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Fiber Infrastructures for Environmental Sensing and Network 
Monitoring

Why Fibers ?
• Low cost and easily accessible platforms exhibiting large 

terrestrial/submarine deployments (network monitoring, critical 
infrastructure surveillance, geophysical monitoring)

• Fibers provide coverage in the largely unexplored submarine areas - detailed 
structure of the earth especially on seismogenic submarine faults
becomes possible

Various approaches
• Distributed Acoustic Sensing

• Ultrastable laser interferometry

• Optical polarization–based seismic and water wave sensing



Distributed Acoustic Sensing (DAS) 

DAS Advantages: 

• Spatial resolution of  1-2 m – thousands of  

scatterers (strain meters) are provided along the 

fiber link offering high resolution tomography 

• Impressive sensitivity (down to nanostrain) 

• High dynamic range

DAS disadvantages: 

• Not 100% compatible with WDM transmission

• Limited reach (~ 50 km) – can be extended with 

Raman amplification and coding tricks

• Expensive tool (> 100 k$) – it prohibits massive 

deployment

• Not easily compatible to point to multi-point 

communication schemes (PONs)
Feng Cheng et al., Scientific reports, (2021) 11:5613
Z. Zhan et al., Zhan, Z. (2019). Seismol. Res. Lett. 91, 1–15



Ultrastable laser interferometry (ULI)

ULI Advantages: 

• It can provide unparalleled reach (> 500 km)

• The most sensitive technique (fiber deformation 

can be detected at nm resolution)

ULI disadvantages: 

• It requires spectrally pure (sub-Hz linewidth) 

laser sources which are extremely expensive

• The system is vulnerable to laser’s phase noise

• Is it compatible to distributed sensing?

Marra, G. et al. Ultrastable laser interferometry for 
earthquake detection with terrestrial and submarine 
cables. Science 361, 486-490 (2018).



Optical polarization–based seismic sensing (OPS)

OPS Advantages: 

• It can provide unparalleled reach (> 1000 km)

• It relies on already deployed digital coherent

transceivers in transoceanic links

OPS disadvantages-open issues: 

• Its sensitivity depends on intrinsic PMD values 

and is less sensitive than phase techniques 

• Is it compatible to distributed sensing?

Zhan, Z. et al. Optical polarization–based seismic and 
water wave sensing on transoceanic cables. Science, 37, 
931-936 (2021).



Microwave Frequency Fiber Interferometers (MFFI)

What we have introduced

• Transmission of  microwave, spectrally pure carriers in a closed-loop 

configuration – comparison in the electronic domain

Basic advantages

• They are much cheaper than their optical carriers counterpart (sub-Hz 

linewidth)

• They are compatible to WDM transmission – only a single wavelength is 

needed (or more for better localization capabilities)

• They are capable of  supporting long distances (> 1000 km)

• They rely on the off-the-shelf  components of  extremely low cost (< 5 k$)



Experimental Field Trial of MFFI in Attika (@ OTE Academy)

The transmission path (Marousi - Afidnes – Marousi, 50 km round trip) 

• DFB Laser externally modulated as the optical carrier modulated by a 10 GHz PLL - the microwave carrier 

• 10 GHz Photodetector followed by a mixer – comparison of local and transmitted microwave carriers

• Phase shifter – assures that phase comparison takes place in the linear regime - compensates for thermal 
drifts (very intense in terrestrial cables!) and a μC that dynamically tunes the phase shifter based on the 
digitized ADC data. 

• EDFAs in order to compensate for link losses (overall loss is intentionally increased to 25 dB ~  125 km of 
transmission)

Phase Shifter - ideal point Bogris, Adonis, et al. "Sensitive seismic sensors based on microwave frequency fiber
interferometry in commercially deployed cables." Scientific Reports 12.1 (2022): 14000.



Principle of Operation of MFFI

What we can measure

• MFFI estimates the accumulated phase experienced by the microwave carrier

𝜑 =
2𝜋𝑓𝑅𝐹𝑛𝑔𝐿

𝑐

• Fiber deformations affect both fiber length L and refractive index ng

• Phase measurements can be easily transformed to strain 𝜀 =
𝑑𝜑

𝜑
(ξ=0.78 is the strain 

coefficient of the optical fiber due to the photoelastic effect)

𝜀 =
𝑐𝑑𝜑

2𝜋𝑛𝑔𝜉𝑓𝑅𝐹𝐿

• Strain rate (equivalent to ground velocity) and rate of strain rate (equivalent to ground 
acceleration) can be easily estimated 



Evaluation of MFFI in a terrestrial infrastructure

• MFFI has been evaluated from Jul. 2021 to Feb. 2022

• It has managed to capture many local and regional earthquakes in a cable vastly affected by 
thermal effects and city noise

