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VAR Summary

Good reasons to be there

Starting with a strong heritage
Develop further and cross-fertilize
Expand the scope with more sensors

and more locations !

MAAGM origin

LOKI from ESEO
6 new use-cases...
...and more dimensions to explore

...up to the Moon!



VAL Why MAAGM ?

cronym
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VARG MAAGM’s associates

Paul-Eric Pottie, PhD Damien Ponceau Hervé Lefevre, PhD
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VAL MAAGM ‘s team

Executive & Scientific Technologic Operation Financial
CEO&CSO CTO COO CFO

Frédéric Guattari Olivier Robert, PhD Vincent Leray Hugo Hajaali

R&D engineer PhD @ IPGP PhD @ ESEO
Anthony Bercy, PhD Alban Leleux llyes Daddy



NA \4 Supplier of leading

Technological innovations scientific instrumentation

Optical Innovative
readout Geophysic
expertise Sensors

NAI\7

R&D , indust®, and production

‘ £ @& '

Partnered research
Services and solutions for dedicated sensing

Sensor requirements for innovative science

=> Dual partnership strategy



And strong

VANSM Academic partnerships supports :

N
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o 2 CIFRE PhD W.‘));’L ) ohFS
1IPGP LOIRE

o 4 subcontractors ke m{':,% PG LAUM .

—

‘6.\ ATLANPOLE
o Land of innovation

2

o 4 researsh partners

o 4 technological transfer LE MANS
o 1 joint laboratory le mans,* *
innovation

@sdences
o 4 MoUs / Coop Contracts




VANGM Commercial activities

NJORD LOKI
Station orientation tools Remote geoscientific optical sensors
m - Optical gyrocompass GSGO - Optical interrogator
— - Tr|p0d+laser-allgnemnt kit y)‘\ - Special c.ables
Sl - True North finder ~ - Electronic-free sensors
1IPGP

- Geophone
- Seismometer

- 4§ ‘ - Stra?nmeter 1C
RN - Strainmeter 6C
cpe el - Inclinometer

2 - Pressiometer
‘ " ' <V Hydrophone
rve NoY Rotational
seismometer

...more to come!




VAAM Technology transfer
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wioM - Optical remote interrogator

Inteferometric digitizer

Local Electronic-less Sensor
Internal Displacement:

High-precision Time-stamped
MiniSEED geoscientific data

- Motion

- Tilt Downto 7 W

- Strain Up to 8 channels
- Pressure >30km away!

- Rotation

Front panel Rear panel



wioM - Optical remote interrogator

Local Electronic-less Sensor

- Motion
- Tilt

- Strain

- Pressure
- Rotation

Internal Mirror Displacement

collimator

D(t)

Electronic-less sensor

30km fiber

coupler

1

Laser

High-precision Time-stamped
MiniSEED geoscientific data

A

GNSS
disci-
plined
clock

Modulation /




wioM - Optical remote interrogator

Local Electronic-less Sensor

- Motion
- Tilt

- Strain

- Pressure
- Rotation

Internal Mirror Displacement

collimator

D(t)

OBU

30km fiber

coupler

1

High-precision Time-stamped

MiniSEED geoscientific data

Phase estimation

4

A

Kalman Filter

4

T

Detector -» Synchrono.us
demodulation
Laser |« Modulation

GNSS
disci-
plined
clock




wioM - Optical remote interrogator

LOKI: interrogator for interferometric sensor Optical geophone

Fiber end fresnel

\ Fiber Optic Circulator reflection / Mirrar
LASER dicde

LOKI
system Bhotodiode /_ P!]urgigcl-azilllnéqggc g I '||} v \lf 'I,f

‘\ Collimator

input
reference

mesaure : Laser

cavity



waM - Optical remote interrogator

Versatile SeedLlink Low power GNNS Dfscrp lined

"Q:'
» "%

Front panel Rear panel

Fully passive Omni-tilt Expendable Heat resistant

@ o~ &




wioM - Optical remote interrogator

Electronicless
sensor

(DAS compatible)

