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Motivations

* There exists 5 billion kilometer of installed optical fiber worldwide.

e Wide amount of terrestrial fiber and submarine fiber as well as fiber for data centers
and fiber to the home systems(FTTH)

 There are two main motivations for integrating sensing functionality into optical
communication systems:

* Using the communication fiber to provide additional functionality in addition to
communication services. This may bring extra revenue for service providers or other owners of
optical fiber.

* Due to the huge amount of data carried by communication fiber, any disruption to
communication services will result in significant amount of data loss. Many problems in optical
networks are due to variation of physical parameters, such as unauthorized digging, vibration
caused by strong wind or fast polarization variation due to lightning. The ability to have early
detection of these activities will prevent service disruption.

E. Ip et al., “Using global existing fiber networks for environmental sensing,” Proc. IEEE, 10(11), 1853-88 (2022).




How to Achieve It?

* External disturbance will affect phase and polarization of light in optical fiber, since in current coherent
optical communication system, data is encoded into phase and polarization of transmitted light.
Through detecting variation of light phase and polarization, external disturbance can easily be

detected.
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1. Ezra Ip, Yue-Kai Huang, Glenn Wellbrock, Tiejun Xia, Ming-Fang Huang, Ting Wang, and Yoshiaki Aono, "Vibration Detection and Localization
Using Modified Digital Coherent Telecom Transponders," J. Lightwave Technol. 40, 1472-1482 (2022)

2. Mecozzi, A., Antonelli, C., Mazur, M., Fontaine, N., Chen, H., Dallachiesa, L., & Ryf, R. (2023). Use of optical coherent detection for
environmental sensing. Journal of Lightwave Technology, 41(11), 3350-3357.




How to Achieve It?

 Through detecting variation of light phase and polarization, external disturbance can easily be
detected. To provide position information, we can use two bidirectional transmission fiber, by
calculating correlation of two phase changes at the same location, location information can be
obtained. However, transmission capacity in one direction will be wasted.
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Y. Yan, F. N. Khan, B. Zhou, A. P. T. Lau, C. Lu and C. Guo, in Journal of Lightwave Technology, vol. 39, no. 7, pp. 2241-2249, 1
Aprill, 2021




Forward Transmission Based Scheme

* Construct two differential phase signals:
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Forward Transmission Based Scheme

* Further work has shown it is possible to detect phases of communication signals in
both directions and through perfect synchronization and correlation, sensing function
can be realized.

* No realtime sensing is possible though.
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Ezra Ip et al., “Vibration detection and localization using modified digital coherent telecom transponders,” J. Lightw.
Technol., vol. 40, no. 5, pp. 1472-1482, Mar. 1, 2022




Distributed Acoustic Sensing(DAS) Based on Rayleigh Scattering

e (Can be realized in time domain as a one dimensional LIDAR.
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 Orthrough linear frequency modulated(LFM) pulse, like FMCW LIDAR
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Ezra Ip, et al, "Using Global Existing Fiber Networks for Environmental Sensing," Proceedings of the IEEE, 111(11), pp.
1853-1888 (2022).



Integrate Communication and Sensing Signals

* Frame structure of integrated sensing and communication header (ISACH)
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Wang, J., Ly, L., Wang, L., Yan, Y., Tao Lau, A.
P., & Lu, C. (2024). High-efficiency ISAC to
enable sub-meter level vibration sensing for
coherent fiber networks. In 2024 Optical
Fiber Communications Conference and
Exhibition, OFC 2024




Integrate Communication and Sensing Signals

Tx DSP

B
!

¥ K>

Laser

DP-IQM
Rx
sensing
MSG  bpse:

©

Round trip time of 10 km fiber is
100 ps.

An SOA is used to cut off the signal
to avoid the superposition of
Rayleigh backscattered signals.

A PZT is wused to stimulate
vibrations

EDFAIl

-}-

Sensing

Sensing DSP

TTITIT

ICR+DSO2

G Do G5

90°
Hybrid+
BPD+

Offline
Telecom
DSP

— frame sync.
TS-A 256 periodic QPSK 2 FOE
symbols . .
estimation
TS-B 128 QPSK symbols SOP
followed by128 zeros estimation
TS-C 2048 QPSK symbols taps pre-
convergence

SOA: semiconductor optical amplifier.
| MSG: microwave signal generator. WS:
| waveshaper. OBPF: optical bandpass

| filter.

incudth | <100 Hz
AWG 92 GSa/s
DSO1 80 Gsa/s:
DSO2 2 Gsa/s

ISAC head duration is 182 ns.

Telecom: dual polarization 60

GBaud 16QAM with a roll off

factor of 0.02

Sensing: LFM signals centered

at different frequencies with

250

(corresponding  to
resolution).

MHz bandwidth

0.5m




Integrate Communication and Sensing Signals
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Integrate Communication and Sensing Signals

e Sensing using submarine communication cable.
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Integrate Communlcatlon and Sensmg Signals

Lincoln Tunnel [1] (New 120000
York)
Cross-harbour tunnel [2] 103832
(Hong Kong)
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Two 20-km fibers from the same fiber bundle

tube diameter ~ 24 mm with over 100 fibers.

The total length of the fiber is 20 km.
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Y. Yan, K Chandramouli, J. Zhang, C. Lu, A.P.T. Lau, “Multimodal Traffic Monitoring using Two Co-Routed Field KRNU
Deployed Fibers in Metropolitan Environments, OFC 2024, M1K.4 , San Diego, USA, 2024

[1] https://aamcar.com/lincoln-tunnel/
[2] https://atc.td.gov.hk/harbour
[3] Wikipedia:Kingsway Tunnel



Conclusions

Integration of sensing functionality will increase the value of deployed optical
network. In addition, it may help to ensure reliable operation of high-capacity optical

networks.
Preliminary experiments have shown the possibilities. Further study is still necessary

to choose the best approach.
Many potential applications have been demonstrated with many future
opportunities.
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