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SMART Cable concept
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Howe etal., (2019, August2). Smartcables forobserving the Global Ocean: Science and implementation. SMART Cables for Observing the Global Ocean: Science and
Implementation. Retrieved June 10, 2022, from https://www.frontiersin.org/articles/10.3389/fmars.2019.00424/full
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Wet vs Dry Sensing
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Aim
Investigate utilising existing telecommunication systems, rather than dedicated

submarine fibre, for monitoring the earth and oceans, without disrupting telecoms
traffic.

bjectives

Complement existing infrastructures,
datasets, and SMART cable concepts
by developing a scalable data
| dissemination system from thenew |
instruments to existing research
infrastructures and communities.

k.

Define a standardised concept
architecture to integrate sensing
technologies (DAS, SOP, SOP OTDR,
SOP OFDR) into a single telecoms
submarine cable system.

- A

Deploy a standardised prototype
research instrumentin at least 3
geographically diverse locations.

Scientifically validate and calibrate
the instruments deployed

Defining training and capacity

Develop the concept in collaboration building which allows for enhancing Developing a roadmap and strategy

Produce open, machine readable, with research communities, research the collection, interpretation, to implement a sustainable research
long-term datasets. infrastructures, Government r processing and reuse of the data | instrument and datasets from more
: institutions and industry. generated by the research -y countries
instruments
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The high-level instrument architecture — per site

Non-Sensitive low frequency seismic
data to trusted repositories
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Indicative Site
Locations

SVALBARD, Norway
(DAS, SOP, SOP OTDR)

Preveza
Rricecs, Greece
(DAS, SOP, SOP OTDR)

SINES, Portugal
(DAS, SOP, SOP OTDR)

MADEIRA, Portugal
(DAS)

SOP - State of Polarisation
DAS - Digital Acoustic Sensing
OTDR - Optical Time Domain
Reflectometer

FORTALEZA, Brazil
(SOP, SOP OTDR)
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Dry Optical sensing techniques

Tab. 1: Comparison of optical sensing techniques for seismic monitoring with optical fibers

DAS 23] Phase 49 Polarization 68
Equipment . . .
quupirements DAS interrogator required | Ultra-stable laser source Regular coherent linecards
Perturbation on fiber
Fiber . No impact on existin
w Requirements -band or 3 c-band channels Spectrum required chann%l plan i
Fiber optic cable . ] ] .
1 Sensitivity Medium/High High Medium
— —
Laser Source . . . .
> Localization Yes Feasible Feasible
Causes hirefringence
(double-refraction) Reach <100 km > 10,000 km > 10,000 km
Source: Kristina Shizuka Yamase Skarvan - .
& Scalability Poor Medium Good
Adapted from Source: M. Cantono et al., Seismic Sensing in Submarine Fiber
Cables,
A very small part of the PR Laser light is launched into the
®) =) tODAS light is back-reflected to «...evee, o N Jomssany fibre by the interrogator. When

ot ] A\ D & 3 >
: § the interrogator the light propagates along the
nterrogatfor fibre, it will be subjected to

\ Rayleigh scattering

'K & [ Optical fibre ‘;" = ‘

o T Source: ASNwebsite

DAS is a technique for dynamic monitoring of strain distribution along an optical fibre
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DAS SOP IPD
Distributed Accoustic State of Polarisation Introformetric Phase
Sensing Detection

Uses reflections from Uses the changesin Uses the changesin the

impuritiesin the fibre position of the laser time of arrival of the

when a laser light hits light as it exits the fibre laser light when

the side, to measure to detect changes made compared againsta

stretch and strain. to the cable the laser reference signal to
light travels through. detect changes to the

cable



SFI Centre for

DAS: Distributed Acoustic Sensing CGF ol o

Interrogator P— Returning
Unigt e K{ Recorded Signal
Optical Fibre e /
Acoustic
Cable \I > \kk\— Soral
> Propagating
. Laser Pulse
Rayle'gh_ e - Can also measure transmitted
Backscattering Oe—e o & signal or perform polarization
analysis at the end of the
fibre: SOP

Figure adapted from Wilks et al. , CLIMIT poster 2016 With thanks to Prof Martin Landrg, NTNU



What can DAS detect?