(( )) - '—n‘
28 T Up to 50km fiber cable

)

Electronicless
sensor




WM Strong heritage

OBS - 2018 - Open-loop Geophone — Brest (France)

LOKI standalone on the buoy (d)1 105 e . —
' ——0OBS Goralp
110 . ——ESEO-IPGP|-
ﬁ,u'u' I"L'f h
& 1000 mﬁ.ﬂfmm W
- 10{:—3::'" S
> |
[— 1{] -
% LOKI <-> open-loop geophone
o 1 OBS Giiralp i ]
0.1} -
0.01 —
107" 10°
Frequency (Hz)

Courtesy of P.Bernard



WM Strong heritage

—~ ———————0OBS5—2018 - Open-loop Geophone — Brest (France)

Seismoliogy - 2019 Open-loop Geophone — LSBB (France)

.Iﬂm | -:--__.-- '-_'-\,_\.1.\...\-\. r.--l-_.-' |
- k. _.-"'-
-~ Ml.\_
. 100 e
o LOKI <-> open-loop geophone
|
— STS2
0
-
= 10
1 &
0.1 — e R —
107" 10" 10"

Courtesy of P.Bernard Frequency (H z)



WM Strong heritage

OBS - 2018 - Open-loop Geophone — Brest (France)
Seismology - 2019 Open-loop Geophone — LSBB (France)

1.10 | | Volcanology - 2020 Open-loop Geophone — La Souffriere
1.10%
1000
L
T 100
= ANy
- 10 F ey
LOKI <-> open-loop geophone
(| 4 pen-loop geophone — .
TnIhym Compact ——LKG | ) _ S S
o1p — NLNM |- 1200 m cableinitrench, Resistant 120°C ™
--—- NHNM .+ PTFE protection a‘:g'ain_gt-‘aciafs;pf fumaroles .~ @
0.01 - A . L 1 e :
1072 107 10"

Frequency (Hz)

Courtesy of P.Bernard



WM Strong heritage

OBS - 2018 - Open-loop Geophone — Brest (France)
Seismology - 2019 Open-loop Geophone — LSBB (France)
Volcanology - 2020 Open-loop Geophone — La Souffriere
OBS — 2022 Open-loop Geophone — Les Saintes

° Haiti 2021 M7.2 - Velocity - N26°, filter

Trilium 120s
TDBA

[mis]

Optical
TDBSM

[mis]

Courtesy of P.Bernard & P.Ménard
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WM Strong heritage

OBS - 2018 - Open-loop Geophone — Brest (France)
M 7.4 - DRAKE PASSAGE - 225 km SSE of Ushuaia, Argentina - 2025-05-02 12:58:27.5 UTc ~ Seismology - 2019 Open-loop Geophone — LSBB (France)

Projection de la vitesse TRILLIUM 120QA traduite en déplacement de masse mobile sur la voie 1 du BOS en forage
Passe-haut: 0.04 Hz - Passe-bas:0.09 Hz - Longitude GHIP1:¢ =56.3° - Latitude GHIP1:m/2-6=27° - F .\
Angle GHIP1/GHIP2 = 89.5° - Angle GHIP1/GHIPS = 938° - Angle GHIP2GHIPS - 872« VOlICanology - 2020 Open-loop Geophone —La Souffriere

4
M=7.6 Drake passage OBS — 2022 Open-loop Geophone — Les Saintes
Trilium 120 s // Optical Seismometer Mining/Geothermal — 2025 — Strasbourg (France)
Difference 1-2% , in green - niveau 0 (sol)
]
2 top ciment
a2zsm
casing 30" forage
90 m - sabot 30"
casing 20" forage
126.5m - sabot 20"
01 forage
casing 13"3/8
. 450 m - top ciment .
" 508.8m - sabot 13"3/8 dpalsseur 201,5m
-2 forage
casing 7"
‘épaisseur 50m
C t S 1513 m - sabot 7" Bridge Plug; 1498 m
Our —Projectlé 3 ;
» I—Erreur de ;"’ :3. < forage 6" 1/4
A A I e Y
& 0 D ' NG g Ny Ny & " 0 " L 0 N 3

