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FIBRE SENSING TECHNOLOGY ; ; :

Light pulses travel through the fibre. i i

Interactions with the environment cause tiny changes I I = ot > <— g > ‘ //\/| 7, [ 77— - '===== - -

in the backscattered light, measured continuously

along the entire length.
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One technology. e 0L f |
Many critical applications. 0 e = : QQ,‘\\Q%
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From raw data to actionable intelligence,
fully integrated into network operations.
DATA DETECT CORRELATE ALERT ACT
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A world offibre

TERRESTRIAL FIBRE ~ SUBMARINEFIBRE
U 5 billion kilometres deployed U 1.5 M kilometres across ~600 cables

- worldwide 0 Roughly 0.03% of all the fibre on
i u Longhaul, metro, access, FTTH, "data;nf%i*«?( the planet.
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Dofibre cuts ever happen?

TERRESTRIAL FIBRE

thousands nationally

estimated cuts per year (US alone)

Metro rate 13 cuts / 1,000 mi / yr

Longhaul rate 3 cuts /1,000 mi/ yr

Operator impact ~1 cut every 4 days
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SUBMARINE FIBRE

~150171 200 globally

faults per year (global total)

Longterm average 199 /yr (201624)

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? e
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Strain, temperature,
pressure on thefibre
affect an optical signal
propagating though it
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Sensing techniques classification

X Depending on propagation direction:

1) Backscattering 2) Forward propagation
Light reflected by fibre Light collected on the opposite side of the source
Sensing point Sensing point
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X Depending on feature sensed:

1) Phase* 2) Polarisation* 3) Amplitude 4) Wavelength
A y
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Fibresensingmechansisms

Based on signal backscattering: Based on forward propagation:

x Pros: x Pros:
A Accurate localization A Can use data channels as source
A Source and receiver at same location A High sampling rates are possible
x Cons: x Cons:
A High sensitivity receiver: 0.0001% of incident light A Localisatiomot provided natively
Is received back A Noise accumulates over whole link

A Does not work with amplified networks
A Sampling rate determined Hipre length
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Features that can be sensed

Phase Polarisation
| [ | | |
X Pros: X Pros:
A Phase is very sensitive, tens picometers accuracy , |ow cost receiver, can be part of data channel
x Cons: x Cons:
A More complex coherent receiver required 4 Much less sensitive than phase
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Content of this Keynote

2. SENSING APPLICATIONS . = :T[/;_; e
One technology. —F—— O O | {
Many critical applications. 0 _ B ‘h_l_ Q‘Q,:pé%
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Sensing Applications

x Localisedpoint) sensing:
A Can provide higher precision for specific locations
A High variety of sensors

Stretch and

Gauge level Gyroscope Biological tafpeTatirs Acoustic
/TN ——
\\iz f<— )
4—/

x Distributed sensing:

A Tens of thousand of points across entire lengtfile
A Can be applied to existing telecoffiize

Road traffic Earthquakes Dark Vessels*
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Point sensing applications

Gauge level

High level (Liquid present) Low level (Liquid absent)

Light Light
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Optical Gyroscope

SagnadEffect

FIBER OPTIC
DIRECTIONAL COUPLER

/

N TURN FIBER
OPTIC COIL

Detector Detector
source source
A
1
1
P /I = P i
Fib i - SOURCE
iber . iber
) / \\ ; | / \\ *
; §
Prism i
1
J .
DETECTOR
Gas Gas .

Liquid \/ i :I;u';d' “““““““““““

ros: no el ectri cal

partBrgss che mmacwai hg

paet s, el

IRIS; Network Al and Sensing Research Group

Trinity College Dublin, The University of Dublin:2



Trinity College Dublin
Colaiste na Trionbide, Baile Atha Cliath
The University of Dublin

Chemical and biologicaensinng

Measuring the presence and
concentration of given chemical agent 8P Target Biomolecule

Y Ligand (immobilized)

Chemical agent

l l l l l _ Cladding
.~ exposed region

e T .t et e e, e Optical Fiber

Core
Cladding
Wavegl;écliz Sensing Region
S (Functionalized Tip)
0 A
| No target bound
{ (Reference)
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(7] Partial target binding
’ &=
Waveguide .~ &
cladding
5 High target binding

Wavelength (nm)
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STRAIN AND TEMPERATURE MEASUREMENT ‘ s
‘ Measured Bragg wavelength shifts

Strain changes the spacing of the grating, with strain.

