltage
was imposed. In Angels [10], another technological solution
is proposed for the electric sense. This sensor is embedded
in a realistic 3D body. Each electrode can be polarized with
respect 1o the others through a given vector of voltage U.
‘The electric field distortions are then measured through the
vector I of the currents flowing across the electrodes. We term

is measurement mode U ~ 1, the first letter standing for
the emission (here, a vector of voltage U), the second, for
the reception (here a vector of currents ), to distinguish it
from the U~ U mode of [13], [14]. In this article we address
the problem of the underwater electro-navigation in confined
environments using this sensor. The proposed approach is
inspired by the observation of electric fish in nature. It exploits
the interactions of the sensor body with the electri field defor-
‘mations produced by the objects in its surrounding. It amounts
10 a set of reactive control loops whose parametrization allows
one to achieve relevant behaviors for underwater-robotics in a
robust manner with respect to the scene complexity.

Fig. 1. Fiom Voo der Ede [16): lop) The Afrcan Mommyride fish
Grathoners petersi, Goiom) Top view of e fsh busal cectrc el

The article s structured as follows. First we will briefly
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o Autonomie et garanties de performances

Milieu trés sensible
Stratégies de navigation différentes

- phases de la mission

- contraintes environnementales
Redondances

- sensorielle (capteurs et algos)

- d’actionnement (répartiteur)
Précisions requises contextuelles

-> Comment garantir le succes de la mission ?
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o Autonomie et garanties de performances

Localisation

Energie

\I/

Sécurité
Duree
Analyse des inducteurs de performance suivant 6 axes (AMDEC/Ishikawa).

Evaluation de la performance depuis les schémas d’exécution.
Ordonnancer pour garantir des marges de performance / niveaux d’autonomie




EUROPEAN PROJECT : ANZAR

Underwater Fresh Water Reactive Control and Real- Dual Profiling Sonars Acoustic Magnetic Positioning System Guaranteed Cartography
Spring Localisation Time Motion Planning Graph-SLAM using Aerial Drones (intervalist approach)
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