Temps UTC le 2025-05-02 - Seett - Fond duforage 3 1643 m



MANGM  Fit the need of borehole optic-only sensors for borehole

* Housing 10cm diameter
« 3 components
* 60cm Height




WM Strong heritage

OBS - 2018 - Open-loop Geophone — Brest (France)

Borehole optical seismometer ("BOS”) Seismology - 2019 Open-loop Geophone — LSBB (France)
in_the Corinth Rift Near Fault Observatory (NFO) Volcanology - 2020 Open-loop Geophone — La Souffriere
AeerES - Region OFF EAST COAST OF KAMCHATKA - Date time : 2025.07-29 2324514 UTC_ OBS — 2022 Open-loop Geophone — Les Saintes
= CLNAE At on st Mining/Geothermal — 2025 — Strasbourg (France)
M=8.8 Kamtchatka earthquake — 29 08/2.% Seismology — 2025 — Corinth Rift (Greece)
il |
- TRILLIUM 40 surface M f M
o 0 AR e benaAnAn,rAAAN H ﬂ
fé A AATA U V‘ U !. U NAFP_MALA M ath,as'fau!t Newt optu;atlltms:rumﬁnts
.| _BOS H=200m | == N IS | e
v s gl : o borghole seismqmeter E
10 38?4N- ' : K it | E
UP 0.1 Hz 150 s MALA
=20 ’ > :
- | - - - : SRl =
325 35.0 gszs ) 40.0 425 10 km' 3}2 \;_ 4
CRL instAruments~ i Psathopyrgos f.
© borehole strainmeter
¢ GNSS station l : .
¥ seismic station Psatho;z));rgos fault (Pleé)ZE

Courtesy of P.Bernard & P.Ménard




WM Strong heritage

Borehole optical seismometer (“BOS”)

in the Corinth Rift Near Fault Observatory (NFO

Optical geophone
Acts as
Broadband seismometer
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Magnifying discoveries

'Aﬁw Strong heritage

Fiber Strainmeter high-
resolution

Open-loop geophone Strainmeter 6C

» BREST 2018
Ocean Bottom System « LES SAINTES (CARIBBEAN) 2022

- STROMBOLI 2021
Volcanology * SOUFRIERE 2019 - STROMBOLI 2023

» STRASBOURG 2025

GeoThermal
Borehole 500m
: » LSBB 2019
Seismology
Mining Monitoring » SWEDEN 2023-2025
Bernard et .al (2019) Onland and offshore Bernard and al. (2024). High resolution seismometers and
extrinsic Fabry—Pérot optical seismometer strainmeters at the termination of plurikilometric fibers: a

at the end of a long fiber. SRL new brand of fiber optic sensors for harsh environment




pim Develop new use-cases of LOKI

Magnifying discoveries

Fiber Strainmeter high-

: Strainmeter 6C
resolution

Open-loop geophone

» BREST 2018
Ocean Bottom System « LES SAINTES (CARIBBEAN) 2022
o PATRAS 2026 offshore buoy

» STROMBOLI 2021

Volcanology » SOUFRIERE 2019 . STROMBOLI 2023
GeoThermal » STRASBOURG 2025
Borehole 500m
: » LSBB 2019
Seismology
Mining Monitoring » SWEDEN 2023-2025

- Permanent real-time OBS with LOKI on a buoy (IPGP)




'A M Permanent real-time OBS with LOKI on a buoy
ocean bottom optical seismometer on a moored buoy )))\\

for real-time offshore monitoring
antenna  GNSS

telemetry

D T

Optical interrogator LOKI (6W) —
buoy

1IPGP

solar pannels
+ batteries 12V

optic cable

3-comp optical
(no power) iy

seismometer
(no power)

A
v

up to 50 km



pim Develop new use-cases of LOKI

Magnifying discoveries

Fiber Strainmeter high-

: Strainmeter 6C
resolution

Open-loop geophone

» BREST 2018
Ocean Bottom System « LES SAINTES (CARIBBEAN) 2022
o PATRAS 2026 offshore buoy

