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WHAT IS FIBER SENSING
• Fiber optic sensing is detecting changing physical properties of light as it travels along a fiber 

and thus pickup changes in temperature, stress strain, and other parameters. 

• You can think of it as utilising the fiber installation by turning it into distributed acoustic 
microphones along the whole span.

• NORDUnet are looking at 2 leading technologies for fiber sensing. 
• Distributed acoustic sensing (DAS). ~150km  
• State of Polarisation (SoP). No distance limitations (in theory)



SENSING TECHNIQUES
SoP is looking at abrubt polarisation state changes 
in the receivced signal, (Phase shifts).

DAS looking for same shifts but from backscattered light.
(Hence the distance limitations).



IMMEDIATE ADVANTAGE/DISADVANTAGES (SOP)

• Easy to implement on existing optical networks
• Can be Imbedded into future silicon photonics
• No distance limitations (senses on entire links)
• Relatively Low cost 
• Real time data no “dead zone”

• No distance limitations (senses on entire links 
and picks up ALL disturbances).

• Lower quality, noisy signals.
• Storage can be cumbersome as real time data 

@millions of samples/second.
• Less suited for low frequency sensing.



BIG ADVANTAGE ON STATE OF POLARISATION 
SENSING (SOP)
• In principle, SoP can be implemented on every existing or new 

fiber plant, all over the world.



SEMICONDUCTOR EVOLUTION
Apperently 6 is the magic number

Enough compute rescources to populate the data elsewhere than just for internal debugging purposes..



SO BASICALLY (IN NEAR FUTURE) IT COMES 
WITH THE BOX.. 



STATE OF POLARISATION SENSING (SOP)
But should we 

implement 
everywhere??

Can we use the 
(relatively large 
amount), data?

(as operator or scientist) 



SOP SENSING DETAILED (PRINCIPLE FROM SOP BOX NN IS USING)

Polarised light
Source. (OOK)

SoP RX detects phaseshifts
”Picked up” on the complete
fiber strech. (stokes S0/S1)



SOP TESTING IN NORDUNET

• Study to see the operational potentials of 
sensing, and the implementation impacts. 
(financial & design effects, plus implementation 
affects).

• Can sensing be useful or is it just (again) 
more data for the operation center’s to take 
care off..?



24/7 SURVEILANCE?

Or are we moving more toward machine network operation? (more Automation, pattern recognition, Ai, machine learning SW)?  



• TAMPNET Operators of worlds largest offshore 
high capacity communication network.

• In-house development of the 
“TAMPERFIGHTER” box.

• Low cost, easy to deploy simple solution.

• NORDUnet have been able to borrow 2 boxes. 
J 

LETS COME BACK TO THAT AND START BY 
LOOKING AT THE TAMPERFIGHTER BOX 
(SOP SENSING)



THE TAMPERFIGHTER SOP BOX
Inexpensive, simple and clever.  

• The SoP box has 1year local storage (5 TB) and 
automatic SSH upload to cloud storage.

• Freq range 10Hz – 20Khz, 44,1Khz 24bit 
sampling

• Linux Raspberry Pi based

• Produces Compressed audio files, 1file~3-
5MB/min. (~2-5TB/year)



BAND DEPENDANT FFT ANALYSE

NORMAL FREQ SPEC BAND DIVISED FREQ SPEC

FFT, Peak and 
RMS finding  

Python code



AVERAGING AND PEAK FINDING

FINDING THE FILES THAT MATTER..

The list goes on and on and on….



EXAMPLE FROM TESTING
Producing Audio files (.flac):

Normal situation Bending/pinching fiber at remote site (app.30km)



NETWORK OUTAGES
LOTS OF OUTAGES ARE UNEXLAINABLE AND THE OPERATORS GO LIKE: 



NETWORK OUTAGES
• THERES NOT MANY OPTIONS TO CHARACTERISE THE CAUSE OF AN 

EVENT.
• SUSPISION THAT A WAST MAJORITY IS DUE TO PHYSICAL IMPACT 

ON CABLE RUNNINGS IN OR OUT OF DC (HUMAN ERROR)
• BEND LOSS ARE THE MOST SENSITIVE FACTOR
• FIBER PINCHES ARE RIGHT NEXT ON THE LIST



NETWORK OUTAGES

https://www.velir.com/-/media/files/pdfs/uptime-annualoutageanalysis2021.pdf



MACROBEND & MICROBEND



SOP SENSING FIBER PINCH & FIBER BENDS?

FIBER BEND

FIBER PINCH



SAME ZOOM



VERY DIFFERENT FREQUENCY COMPOSITIONS

BEND PINCH



USING ACTUATOR TO SIMULATE PINCH



IMPORTANCE  OF CABLE ROBUSTNESS

FIBER PINCHES (Standard patch)



FIBER PINCHES (RUGGEDISED PATCH)



PATCH CABLES
FIRST RESULTS OF STUDY SHOW 30% 
LESS SENSITIVE TO PINCHES (armoured cable even better)

Ruggedised 

Standard



AND YES…. 
WE PICK UP ACOUSTIC SIGNALS WITH FIBER SENSING

Screaming at a patch 30km away:



CONCLUSIONS?
• With SoP we CAN discriminate on certain events in our Network.
• We can find these events by using, (relatively simple), automation sw.
• We can use machine learning and Ai on known or solved events. They 

can be characterised with a propabilliy score, for recognition of 
similar data at later stage. (We don’t need more NOC rescources).

• This can be useful for the NOC operators in identifying outages and 
disturbances. (bend, pinch, lightning strikes, truck rolls etc..)

• Easy to implement on existing infrastructure 
• Relatively cheap.



SOP EXPERIMENTS IN NORDUNET
(NEW CABLE LULLEÅ-BERLIN (VIA BORNHOLM).



GEUS DAS SENSING

• Utilise NN Xtra fiber pair from Bornholm to Germany
to calibrate and compare to normal seismographs 

• Eventually to make probable the data collected during 
CCS (CARBON CAPTURE AND STORAGE projects). Plus supplement 
The existing seismic monitoring systems.

• Expected to start sensing end May.



Thank you.

THE END

For more information: rasmus@nordu.net


