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Optical fibre infrastructure is the foundation of 
IMT-2030 networks. 

Distributed Fiber Optic Sensing (DFOS) provides a 
new way to protect fiber infrastructure as well as 
enhance network operation and management.



IMT-2030 Usage Scenarios - ITU-R M.2160-0

Different from DFOS



What is Distributed Fiber Optic Sensing (DFOS)?

Detecting environmental disturbances along the entire length of a fiber optic cable by analyzing backscattered light or 
phase/SOP variations in forward transmission direction. 

Physical layer effect Frequency shift in Silica fiber Disturbance detection

Rayleigh backscattering None Acoustic, vibration
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Conventional Fiber Optic Sensing Applications 

Structure Health Security and Safety

Oil/gas Industry Defense and Military



First Report of Fiber Sensing Field Trial in Telecom (OFC 2019)



Fiber Sensing to Identify Deployed Cables

Reduce the time to identify 
a cable in field from day(s) 
to a few minutes!

Ref: G. Wellbrock, OFC 2022, S2B 



Detection of Abnormal Activity Near Deployed Cable

Two digging machines are discovered

Three rolling machines are discovered

Ref: T. Xia et al., OFC 2021, Th4H.3 



Opportunities and Challenges for Telcos

• Enhance network operations and management

• Protect fiber infrastructure by preventing potential damage

• Sensing As a Service: telco fiber as an intelligent sensing network

o Global Global fiber optic cables span > 4 Billion km (2.5B miles). 
Verizon deployment > 800,000 km

Opportunities

• Operate on in-service fiber

• Utilize out-of-band or in-band wavelengths

• No interference to service traffic

• High-resolution localization accuracy

• Support methodology for risk level assessment

• Timely risk alerts to operations team

Requirements

• Equipment cost 

• Equipment portability

• Fiber availability  

Challenges

• ITU-T Q6/15 G.dfos Recommendation for transport network

• ITU-T Q2/15 G.sup.VHSP Supplement for optical access

• Liaison with other SDOs developing DFOS standards

Growing ecosystem through standardization



System architecture example: Back-scattering Type 

Advantages:

• High resolution ~5m within 
~200m radius

• Reach ~100km w/o 
amplifiers

• Already used in the field

Challenges:

• Equipment cost
• Insertion loss of OD/OM 

(mux/demux)
• Wavelength bands 
• Interference to live data 

traffic

ITU-T G.dfos Recommendation 
in progress in Q6/15

DWDM network 

element

DFOS system head-end

D
W

D
M

 D
at

a 

C
h

an
n
el

s

Tx1

Rx1

TxN

RxN

…
.

OD/ 

OM

λdfos

Control & Management 

System

DFOS-ctrl

Txdfos

Rxdfos

Processing, 

Storage and 

other 

Functions

Event Detection 

Function

Tx2

Rx2

DFOS-Sb1

for signals 

going →

DFOS-Rb1 

for signals 

going 

DFOS-Sb2

for signals 

going →

DFOS-Rb2 

for signals 

going 

OD/

OM
(DFOS)

G.dfos Fig. 6-1



Fiber sensing in optical access faces more challenges
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• Additional loss from passive splitters

• Need to distinguish backscattering 
from different distribution fibers

• ITU-T G.sup.VHSP Supplement in 
progress in Q2/15 



Closing Remarks

• Fiber optic sensing is not new, but doing it on a telecom network is, and could be  
extremely scalable

• Exciting applications are demonstrated by operators and continue to evolve

• Standardization helps create a healthy ecosystem to bring down costs

• ITU-T started the first DFOS standard (G.dfos) for telecom applications. Study of DFOS 
for access also started. Many open points to be addressed

• Specialized AI/ML algorithms can be developed targeting operational improvements 
and new services



Thank you !


