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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 !

MAÅGM origin

6 new use-cases… 

LOKI from ESEO

…and more dimensions to explore

…up to the Moon!



Why MAÅGM ?

cronym
nagram



Metrology
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Geosciences
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High-grade

Solutions

Discoveries
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Technological innovations

Partnered research

Services and solutions for dedicated sensing

Supplier of leading

scientific instrumentation

Sensor requirements for innovative science

Optical 

readout 

expertise

Innovative 

Geophysic 

Sensors

R&D , indust°, and production

=> Dual partnership strategy



Academic partnerships

o 2 CIFRE PhD

o 4 subcontractors

o 4 researsh partners

o 4 technological transfer

o 1 joint laboratory

o 4 MoUs / Coop Contracts

And strong
supports :



Commercial activities

NJORD LOKI
Station orientation tools
- Optical gyrocompass
- Tripod+laser alignemnt kit
- True North finder

Remote geoscientific optical sensors
- Optical interrogator
- Special cables
- Electronic-free sensors

- Geophone
- Seismometer
- Strainmeter 1C
- Strainmeter 6C
- Inclinometer
- Pressiometer
- Hydrophone
- Rotational 

seismometer
- …more to come!



Technology transfer

Developer
Manufacturer

Supplier

Specifier                      User

Co-developer NG Co-developer NG



Optical remote interrogator

Front panel Rear panel

Local Electronic-less Sensor
Internal Displacement:

High-precision Time-stamped
miniSEED geoscientific data

Down to 7 W
Up to 8 channels
>30km away!

- Motion
- Tilt
- Strain
- Pressure
- Rotation
- …

Inteferometric digitizer

This talk is
Not

about DAS!



Optical remote interrogator

Local Electronic-less Sensor High-precision Time-stamped
miniSEED geoscientific data

- Motion
- Tilt
- Strain
- Pressure
- Rotation
- …

D(t)

collimator coupler

Laser Modulation

GNSS 
disci-
plined
clock30km fiber

Internal Mirror Displacement

Electronic-less sensor



Optical remote interrogator

D(t)

collimator coupler
Detector

Laser

Synchronous 
demodulation

Modulation

GNSS 
disci-
plined 
clock

Kalman Filter

Phase estimation

30km fiber

OBU

- Motion
- Tilt
- Strain
- Pressure
- Rotation
- …

Internal Mirror Displacement

Local Electronic-less Sensor High-precision Time-stamped
miniSEED geoscientific data



Optical remote interrogator

Laser 

cavity

input

mesaure

reference



Optical remote interrogator

Front panel Rear panel



4G
www

GNSS

Power
8 Watt

Up to 50km fiber cable

(DAS compatible)

Electronicless
sensor

Electronicless
sensor

Optical remote interrogator



Strong heritage

LOKI <-> open-loop geophone

OBS Güralp

Frequency (Hz)          

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

Courtesy of P.Bernard

LOKI standalone on the buoy



Strong heritage

LOKI <-> open-loop geophone

STS2

Frequency (Hz)          

Seismology - 2019 Open-loop Geophone – LSBB (France)

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

Courtesy of P.Bernard



Strong heritage

LOKI <-> open-loop geophone

Trillium Compact

Frequency (Hz)          

Volcanology - 2020 Open-loop Geophone – La Souffrière

Seismology - 2019 Open-loop Geophone – LSBB (France)

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

Courtesy of P.Bernard

200 m cable in trench, Resistant 120°C
PTFE protection against acids of fumaroles



Strong heritage

Volcanology - 2020 Open-loop Geophone – La Souffrière

Seismology - 2019 Open-loop Geophone – LSBB (France)

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

Courtesy of P.Bernard & P.Ménard

OBS – 2022 Open-loop Geophone – Les Saintes

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

0.02-0.1 Hz 

Optical 

TDBSM 

⚫ 100 s 
Trilium 120s 

    TDBA



Strong heritage

Volcanology - 2020 Open-loop Geophone – La Souffrière

Seismology - 2019 Open-loop Geophone – LSBB (France)

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

Courtesy of P.Bernard & P.Ménard

OBS – 2022 Open-loop Geophone – Les Saintes

Mining/Geothermal – 2025 – Strasbourg (France)
M=7.6 Drake passage

Trilium 120 s  //  Optical Seismometer

Difference  1-2%  ,  in green  



Fit the need of borehole optic-only sensors for borehole

Fully passiveHeat resistant

• Housing 10cm diameter

• 3 components

• 60cm Height



Strong heritage

Courtesy of P.Bernard & P.Ménard

M=8.8 Kamtchatka earthquake – 29/08/25 

- BOS  H=200 m

- TRILLIUM 40 surface

MALALP 0.1 Hz 150 s

Volcanology - 2020 Open-loop Geophone – La Souffrière

Seismology - 2019 Open-loop Geophone – LSBB (France)