» STROMBOLI 2021

Volcanology » SOUFRIERE 2019 . STROMBOLI 2023
GeoThermal » STRASBOURG 2025
Borehole 500m
: » LSBB 2019
Seismology
Mining Monitoring » SWEDEN 2023-2025

- Permanent real-time OBS with LOKI on a buoy (IPGP)




waM Develop new use-cases of LOKI

BREST 2018
Ocean Bottom System LES SAINTES (CARIBBEAN) 2022
PATRAS 2026 offshore buoy

STROMBOLI 2021

Volcanology SOUFRIERE 2019 STROMBOLI 2023
GeoThermal STRASBOURG 2025
Borehole 500m
Seismolo LSBB 2019 CORINTH RIFT 2026
9y CORINTH RIFT 2026 borehole 200m borehole 200m
MiningMonitoring SWEDEN 2023-2025

- Permanent real-time OBS with LOKI on a buoy (IPGP)
- Adress the need for optic-only borehole sensors (IPGP)



waM Develop new use-cases of LOKI

BREST 2018
Ocean Bottom System LES SAINTES (CARIBBEAN) 2022
PATRAS 2026 offshore buoy

STROMBOLI 2021

Volcanology SOUFRIERE 2019 STROMBOLI 2023
GeoThermal STRASBOURG 2025 LSBB 2026
Borehole 500m Borehole 30m
Seismolo LSBB 2019 CORINTH RIFT 2026
9y CORINTH RIFT 2026 borehole 200m borehole 200m
MiningMonitoring SWEDEN 2023-2025

- Permanent real-time OBS with LOKI on a buoy (IPGP)
- Adress the need for optic-only borehole sensors (IPGP)
- 6C borehole strainmeter with compact scale (Géosciences Montpelliers)



VANM  6C borehole strainmeter with compact scale

Full tensor borehole strainmeter cnrs 13039-01 Tetrahedral 6C

In a concrete sphere

‘ Optoelectronic Pressurization
system Surface 4 Borehaole wall
F’ressurizart'iinn Optical
pe Fibers Grout
- Borehole
6 Compliant
Mechanical
»* Amplifiers
(CVA)
Bedrock
Strain £
Au
* ‘“r h
= e Reference e
element --7
Depth: 30m —————7 g7 (zerostrain)
Straing _ ¢/ [/ ~ /7 11 fnn T T-===== ‘Q_D_C;'i ————————— =

Courtesy of J.Chery



waM Develop new use-cases of LOKI

BREST 2018
Ocean Bottom System LES SAINTES (CARIBBEAN) 2022
PATRAS 2026 offshore buoy

STROMBOLI 2021

Volcanology SOUFRIERE 2019 STROMBOLI 2023
GeoThermal STRASBOURG 2025 LSBB 2026
Borehole 500m Borehole 30m
Seismolo LSBB 2019 CORINTH RIFT 2026
9y CORINTH RIFT 2026 borehole 200m borehole 200m
Mining Monitoring SWEDEN 2023-2025

- Permanent real-time OBS with LOKI on a buoy (IPGP)
- Adress the need for optic-only borehole sensors (IPGP)
- 6C borehole strainmeter with compact scale (Géosciences Montpelliers)



waM Develop new use-cases of LOKI

BREST 2018
Ocean Bottom System LES SAINTES (CARIBBEAN) 2022
PATRAS 2026 offshore buoy

STROMBOLI 2021

Volcanology SOUFRIERE 2019 STROMBOLI 2023
GeoThermal STRASBOURG 2025 LSBB 2026
Borehole 500m Borehole 30m
Seismolo LSBB 2019 CORINTH RIFT 2026
9y CORINTH RIFT 2026 borehole 200m borehole 200m
Mining Monitoring SWEDEN 2023-2025

- Permanent real-time OBS with LOKI on a buoy (IPGP)

- Adress the need for optic-only borehole sensors (IPGP)

