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DAS – DTS – DSS ???    

Optical fiber as “distributed sensors” has several acronyms or declination

•Distributed measurements for temperature (DTS, Raman, Brillouin scattering)  

•quasi-static strain (DSS Brillouin scattering)

•dynamic strain or acoustic sensing (DAS, Rayleigh scattering)

Not speaking about discrete optical fiber sensors or deported sensors



The DAS setup
• The DAS interrogator comes out of the shelve (oil industry)

• Connection on one end of the optical fiber, no need for a terminator device

Credit: FebusOptics, Silixa, Lindsey, N.J., Rademacher, H. and Ajo-Franklin, J.B., 2020 

(size < nm)

DAS overview



Credit: FebusOptics, Silixa, Lindsey, N.J., Rademacher, H. and Ajo-Franklin, J.B., 2020 

• The DAS interrogator comes out of the shelve (oil industry)

• Connection on one end of the optical fiber, no need for a terminator device

with GPUs

The DAS setup
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A few words about the method

The method is know as Optical Time Domain Reflectometry (OTDR)

 

•DAS uses intensity and light phase

•DAS technological solutions varies among constructors  (e.g. some records two polarizations to 

manage fading effect)

•DAS uses mostly Single Mode Fiber (SMF), but MMF are ok on short distances

•DAS uses standard telecom SMF but dedicated fibers with enhanced diffracting capabilities are 

sometime used

DAS overview: method



X2 – X1 = Lg = Gauge length
dt = pulse rate (kHz)
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• The strain is proportional to the phase difference as:

• The DAS is sensitive only, at first order, to longitudinal fiber extension/shortening
 
• We can neglect temperature variations, perpendicular strain, pressure effects

DAS overview: method



DAS overview: method

DAS measures difference of motion (strain)
along the fiber,  « almost » like seismometer

Two seismometers
record the displacement



Nous n’enregistrons pas le mouvement qui n’est 
plus parallèle à la fibre, 

contrairement aux sismomètres

DAS overview: method

DAS does not measure difference of motion
perpendicular to the fiber unlike seismometer

Two seismometers
record the displacement



Parameters to acquire data are:
 
•Pulse Rate Frequency (PRF), the frequency at which the laser pulse is sent
      The higher, the better but fiber length gives the upper limit (1/PRF < 2L/C)

•Laser pulse power (typically <30db)

•Laser pulse width, converted in distance (typically <GL/2)

•Phase sampling-rate, time converted into distance (typically 10-30cm)
•Gauge length (1m < GL <100m)
The longer the better for SNR, but record only wavelength > GL

•A time derivation is applied to eliminate effect of spurious cycle skip

•Decimations are then applied for both spatial and temporal sampling

•Typical values:    PRF 1KHz, GL 5m, derivation 5ms, output @ 250Hz every 2m

DAS overview: method



Processing issues
 
•Gauge length, fading
•Cable coupling to the ground
•calibration of gain
•Localization of the fiber location
•Unidirectional sensitivity complicates local wave discrimination

Highlights
• DAS Interrogates fiber as long as 80km/150km
• Very dense sensor distribution BUT unidirectional
• Poor SNR
• Poor dynamic range

DAS overview: method



A DAS: for what purposes?
The DAS IRIS Research Coordination Network (RCN) has created several working groups:

•Energy technology and CO2 monitoring
•Earthquake and array seismology
•Urban seismology
•Engineering infrastructure
•Hydrology
•Geomorphology
•Cryosphere
•Volcanic and Seismic Hazard monitoring
•Geotechnical
•Marine geophysics

                 In geophysics, the DAS take advantage of existing Telecommunication fibers

DAS overview

+ intrusion detection
+ pipeline monitoring



Marine geophysics: cable distribution over oceans

https://www.submarinecablemap.com/

DAS overview: focus on marine 
geophysics 

https://www.submarinecablemap.com/


The ABYSS project (D. Rivet Geoazur, Nice)
Early Warning along the Chilean subduction zone

Van den Ende, M., Trabattoni, A., Baillet, M., & Rivet, D. (2024). An analysis of the dynamic 
range of distributed acoustic sensing for earthquake early warning.

DAS overview: focus on marine 
geophysics 



The ABYSS project (D. Rivet Geoazur, Nice)
Early Warning along the Chilean subduction zone

Vernet, C., Trabattoni, A., Baillet, M., van den Ende, M., & Rivet, D. (2025). Imaging the sediment cover offshore central Chile with surface wave dispersion and P Wave conversion using distributed acoustic sensing. ‐ ‐
Journal of Geophysical Research: Solid Earth, 130(7), e2024JB030507.