Localisedstrain and temperature measurement

shifting the Bragg wavelength. . i A st (St::;ri\::)
s S K Py
?roadband | - Interrogator Reflected AA [ | X
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[ Tension (or compression) changes the grating period — Bragg wavelength shifts — Strain is calculated. J

ros: no electrical part s, high precision,
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Applications based on distributed sensing

H oW D i Stri b uted Se n Si n g Backscattered light over distance I

Interrogator
works with light pulses Backscatter B variations in
intensity backscattered
light are tracked
at the interrogator
to reveal changes

in a Fibre Optic cable
along the entire

One fiber. Thousands of sensors. Continuous insight.
Position along fibre length of the fibre

L in real time.

Light pulses are
injected into the
fibre at regular
intervals.

n Inhomogeneities in the fibre scatter
the light pulses back to the interrogator.

STRUCTURAL HEALTH PIPELINE MONITORING PERIMETER SECURITY RAILWAY MONITORING
MONITORING Detects leaks, intrusion Detects intrusion, digging Detects train passages
Detects strain and and ground movement. or fence climbing. and track vibrations.

vibratlons in structures.

—3 Launched light pulse

—p Backscattered light

Acoustic sources
cause variations

in the fibre.
* Vibrations
e Strain ’ - o
o Temberahire These disturbances change the length and refractive index of the fibre
P P locally, altering the backscattered light. A
* Fressure
Compression No strain (reference) Stretching
-0 () -0 |8 T N ©
—" T ,<_( 0] 5 s .
SFI Centre for 2 : . 2 Continuous High spatial Real-time All-fibre solution
C \: F Geophysical SN = — —> measurements along resolution monitoring immune to EMI
For eeatting \ E '\A N - = » Scatterers / inhomogeneities the entire fibre (metres or less) :ggiganr‘s‘:lems
L g A J

IRIS; Network Al and Sensing Research Group Trinity College Dublin, The University of Dublin:s



Traffic Sensing
DAS i T
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Distance along fibre
/

DAS measured strain rate (vibrations) '

Strain rate

. High

Time

Vehicle speed

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

100 200 300 400

500 600 700 800 200 300 400 500 600 700
Distance along fiber [m]

700 800
Distance along fiber [m]

Distance along fiber [m] B Dlstance slng fIber (]
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Earthquake sensing

TRADITIONAL SEISMIC NETWORK DAS ON DARK TELECOM FIBRE

‘* M 5.2 epicentre * M 5.2 epicentre
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A A

interrog

Shi Sp2 M3 virtual channels evary =10 m

3 stations - spacing ~10 km - purpose=built & expensive ~10,000 channels - existing dark fibre - no new infrastructure

RECORDED WAVEFIELD — same M 5.2 event

“,_E - P-wave maveoul
SM T stope—=tvehocity

SM2

aMa3

Va2 2%
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chn T
3 isolated traces — wavelield inferred between

continuous wavefield — avery metre resolved

JoussetP., Reinsch, T., Ryberg, &t al. Dynamic strain
determination using fibreptic cables allows imaging of
seismological and structural featurst Commur®, 2509
(2018). https:Hoi.org10.1038/s4146018-04860y
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SeaScan* Solving the issue of dark vessel:

Normal vessels Dark vessels*
Transmit their location via AlS — visible to other systems. Do not transmit their location — not visible to other systems. I R I S

Network Al and

Vessel identity, position, > .. N Vessel is not visible to
course, speed, etc. T ¢ x other systems.

g | Sensing Group

AlS signal received

T “'*n\ \“\\
) | TR Tt~
ﬁ 1) X Crossing Point
L] . O Target vessel
i H ﬁ = Radius: 2.0 km

ROI: 5.0 km

" } \

Q Detected and identified e Not detected by other systems
Location and identity are known. Location and identity are unknown.