- 6C borehole strainmeter with compact scale (Géosciences Montpelliers)
- Complement Distributed (=DAS) and Local (=LOKI) measurements



waM Develop new use-cases of LOKI

Complement Distributed (=DAS) and Local (=LOKI) measurements

Electronic-less fiber
sensor DAS
IIII
mux
LOKI
R
em'ote Distributed
point :
sensing

sensing



waM Develop new use-cases of LOKI

BREST 2018
Ocean Bottom System LES SAINTES (CARIBEAN) 2022
PATRAS 2026 offshore buoy

STROMBOLI 2021

Volcanology SOUFRIERE 2019 STROMBOL| 2023
GeoThermal STRASBOURG 2025 LSBB 2025
Borehole 500m Borehole 30m
Seismolo LSBB 2019 CORINTHE RIFT 2025
9y CORINTHE RIFT 2025 borehole 200m borehole 200m
MiningMonitoring SWEDEN 2023-2025

- Permanent real-time OBS with LOKI on a buoy (IPGP)

- Adress the need for optic-only borehole sensors (IPGP)

- 6C borehole strainmeter with compact scale (Géosciences Montpelliers)

-  Complement Distributed (=DAS) and Local (=LOKI) measurements (call for interest in a joint project)



Magnifying discoveries

Ocean Bottom System

Open-loop geophone

» BREST 2018
o LES SAINTES (CARIBEAN) 2022
» PATRAS 2026 offshore buoy

Fiber Strainmeter high-
resolution

Strainmeter 6C

'Aﬁw Offer new dimensions to explore

» STROMBOLI 2021

Rotational
seismometer
9
9
9

Volcanology » SOUFRIERE 2019 . STROMBOL| 2023
GeoThermal » STRASBOURG 2025 » LSBB 2025
Borehole 500m Borehole 30m
Seismolo » LSBB 2019 o CORINTHE RIFT 2025
9y » CORINTHE RIFT 2025 borehole 200m borehole 200m
MiningMonitoring » SWEDEN 2023-2025




Magnifying discoveries

'Aﬁw Offer new dimensions to explore

Fiber Strainmeter high- : : : R ional
: Strainmeter 6C Pressiometer  Inclinometer ML

Open-loop geophone

resolution seismometer
+ BREST 2018
Ocean Bottom System + LES SAINTES (CARIBEAN) 2022 -> > >
+ PATRAS 2026 offshore buoy
Volcanology + SOUFRIERE 2019 : gggmggt: ggg; - - -
GeoThermal + STRASBOURG 2025 + LSBB 2025
Borehole 500m Borehole 30m
. + LSBB 2019 + CORINTHE RIFT 2025
Seismology + CORINTHE RIFT 2025 borehole 200m ~ borehole 200m - - -
MiningMonitoring » SWEDEN 2023-2025 ii

ENS




Dedicated Remote Advanced sensors

Mo Vl SAMUDRA project
n\\J Submarine Alert Monitoring Using @

Objectives

Evaluate an innovative real-time remote instruments panel

building a Proof of Concept of Tsunami Early Warning System

ot BRIN /))é\\ J =

e Recherche
- pour le Développement B KG
lPGP FRANCE

%g NA ’\4 e {d |I




SAMUDRA instrument pannel

O DTS temperature
O DAS relative strain rate
@ Pressure, current, salinity, T°C

@ LOKl sensors:

Seismometer.

W‘ Pressiometer

Seismometer

g;JGNSS ‘

Inputs:
End of cable easier to access
Y junction much simpler on end cable




VAV SAMUDRA : LOKI instrument pannel
\J

Broadband seismometer

RBReancerts”?

Canopus + ROB

i ' \ » ‘ T
i. Département de Hyd rophone (( .\ F

Ny GESSCIENCES 4 il ¥,

Pressiometer .