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

OBS – 2022 Open-loop Geophone – Les Saintes

Mining/Geothermal – 2025 – Strasbourg (France)

Seismology – 2025 – Corinth Rift (Greece)

Borehole optical seismometer  (“BOS”)

 in  the Corinth Rift Near Fault Observatory (NFO)



Strong heritage

Courtesy of P.Bernard & P.Ménard

Borehole optical seismometer  (“BOS”)

 in  the Corinth Rift Near Fault Observatory (NFO)

M=2.4 M=0.7

Optical geophone
Acts as
Broadband seismometer



Open-loop geophone
Fiber Strainmeter high-

resolution
Strainmeter 6C

Ocean Bottom System

● BREST 2018

● LES SAINTES (CARIBBEAN) 2022

Volcanology ● SOUFRIERE 2019
● STROMBOLI 2021

● STROMBOLI 2023

GeoThermal
● STRASBOURG 2025

Borehole 500m

Seismology
● LSBB 2019

Mining Monitoring ● SWEDEN 2023-2025

Strong heritage

Bernard et .al (2019)  Onland and offshore 

extrinsic Fabry–Pérot optical seismometer 

at the end of a long fiber. SRL

Bernard and al. (2024). High resolution seismometers and 

strainmeters at the termination of plurikilometric fibers: a 

new brand of fiber optic sensors for harsh environment



Open-loop geophone
Fiber Strainmeter high-

resolution
Strainmeter 6C

Ocean Bottom System

● BREST 2018

● LES SAINTES (CARIBBEAN) 2022

● PATRAS 2026 offshore buoy

Volcanology ● SOUFRIERE 2019
● STROMBOLI 2021

● STROMBOLI 2023

GeoThermal
● STRASBOURG 2025

Borehole 500m

Seismology
● LSBB 2019

Mining Monitoring ● SWEDEN 2023-2025

Develop new use-cases of LOKI

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



buoy

antenna

Optical interrogator LOKI (6W) solar pannels

+ batteries 12V

telemetry 

optic cable

 (no power)

GNSS

up to 50 km 

3-comp optical 

seismometer

(no power)

ocean bottom optical seismometer on a moored  buoy

for real-time offshore monitoring

Permanent real-time OBS with LOKI on a buoy



Open-loop geophone
Fiber Strainmeter high-

resolution
Strainmeter 6C

Ocean Bottom System

● BREST 2018

● LES SAINTES (CARIBBEAN) 2022

● PATRAS 2026 offshore buoy

Volcanology ● SOUFRIERE 2019
● STROMBOLI 2021

● STROMBOLI 2023

GeoThermal
● STRASBOURG 2025

Borehole 500m

Seismology
● LSBB 2019

Mining Monitoring ● SWEDEN 2023-2025

Develop new use-cases of LOKI

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



Open-loop geophone
Fiber Strainmeter high-

resolution
Strainmeter 6C

Ocean Bottom System

● BREST 2018

● LES SAINTES (CARIBBEAN) 2022

● PATRAS 2026 offshore buoy

Volcanology ● SOUFRIERE 2019
● STROMBOLI 2021

● STROMBOLI 2023

GeoThermal
● STRASBOURG 2025

Borehole 500m

Seismology
● LSBB 2019

● CORINTH RIFT 2026 borehole 200m

● CORINTH RIFT 2026 

borehole 200m

MiningMonitoring ● SWEDEN 2023-2025

Develop new use-cases of LOKI

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



Open-loop geophone
Fiber Strainmeter high-

resolution
Strainmeter 6C

Ocean Bottom System

● BREST 2018

● LES SAINTES (CARIBBEAN) 2022

● PATRAS 2026 offshore buoy

Volcanology ● SOUFRIERE 2019
● STROMBOLI 2021

● STROMBOLI 2023

GeoThermal
● STRASBOURG 2025

Borehole 500m

● LSBB 2026

Borehole 30m

Seismology
● LSBB 2019

● CORINTH RIFT 2026 borehole 200m

● CORINTH RIFT 2026 

borehole 200m

MiningMonitoring ● SWEDEN 2023-2025

Develop new use-cases of LOKI

- 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)



6C borehole strainmeter with compact scale 

Courtesy of J.Chery

Tetrahedral 6C
In a concrete sphere



Open-loop geophone
Fiber Strainmeter high-

resolution
Strainmeter 6C

Ocean Bottom System

● BREST 2018

● LES SAINTES (CARIBBEAN) 2022

● PATRAS 2026 offshore buoy

Volcanology ● SOUFRIERE 2019
● STROMBOLI 2021

● STROMBOLI 2023

GeoThermal
● STRASBOURG 2025

Borehole 500m

● LSBB 2026

Borehole 30m

Seismology
● LSBB 2019

● CORINTH RIFT 2026 borehole 200m

● CORINTH RIFT 2026 

borehole 200m

Mining Monitoring ● SWEDEN 2023-2025

Develop new use-cases of LOKI

- 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)