DAS overview: focus on marine 
geophysics 



Out of use Câble telecom cable from Monaco to Savone. 
140 km + DAS = 14 000 seismo-acoustics sensors

Ligurian fault system
Star = 1887 earthquake epicenter
(Larroque et al, 2012)

Project: DAS-Ligure

DAS overview: focus on marine 
geophysics 



Earthquake and array seismology:  aftershock of “Le Teil” 2019 M.5.3 earthquake

Close to a M5 earthquake THD commercial telecom fiber network 
 https://www.ardechedromenumerique.fr/   

DAS overview: focus on inland seismology 

https://www.ardechedromenumerique.fr/


Earthquake and array seismology: La Chapelle (Savoie) Maurienne 2017-2018 seismic swarm

                        A 9km long fiber from the Maurienne valley to St François Longchamp ski resort

DAS overview: focus on inland seismology 



Urban seismology: risk assessment, structure monitoring, mobility monitoring
                                   recording along a 7km long fiber in Grenoble city

DAS overview: focus on inland seismology 



Notice that I do not show the map for our departement…

There are hundreds of kilometers of fiber that could be interrogated,
to monitor

•  
• Landslides
• Earthquakes
• Rock fall

When the fiber is operated by « collectivités locales », we have access to the 
fibers (e.g. Grenoble, Annecy urban areas)

However, the big commercial operators are not yet prepared, nor 
interested, in working with scientific institutions, although a non negligible 
part of the fiber funding is public

Carte Fibrea 2019

Commercial telecom fibers in Savoie & Haute-savoie

DAS overview: focus on inland seismology 



Volcanic and Seismic Hazard monitoring: Stromboli monitoring

Biagioli, F., et al. , M. P. (2024). Array analysis of seismo-volcanic activity with distributed acoustic sensing. 
Geophysical Journal International, 236(1), 607-620.

DAS overview: Volcanology 



21Origin time: onset of the acoustic wave recorded at the crater
Biagioli et al., 2023

DAS overview: Volcanology 



DAS overview: Volcanology 
The new volcanoe that erupted in 2020 
off coast of Mayotte at depth of 3400m

is now monitored by a marine cable 
temporarely lended by ORANGE

Feuillet, N., Jorry, S., Crawford, W.C. et al. Birth of a large volcanic edifice offshore Mayotte
via lithosphere-scale dyke intrusion. Nat. Geosci. (2021)



Cryosphère: geophysic for environmental studies, glacier and ice monitoring, river, …

Rolled 
cable

Surface
path to
lake 

Ice

Shot 2020 (GL = 10m) Shot 2021 (GL = 2m)

Lake shoreline

Axial
Sholte

Profile along a fiber deployed on a moutain  lake above Grenoble

DAS overview: Environmental Geophysics



Monitoring of glacier movement and melting: groenland, antarctique, and Alps

DAS overview: Environmental Geophysics

Booth, A. D., et al., A. (2020). Distributed acoustic sensing of seismic properties in a borehole drilled on 
a fast flowing Greenlandic outlet glacier. ‐ Geophysical Research Letters, 47



Data processing: what are the challenges?

1. Store temporarily the data  (10 days, 57 km -> 15Tbytes)
– Room available?
– Storage is secure? Is fast ?
– Academic versus private solution: data made available on the cloud by Febus/Silixa/optasens?

2. There is a larger gap between “raw data” and “used data” than before
– Data reduction (redundancy, selection)
– Dedicated local solution (server and local storage) versus datacenter and HPC center?

3. Development of large dataset analysis (IA, array analysis,…)
– DAS is used for intrusion detection and pipeline monitoring using IA (PhD EOST+FebusOptics)

DAS overview: Conclusions 



• Metadata ? Do we follow previous standards (IRIS-SEED) ?
- Fiber location, multiple fibers, continuous location…

• What data do we make available?
- Full dataset / selected dataset / published dataset?
- Derived products?
- How to proceed with continuous monitoring fiber?

• These questions are addressed by a several working group in US (IRIS-DAS working group) 
and in Europe (EPOS infrastructure)

Data distribution, what are the challenges?

DAS overview: Conclusions 



Slide from: Fiber Optics foR Environmental SEnsE-ing (FORESEE) at Pennsylvania State University T. Zhu et al., EGU 2020

DAS overview: Conclusions 



- Can be deployed in harsh (volcanoes) or inaccessible (marine cable) environment
- Unprecedented coverage (distance >50km and density)
- Strain is more sensitive than displacement to local heterogeneities
- Optical fiber is cheap (1€ to 5€ / meter)
- Simple maintenance: interrogator at one end

- Lower signal-noise ratio than geophones (5-10 db)
- Single component
- Strain is more sensitive than displacement to local heterogeneities
- Requires strong power supply (1.5kW)
- But where is the fiber?

Conclusions: DAS is a new complementary tool for many fields in geophysics

Important issues that remains :
•Get access to commercial fibers (e.g. Orange-IPGP for Mayotte volcano monitoring)
•Find smart solutions for data management 

DAS overview: Conclusions 



DAS overview: method

Azimuthal sensitivity to various wave polarization
(P, S, Love, Rayleigh)



DAS overview

Schematic of the character of the Rayleigh, Raman, and Brillouin peaks in 
the back-scattered light spectrum.  T is temperature,  is strain (Kennet, 2024)

These technologies are based on the analysis of the back scattered light generated by a laser pulse

inelastic inelastic
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