October 12, 2021, 09:24:03 UTC, Crete (ML=6.3)



Comparison of MFFI to DAS

• MFFI was compared to a DAS instrument produced by Silixa (mid. September – late October)

• We compared strain rate measured by MFFI to average strain of DAS in the spatial domain

Confirmation that MFFI measures accurately the average strain



Experiment II – Submarine area

Location: Cephalonia-Ithaca Submarine Cable (15.6 km 
total; 7.1 km underwater)
Setup: MFFI system installed at Antipata,Cephalonia
Comparison sensors: National Observatory of Athens 
(NOA) accelerometers & Silixa iDAS
Data collected: April 24 - June 24, 2024
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Diagram showing the MFFI building blocks. 
Map of the cable route across land and sea areas

NOA Accelerometer Station:
•FSK.HP station at Fiskardo is marked on the map (red triangle).
•Located south of the fiber (depicted in blue).

Seismic events recorded by NOA during the experiment



Key Results

Improvements:
• Higher resolution ADC (800 samples/s, 16-bit)
• Enhanced phase shift sensitivity (~0.02 mrad, 30x 

improvement)

Seismic Monitoring
•Detected 110+ micro-earthquakes (Magnitude 1.5 - 3.0)
•Strong agreement with NOA & DAS records

Comparison of time series from MFFI and FSK.HP

Magnitude 2,5 Magnitude 1,6

P and S arrival times are clearly visible in MFFI data
Comparison of MFFI strain rate 

and DAS average strain rate



Evaluation of MFFI for oceanic process detection

Oceanic Processes:
•Identified tidal waves (12-hour periodicity)
•Recorded sea wave fluctuations (wind-related frequency shifts)

MFFI long term strain measurement and their frequency response

Sea waves and their relation to wind speed

24 hours temperature

12hours tidal waves

Spectrum analysis identified two distinct peaks:
•24-hour cycle: Linked to temperature changes affecting the terrestrial part of the cable
•12-hour cycle: Related to tidal waves affecting the submarine cable

•MFFI strain rate spectra show 5 dB higher power 

spectral density on May 4th

•Strong correlation between wind intensity and sea 

wave impact

•Confirms MFFI’s capability in detecting sea wave 

variations

May 4th: Windiest day (59.5 km/h at 14:20)
May 8th: Calmest day (1.7 km/h average)



Calibration Process - Distance Estimation

Clustering of events based 
on their distance

Use of matched filtering 
techniques for cross-
correlation

Local seismicity during the
experiment located by NOA 

(red box the experiment area)

Transmitter

~ RF=10 GHz

Loopback

Photodetector

Optical fibre

x

ADC -> Δφ

Embedded 
system

Antipata Stavros 

MFFI block diagram

Antipata Stavros

FSK.HP NOA Station

Antipata (Cephalonia)
Stavros (Ithaca)

Our approach 

Central point of the fiber

0-10 km distance cluster

10-20 km distance cluster



Dataset and preprocessing methods

2 months monitoring (Apr–Jun 2024)

75 seismic events (ML 1.6–4.0)

Distance clustering: 0–10 km, 10–20 km, 20–40 km, >40 
km

Cross-referenced with NOA catalogue

Distance from fiber (km) Num. of Events

0-10 29

10-20 20

20-40 10

>40 16

Distribution of events
across 4 clusters

Evaluation of strain rate vs strain acceleration

Strain acceleration → more stable & consistent results

Bandpass filter: 1–7 Hz (dominant frequency band of local earthquakes)

Extracted 1-minute windows around arrivals



Distance Estimation Results

Applied matched filtering (cross 
correlation) using representative 
event per cluster

Intra-cluster xcorr is significantly 
higher than the inter-cluster xcorr

Clear separation of near-fault 
events (0–10 km) vs those further 
away (10–20 km) Boxplots of intra-cluster and inter-cluster cross-correlation 

coefficients for the 0–10 km and 10–20 km distance
clusters



Experiment III – IRIS 1770 km Submarine fiber link

Location: Ireland-Iceland Submarine Cable
Setup: MFFI system installed at Galway (Ireland)
Data collected: November 14 2025 – still running 
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Experiment III – First Acquired pulses 



Next Steps

• To perform measurements in the Aegean Sea (OTE cables) focusing on 
tsunamis, seismic activity and storm surge.

• To interrogate a long link provided by SPARKLE connecting Chania to 
Catania

• To combine MFFI with polarization sensing and DAS

• To transfer some of the ideas in the access network – (converged 
wireless-optical sensing in 6G ecosystems)
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