DAS detects vibrations from the vessel DAS still detects vibrations from the vessel
Fibre optic cable N— Fibre optic cable S///
(DAS sensing) (DAS sensing)
2 @ -@ @ \ - @ . . . s 4 2 @ >
DAS response DAS response
(vibration) (vibration) ‘
> >
Distance along fibre Distance along fibre
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Data Collection of Vessels signatures

HANNAH Trawler: Length 20.0 m, " T R Y e
Width: 8.0 m,Tonnage: 103
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Al for dark vessel detection and classification

Feature Maps 41 Dark Vessels

Stage 1

/ .
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Pre-Norm of Pathmbedcﬁlt-\gay-; : : —

_____________
______

s S e AN ol
| : I' II \ i [ Radius: 30km
/ : 'I Vo " Radius: 10km
1 1 .
L )
L
i

"""""""""

\

(FPN) Head
Fuse multi-scale temporat-spectral features

1.00 A plt)
= EMA Output

I

Temporal Block
Temporal saency via 1D conv

Channel Block
Spectral probability via 10 conv

Ptime _ptob(t)

T Joint Probability
] P(C,8) = Prime pect(t) - Pes_pen(eit)

Model Output: p(t)
=
(%}
o

T T T T
14:50 15:00 15:10 15:20

2025-Apr-21
Vessel detection accuracy: 98.7%
Vessel tonnage classification accuracy: 86.2% L.

—
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Detecting specific events

WB YEATS Irish navy vessg ‘, ‘

Length

90.0m

Beam

14m

Main Engines

2 x Wartsila diesel engines
and Power Take In

Tonnage

2,256

Crew

44 (6 Officers)

1. Dark Vessel: estimated speed within 1 kndt

Confidence Contours
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2. Anchor down near the cable

Confidence Contours
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Importance of spectral analysis

3. RHIB hiding its signature behind large vessel

Confidence Contours
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4. Detection of (stealth) electric engine

Confidence Contours
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SeaScan for real time dark vessel detection
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IRIS

0.95km
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a Spectrum-as-a- = 2 L Guiversiy oF TechNoLOGY
L mem [ " service = Dublin network
ML analyzer ptical analyzer Tepa i
Polarization 200 Pc;mc . .
e ke ) Pwz Confusion Matrix
el Ay
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— swniq.x O Easioming g bonding rix RERSAM 0.0% 12%  0.0%
signatures (II{)OADM | Soft bending
EMUX —
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©
X Able to distinguish between: 4/,/ S
A No event (Ix) Soft bending -
A Eavesdropping (hard bend) - 80vb| 0.1%  0.1%
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: i (\“\- Q/Q;\ éob Q&o
A Digger noise at 80Hz (80vb) ?

Predicted label
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Content of this Keynote
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From raw data to actionable intelligence,
fully integrated into network operations.

DATA DETECT CORRELATE ALERT ACT
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A full scale sensing network
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[ Traffic flow ] [ Cable-strike risk ] [Burst water maln] [Wlnd & ice Ioad] [)rone passmq [Vessel track] [Anchor]

A Share costly sensing devices
A Ubiquitous sensing

)

AR
x Open Issues:
s k 5 A Interference sensing/data channels
r - A Environmental noise leads tow SNR
N T

“.' . o S !
N

. @®  co-2.-rRofDM+OLT

A Distance/coupling diibre with event
A Do | need more diverse data?

C Key question: whicHibre/s route to
use for a given sensing event

CO-4..sensing-hub
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Interferenceissue How DASffectsother transmissionchannels

x Fibrenonlinearity causes crostalk * DAS pulses have high power,

among channels triggering nonlinear effects

A Issue occurs when DAS and data are c«
propagating

Co-propagating Counter-propagating

SBNSINg
chanmnel

Power (dBm}
g ¢

<201 o <) 4
(e) 0
-0 ' ' T T =i ¥ ' ' T T T
1547 1540 1546 150 =1 1542 1545 1588 15R1 1SR4 HEET
Wiavalength (rm) Wawnlength {nm) Z. Jia, L. A. Campos, M. Xu, H. Zhang, M. Gonzaléerraez H. F. Martins, and Z. Zhan, "Experimental

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