Open-loop geophone
Fiber Strainmeter high-

resolution
Strainmeter 6C

Ocean Bottom System

● BREST 2018

● LES SAINTES (CARIBBEAN) 2022

● PATRAS 2026 offshore buoy

Volcanology ● SOUFRIERE 2019
● STROMBOLI 2021

● STROMBOLI 2023

GeoThermal
● STRASBOURG 2025

Borehole 500m

● LSBB 2026

Borehole 30m

Seismology
● LSBB 2019

● CORINTH RIFT 2026 borehole 200m

● CORINTH RIFT 2026 

borehole 200m

Mining Monitoring ● SWEDEN 2023-2025

Develop new use-cases of LOKI

- 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



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

DAS

LOKI

fiberElectronic-less
sensor

mux

Remote
point 

sensing

Distributed 
sensing

Develop new use-cases of LOKI



Strainmeter 6C
Fiber Strainmeter high-

resolution
Open-loop geophone

● BREST 2018

● LES SAINTES (CARIBEAN) 2022

● PATRAS 2026 offshore buoy

Ocean Bottom System

● STROMBOLI 2021

● STROMBOLI 2023
● SOUFRIERE 2019Volcanology

● LSBB 2025

Borehole 30m

● STRASBOURG 2025

Borehole 500m
GeoThermal

● CORINTHE RIFT 2025 

borehole 200m

● LSBB 2019

● CORINTHE RIFT 2025 borehole 200m
Seismology

● SWEDEN 2023-2025MiningMonitoring

Develop new use-cases of LOKI

- 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)



Strainmeter 6C
Fiber Strainmeter high-

resolution
Open-loop geophone

● BREST 2018

● LES SAINTES (CARIBEAN) 2022

● PATRAS 2026 offshore buoy

Ocean Bottom System

● STROMBOLI 2021

● STROMBOLI 2023
● SOUFRIERE 2019Volcanology

● LSBB 2025

Borehole 30m

● STRASBOURG 2025

Borehole 500m
GeoThermal

● CORINTHE RIFT 2025 

borehole 200m

● LSBB 2019

● CORINTHE RIFT 2025 borehole 200m
Seismology

● SWEDEN 2023-2025MiningMonitoring

Offer new dimensions to explore

Rotational

seismometer

→

→

→



Strainmeter 6C
Fiber Strainmeter high-

resolution
Open-loop geophone

● BREST 2018

● LES SAINTES (CARIBEAN) 2022

● PATRAS 2026 offshore buoy

Ocean Bottom System

● STROMBOLI 2021

● STROMBOLI 2023
● SOUFRIERE 2019Volcanology

● LSBB 2025

Borehole 30m

● STRASBOURG 2025

Borehole 500m
GeoThermal

● CORINTHE RIFT 2025 

borehole 200m

● LSBB 2019

● CORINTHE RIFT 2025 borehole 200m
Seismology

● SWEDEN 2023-2025MiningMonitoring

Offer new dimensions to explore

Rotational

seismometer

→

→

→

Inclinometer

→

→

→

Pressiometer

→

→

→



Objectives
Evaluate an innovative real-time remote instruments panel

building a Proof of Concept of Tsunami Early Warning System

SAMUDRA project

Submarine Alert Monitoring Using 

Dedicated Remote Advanced sensors



Canopus

SAMUDRA instrument pannel

DAS relative strain rate

Pressure, current, salinity, T°C

LOKI sensors : Seismometer

  Accelerometer

  Pressiometer

  Hydrophone

  Strainmeter

  Inclinometer
OBU

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

DTS temperature

Pressiometer

Seismometer

Hydrophone

ROB

Accelerometer

Strainmeter

Inclinometer

Shore station:



Canopus + ROB

Hydrophone

Pressiometer

Broadband seismometer

SAMUDRA : LOKI instrument pannel



LOVBB project
Lunar Optical Very Broad Band



Context: Planetology

Apollo
1972-1977
➔Moon

2018-2022
➔Mars

FSS - CLPS
2026
➔Moon

LOVBB
2030
➔Moon

Capacitive readout Capacitive readout Capacitive readout Optical readout



Hydrophone

Pressiometer

Broadband seismometer

Planetory
seismometer

6C local
strainmeter

1C long base 
(2-20m)
strainmeter

Rotational seismometerInclinometer



Bernard et al.

Sept-Oct 

2021

Sept 2022 to 

2024 

Sept-Oct 2021

Sept 2022 to 2024 

FIBER  STRAIN

TILT -  OHO

major explosion  Oct 6, 2021

Precursor 2min before 

LOKI looking at precursors on the Stromboli volcano



Paroxysmal explosion , July 11
th

, 2024, Stromboli

LOKI looking at precursors on the Stromboli volcano



Paroxysmal explosion , July 11
th

, 2024, Stromboli

LOKI looking at precursors on the Stromboli volcano



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



Annexes

Only if needed



LOKI specification



LOKI specification
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