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A world of fibre

TERRESTRIAL FIBRE

ü5 billion kilometres deployed 
worldwide

üLong-haul, metro, access, FTTH, data-
centre

SUBMARINE FIBRE

ü1.5 M kilometres across ~600 cables

üRoughly 0.03% of all the fibre on 
the planet.
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99% of 
intercontinental
internet traffic

$10 Tn in financial 
transactions

every single day



4IRIS ς Network AI and Sensing Research Group Trinity College Dublin, The University of Dublin

Do fibre cuts ever happen?

T E R R E S T R I A L  F I B R E

thousands nationally
estimated cuts per year (US alone)

Metro rate 13 cuts / 1,000 mi / yr

Long-haul rate 3 cuts / 1,000 mi / yr

Operator impact ~1 cut every 4 days

S U B M A R I N E  F I B R E

~150ï200 globally
faults per year (global total)

Long-term average 199 / yr (2010-24)

Frequency ~4 per week

Avg. repair time 2023 40 days

Longest repair 2023 947 days
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Would it not be nice if fibre could sense?
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{ǇƻƛƭŜǊ ŀƭŜǊǘΧ

×Lǘ Ŏŀƴ ƛƴŘŜŜŘ ŀƴŘ ƛǘ Ƙŀǎ ŀƭǊŜŀŘȅ ōŜŜƴ ǳǎŜŘ ƛƴ Ƴŀƴȅ ŀǇǇƭƛŎŀǘƛƻƴǎΧ ŦƻǊ ƻǾŜǊ нл ȅŜŀǊǎ

Strain, temperature, 

pressure on the fibre 

affect an optical signal 

propagating though it
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Sensing techniques classification

×Depending on propagation direction:

×Depending on feature sensed:
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Fibre sensing mechansisms

Based on forward propagation:

×Pros:
Â Can use data channels as source

Â High sampling rates are possible 

×Cons:
Â Localisation not provided natively

Â Noise accumulates over whole link

Based on signal backscattering:

×Pros:
Â Accurate localization

Â Source and receiver at same location

×Cons:

Â High sensitivity receiver: 0.0001% of incident light 
is received back 

Â Does not work with amplified networks 

Â Sampling rate determined by fibre length
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Phase

×Pros:
Â Phase is very sensitive, tens picometers accuracy

×Cons:
Â More complex coherent receiver required

Â {ƛƎƴŀƭ ǎŀǘǳǊŀǘŜǎ ǿƘŜƴ ǇƘŀǎŜ ŘƛŦŦŜǊŜƴŎŜ Ҕ нˉ

Polarisation

×Pros:
Â Low cost receiver, can be part of data channels

×Cons:
Â Much less sensitive than phase

Features that can be sensed
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Sensing Applications

×Localised (point) sensing:
Â Can provide higher precision for specific locations

Â High variety of sensors

×Distributed sensing:
Â Tens of thousand of points across entire length of fibre

Â Can be applied to existing telecoms fibre
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Point sensing applications

Gauge level Optical Gyroscope

Sagnac Effect

Pros: no electrical parts, chemically inert,éPros: no moving parts, high dynamic range,é
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Chemical and biological sensinng

Measuring the presence and 

concentration of given chemical agent

Pros: real-time, continuous monitoring, non invasive,é
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Localised strain and temperature measurement

STRAIN AND TEMPERATURE MEASUREMENT

Pros: no electrical parts, high precision, remote reading,é
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Applications based on distributed sensing
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Traffic Sensing

B. Biondi and H. Li, "Future SMART Cities Enabled 

by Fiber Sensing,"2025 Optical Fiber 

Communications Conference and Exhibition (OFC), 

San Francisco, CA, USA, 2025

Vehicle speed

DAS
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Earthquake sensing

Jousset, P., Reinsch, T., Ryberg, T.et al.Dynamic strain 

determination using fibre-optic cables allows imaging of 

seismological and structural features.Nat Commun9, 2509 

(2018). https://doi.org/10.1038/s41467-018-04860-y
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Sea-Scan*: Solving the issue of dark vessels

IRIS

Network AI and 

Sensing Group 
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Data Collection of Vessels signatures

HANNAH JTrawler: Length 20.0 m, 
Width: 8.0 m,Tonnage: 103

STENA ESTRIDPassenger Ship, Length 
215.0 m, Width: 28.0 m, Tonnage: 41,671

BORE SONGCargo Ship, Length 195.0 m, 
Width: 26.0 m, Tonnage: 25,586
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AI for dark vessel detection and classification

Vessel detection accuracy: 98.7% 

Vessel tonnage classification accuracy: 86.2%

41 Dark vessels 
detected in 35 days
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Detecting specific events
Length 90.0m

Beam 14m

Main Engines 2 x Wärtsilä diesel engines 
and Power Take In

Tonnage 2,256

Crew 44 (6 Officers)

2. Anchor down near the cable1. Dark Vessel: estimated speed within 1 knot

vessel
RHIB

3. RHIB hiding its signature behind large vessel 4. Detection of (stealth) electric engine

WB YEATS Irish navy vessel

Importance of spectral analysis
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Sea-Scan for real time dark vessel detection
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Sea-{ŎŀƴΥ ǿƘŀǘΩǎ ƴŜȄǘΚ
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Polarisation sensing for eavesdropping detection

×Able to distinguish between:

Â No event (rlx)

Â Eavesdropping (hard bend)

Â Casual impact (soft bending)

Â Digger noise at 80Hz (80vb) 

IRIS

Network AI and 

Sensing Group 

Confusion Matrix

Commercial 

metropolitan 

Dublin network
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A full scale sensing network

×Pros: 
Â Share costly sensing devices

Â Ubiquitous sensing

×Open Issues:
Â Interference sensing/data channels 

Â Environmental noise leads to low SNR

Â Distance/coupling of fibre with event

Â Do I need more diverse data?

Č Key question: which fibre/s route to 
use for a given sensing event
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×DAS pulses have high power, 
triggering nonlinear effects

Â Issue occurs when DAS and data are co-
propagating

Interferenceissue: How DAS affectsother transmissionchannels

Z. Jia, L. A. Campos, M. Xu, H. Zhang, M. Gonzalez-Herraez, H. F. Martins, and Z. Zhan, "Experimental 

Coexistence Investigation of Distributed Acoustic Sensing and Coherent Communication Systems," OFC 2021

Co-propagating Counter-propagating

×Fibre nonlinearity causes cross-talk 
among channels