VA LOVBB project ~
N\J Lunar Optical Very Broad Band

LOVBR




"/ Context: Planetology

Apollo YN SCIS FSS - CLPS LOVBB
1972-1977 2018-2022 2026 2030

= Moon = Mars = Moon =» Moon
Capacitive readout Capacitive readout Capacitive readout Optical readout



1C long base % GSGO
NA \4 (2-20m) i '_,
Stra“1n1eterﬂwﬁffififf"

6C local
e = strainmeter

'
Broadband seismometer "o

rence l‘_--"‘u'
nent -
1rain) L
= e @ Montpellier

GRANDE ECOLE D'INGENIEURS \\

Collimators

IR

h2
L L 1PGP
= r Déeartement de H Yd ro p h O N e
-200m GEL/SCIENCES
Deeartement de L, i L
GEL/SCIENCES Pressiometer NAATM T T
AN, . = F,

Inclinometer Rotational seismometer



VAR

Northing [m]
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Bernard et al.
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Sept 2022 to

LOKI looking at precursors on the Stromboli volcano

2021 279 10:51:04.533 11:30 12:00 12:30 13:00 13:30 14:00 14:30
I T T T T T T T T

15:00

021

15:30
| T

major explosion Oct 6,

2021 279 10:51
ID: ESEO C: BB
RMS = 354.4

141

FIBER STRAIN

TILT - OHO

2021 279 13:59
ID: OHO C: Y
RMS = 0.2

Precursor 2min before

L I
2021 279 14:10:40.211

14:12 14:13 14:14 14:15 14:16 14:17 14:18 14:19 14:20



VA

”~
A
I\\J

LOKI looking at precursors on the Stromboli volcano

th

Paroxysmal explosion , July 11 , 2024, Stromboli

Strain/tilt data for paroxysm nr:l;rzﬂzrﬂm?fll

C - B
LOT e OHO radial —— SOHO radial
. -5
0
E B 4
% B 3
T
= - 2
=
0 - 1
- 0
E le=—4
= E 15F- geiemic station
S = 0.0 i b e it ——
oo
58 -15} . . . .
- 11:30 11:40 11:50 12:00 12:10 12:20 12:30

Time [hh:mm] on 2024/07/11

Ground strain (pstrain)



LOKI looking at precursors on the Stromboli volcano

th
Paroxysmal explosion , July 11 , 2024, Stromboli

NAI\ 7\4

T T e e e e = Tl o i H e W P TR W

_ - \

: \
. =5 - R A == = AL
u JiS=NN" pun pun "I pun pum TR == B - e = = e S T

. | e

-




Curious about what we've done with LOKI, and what we could achieve together? Happy to discuss with you !
frederic.guattari@maagm.com
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VALOM  Annhexes

Only if needed



VANM LOKI specification

4-Channels 8-channels

Collimator to target Short base Long base Short base Long base
distance (0-1cm) (1-5m) (0-1cm) (1-5m)
Reference LOKI-4S LOKI-4L LOKI-8S LOKI-8L
Power consumption 8 Watts 12 Watts
Optical source 1310 nm 1550 nm 1310 nm 1550 nm
Max Datarate 2 kHz 1 kHz

flax sensor 30 km 10km | 15km 5 km

distance



Physical characteristics

VAXM LOKI specification

Dimensions: Electronic box 250x160x60mm 2kg
Dimensions: Optic box 250x160x130mm 2kg
Flight case integrating the 475mmx607mmx275mm 15 kg

full system

Operational features

Power supply

11 - 36 V (external fuse 2A)

Configuration user

Web interface TCP/IP - Signal viewer included

Configuration admin

USB - Serial 115200 Baud or SSH

Environment monitoring

T°C 4 channels (24bit @ 1Hz) - Pressure + T°C (24bit @ 1Hz)

Internal monitoring

V & I supplied (12bit @ 1Hz) - PPS status - Memory Free Space%

Pannel checking

LED laser status - 1 LED per channel

Data storage and access

31 Go internal - SEED link server embedded - STEIM 2 - miniSEED

Data retrieval

USB - SSH - SEEDIink request — Real-time Streaming

Remote configuration

VPN access allowing full configuration and maintenance remote

Time stamping

Internal GNSS antenna and receiver & TCXO 0.5ppm & NTP

Datarate

GNSS Disciplined - Configurable : 1Hz - 1kHz
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