BERIEITﬁ;rlé @ST'CC

Robotique d’Exploration en milieu
confiné noyé :

Exploration Karstique,

,‘ les besoins en nouveaux capteurs
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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

%
e
. from rground

Groundwater
table

o Characterized by underground drainage hydrosystems with
sinkholes and caves.
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KARST : GROUNDWATER MANAGEMENT, A NATIONAL ISSUE

y
......

+ 50% of Drinking Water Supply

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

Coordinator H. Jourde

RS

Carte hydrogéologique des formations carbonatées karstifiables (EASAC report)
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UNE SECHERESSE CRITIQUE S'INSTALLE
DANS LE BASSIN MEDITERRANEEN

» Dans toute la région, le déficit de pricipitations devient peu d peu la norme
» Les offets sur agriculture ot Nalimentation en cau potable sont rapides ot importants
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MONTPELLIER’S CATCHMENT BASIN : A SEMINAL CASE STUDY
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SOURCES DU LEZ : A SEMINAL CASE STUDY
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Source du Lez, Simplifyed Topography

Mazzilli, 2011. Original topography by P. Rousset (G.E.P.S. diving group, 1972)
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SOURCES DU LEZ : ACTIVE MANAGEMENT OF GW RESOURCE

"' Source du Lez, Simplifyed Topography *

Mazzilli, 2011. Original topography by P. Rousset (G.E.P.S. diving group, 1972)
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A EUROPEAN CONCERN

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




KKARST : GROUNDWATER RESERVOIR

Pedro Balordi a




RKE : GLOBAL PRINCIPLES
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THE RKE INITIATIVE : THE CHALLENGES

O New Sensors Development
e Acoustic Skin
e Active Umbilical

o Navigation
e Glob Nav Syst

e n-D Acoustic, Int. Grid 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
e 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)
THE RKE INITIATIVE : FORCES AT WORK D. Laux (IES)
M. Alarab (Thése)

O New Sensors Development

e Acoustic Skin

5 « Obstacled Cuve Réseau de Portique de
détecter d'expérimentation capteurs déplacement

Réseau de
capteurs

Effet des particules
en suspension

Réflexions et
réverbération

* Prédiction de la portée
de 'onde

* Estimation des

caractéristiques d'un

milieu (Qualité de l'eau)

* Bibliographie

* Simulation k-wave
* Tests en piscine

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

* Architecture du réseau

* Stratégie de
recrutement

* Electronique associée

o e
St lat :
Protocol* | DoMEd [

Time of Arrival Sensor (piezotech)




THE RKE INITIATIVE : FORCES AT WORK

O New Sensors Development

A. Vena (IES)
N. Troesch (PFE EPUM)

e Active Umbilical (localisation and communication)

o Détection of Stationnary waves in single wire (fil d’ariane)

o Communication/localisation with Burst / Ping

Cable

Oscilloscope

Cable

A

Station de base

o i o

AT =Tb-Ti- Délai

D=cx AT

amperometric clamp
(pince amperemétrique)




. 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)

Profil d’enveloppe : Source St-Antoine Toulon
}
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Siphon 1 ‘Siphon 2 }
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Experimentation in the St Antoine spring (Toulon)




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

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

o Cartographie garantie, analyse par intervalles

Guaranteed inner region




THE RKE INITIATIVE : FORCES AT WORK

o Cartographie garantie, analyse par intervalles

O Recalage par UG-GPS (ISSKA, localisation magnétique) ‘

Evolution de I'incertitude de positionnement

—




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




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

O Locomotion anguilliforme et Sens électrique

Underwater reflex navigation in confined
environment based on electric sense
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THE RKE INITIATIVE : FORCES AT WORK

o New Sensors Development

e Acoustic Invariant interference pattern -> Acoustic SLAM

Sinusoidal acoustic source







THE RKE INITIATIVE : FORCES AT WORK

o New Sensors Development

e Acoustic Invariant interference pattern -> Acoustic SLAM

Saillant acoustic maxima Detected acoustic maxima




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)

THE RKE INITIATIVE : FORCES AT WORK B Mohammad: (MAG)

L. Lapierre (LIRMM)

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

Environment (karst)
surface €
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e Acoustic SLAM (3) : Graph SLAM and loop closure detection...




THE RKE INITIATIVE : FORCES AT WORK S. Rohou (ENTSAB)

L. Lapierre (ENSTA B)

o Navigation
e Acoustic SLAM with helicoidal constraints
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Inertial Measurement Unit| i
(Ellipse D @SBG) [ R

Horizontal Profiling Sona
(Ping 360 @BlueRobotics

Vertical Profilng Sona
(SeaKing @Tritech)

IHM, Embedded Computer

©

M Dive Angel @Syera & Reeds
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UNDERW\TER PHOTOGRAPHY




TERRAIN RESULTS: FONTAINE DE NimES, 8/03/2023
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TERRAIN RESULTS: FONTAINE DE SAUVE, 24/05/2023
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TERRAIN RESULTS: SOURCE DU LEZ, 15/03/2023
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TERRAIN RESULTS: FONTANILLES, 15/03/2023
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A VENIR : PORT MIOU, UN SITE PILOTE
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COUPE DEVELOPPEE

Topo CRPS /FFESSM mai 1992
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