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Motivation
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Earthquake Early Warning (EEW) system -> Tsunami
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Seismometers are land based
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• Seismometers that appear in the ocean are actually on islands

• Earthquakes in ocean:

– Every 200km between the earthquake and a sensor results in a one minute delay in the warning

From https://ds.iris.edu/wilber3
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Seismometers are land based
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• Overlay of submarine cable map on seismometer map

• Desirable to use existing communication infrastructure to detect seismic events
– Subsea cables have repeaters every 50-100km. Using a subsea repeater as a sensor can reduce the distance from the 

Earthquake to the nearest sensor.

From https://www.submarinecablemap.com/
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Ocean-Bottom Seismometer -> Repeater

© 2023 Infinera. All rights reserved. Company Confidential.

From Wikipedia

OBS Repeater

Rests on sea floor Rests on sea floor

Stores data for period 
of time

SOP data created in 
SLTE equipment

Bring to surface to 
retrieve data

Stream data in real time

Battery powered Shore powered

2D Array 1D Array

Curie Cable
Repeaters



Fiber Sensing 
Techniques
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Fiber Sensing Techniques

© 2023 Infinera. All rights reserved. Company Confidential.

Technique Frequency Resolution/
Max Distance

Sensitivit
y

Telecom compatibility

Distributed Acoustic 
Sensing (DAS)

kHz 1 m / 50 km  Limited to 1st span.
Requires high power (no traffic)

State of Polarization 
(SOP)

10,000 km / 
10,000 km

 Transponder compatible (today)

Phase 5 Hz 50 km / 
10,000 km

 Ultra stable laser

Michelson 
Interferometer

100 Hz 10 m / 20 km  Use 2 fiber pairs. 

SOP-OTDR 5 Hz 50 km / 
10,000 km

 Transponder compatible
SOP detection circuit needed
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Distributed Acoustic Sensing (DAS) 

© 2023 Infinera. All rights reserved. Company Confidential.
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State of Polarization (SOP) of data channel 

• SOP streamed from Coherent transponders on both sides
– Integrated SOP variation across cable

– Difficult to Localize
© 2023 Infinera. All rights reserved. Company Confidential.

12 days, ocean swells from storms
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Phase Sensing
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Michelson Interferometer

• Use 2 fibers, one as reference arm in 
Michelson Interferometer

• Phase sensitivity without ultra-stable 
lasers

© 2023 Infinera. All rights reserved. Company Confidential.



SOP-OTDR
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Experimental Setup
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Reflected Pulses.  SOP per repeater

• 300 μsec pulses @ 105 msec intervals

• Each SOP is from aggregated round trip to repeater

• 110 reflections per pulse from repeaters

• Proof of Concept trial

– Data stored in database

– Post processed

© 2023 Infinera. All rights reserved. Company Confidential.

105 msec

Repeater 90 over time
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Polarization subtraction

• Desired to measure SOP variation in single 
span between repeaters
– Subtract prior repeater’s SOP

– Scaling and subtraction
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– Assumes small polarization variations

• Spectrograms Using Polarization Subtraction
– Some spectral features clean up

– While some remain

• Adding SOP-OTDR to Santiago will 
enable cleaner signals

© 2023 Infinera. All rights reserved. Company Confidential.

- Repeater 63
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Earthquake on 2/22/2022

© 2023 Infinera. All rights reserved. Company Confidential.
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Earthquake on 2/22/2022
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Earthquake Origin Time

P Wave

S Wave

Zhongwen Zhan, Caltech
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Earthquake on 2/22/2022

© 2023 Infinera. All rights reserved. Company Confidential.
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Earthquake on 2/22/2022

© 2023 Infinera. All rights reserved. Company Confidential.

• Simulation assuming a 1-D and laterally 
homogeneous earth

• More realistic simulations to come

Jorge Castellanos, Google
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Earthquake on 2/22/2022

© 2023 Infinera. All rights reserved. Company Confidential.
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Wh
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