* Wales
* Storms s
* Ships .
* Earthquakes
e And more

[ Distant Storms: 001 -0.1 Hz

Earthquakes: 0.01 -10Hz

. Baleen Whales: 5-70Hz

B ships: 35-85Hz
With thanks to Prof Martin Landrg, NTNU
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Spectrum vs time at 5 km, water depth 151 m
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With thanks to Prof Martin Landrg, NTNU



SVALBARD

Detection of M2.7 Earthquake with DASand SCP
x10%
Pr— _ D ———R
" | P S End
n
§ g | - 50 Earthquake: M2.70
2 4 RN | < g £
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8 é e n
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100 — - enLl§ 22 |
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Longyearbyen Distance along cable (km) Ny-Alesund ' J | :
2
I i 1
Extract the timing the seismic waveshits e s el . o\ " - g0
—_— — 40 20 0 20/ 40 . 60 _ 80 ' 100 120 140
the Cable from DAS data Time (sec) before and after 08:55:52

Amplitude of frequency

components below 6 Hz

and around 8 Hz rising at
S-wave arrival

Amplitude of frequency
components below 5 Hz
rising at P-wave arrival

Source: Kristina Shizuka Yamase Skarvang et al., Observation of Local Small

Magnitude Earthquakes using State Of Polarization Monitoring in a 250km i . _
Pasgsive Arciic Sﬂ‘gmame C(;ammcaﬁon Cable. OFC 2023 o SOP variation corresponds with the timing of the Earthquake
hitting the cable

L SFI Centre for
®ONTNU €9 Sikt CGF S AcaTEL
Forecasting N NETWORKS
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DAS coexistance with DWDM

1 GE A: 1527.39 nm -46.187 dBm  A-B: 43.09 nm 5.624 dBm
B: 1570.48 nm -51.811 dBm
)

dBm|@ptical Power in Full Resoluti

+ = A

-44 1)
5‘% @ 1544 1540 @;b @
_E---—----
Detekt.: Alle Splitter: Nei Nb: 005/005 Pcomp: -20.52 dBm/ 8.872 uW

Kanal L snitt(nm) L Min(nm) L Maks(nm)P snitt(dBm) P Min(dBm) P Maks(dBm)
001 1542.111 1542.071 1542.157 -27.69 -27.92 -27.44
002 1542.927 1542.887 1542.973 -27.80 -28.01 -27.41
003 1547.076 1547.027 1547.151 -27.62 -28.27 -26.70
004 1547.894 1547.831 1547.974 -27.95 -28.92 -26.99
005 1548.853 1548.819 1548.916 -27.11 -29.93 -25.78
5 Active wavelengths monitored

1G

1G

200 G

200 G

300 Gbps (Production traffic)

200G (62Gbaud QPSK with SDFEC-G2), 300G
(84.23Gbaud 16SQAM with SDFEC-V. Monitored for
14 daysin total with no degradationin signal

L-band DAS OFF L-band DAS ON

pre-FEC bit error rate
(BER)

24 hur of operation

L-band DAS OFF : L-band DAS ON

Q-margin

Credit: K. Bozorgebrahimiand R. Veisllari, SIKT
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2nd Field Campaign: Svalbard

Polarimeter (PM1000, Novoptel) connected to a live DWDMink

600

2 x CESNET PolBox (Polarimeters) connected to alive DWDM link

79 400
*  White rabbit protocol running between the two end sites

2 x DAS (OptoDAS, ASN) interrogators connected to DWDM systemin L band 78.8 200

DAS (OptoDAS, ASN) interrogators connected to two dedicated fibres in each cable
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N
]
)
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78.4

White | [ white
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1 B
N ' o
Ay Filter \ \ \ > Az 200

-200

\ 4
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H 400 - ! I | | -
Signal multiplexed with other 250 200 150 100 50 0
SFP communication traffic Raman —)[ Polarimeter ]4_ Distance (km)
1542.94 nm Pump

K 250 km /

Depth (m)

/ DWDM

A

Dedicated Fibre

S U B MER S E Forecasting NETWORKS

— . SFI Centre for ALCATEL
= @NTNU €9 Sikt cGF ome o @&
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New SOP experiment — bi directional with white rabbit

Ny-Alesund
¥ Longyearbyen
White | White
rabbit 125 km 125 km rabbit
DAS
Tx " > R > Rx
Tx > | o @ Fiber pair (1) @ > Rx
Ay é EDFA . A
= 100 Gbps per 4
Signal multiplexed with other
SFP communication traffic —)[ Polarimeter
1542.94 nm Pump
) DAS )

Rx [€ R <€ n Tx
Rx |€ (ZZ ;5) Fiber pair (2) (ZZ ;5) s < Tx
Az EDFA g Az

100 Gbps per A e
Signal multiplexed with other
. communication traffic || SFP
Polarimeter
Pump 1542.94 nm

/ 250 km
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