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Optical Fiber as a Sensor

Extremely thin, light, flexible, immune to electromagnetic interferences, corrosion or 

alteration due to chemical agents: the excellent properties of optical fibers have 

contributed to a strong impetus to the development of applications in which they are used 

as sensors, in different fields of application. 

In particular, through the Brillouin Scattering Technology both strain and temperature can 

be measured at very high spatial resolution.

TIf properly connected to the monitored element, a single fibre can capture strains or 

temperature changes every 10 centimetres all over the instrumented length, up to a 

distance of some tens of kilometres.

The main advantage of distributed monitoring lies in the ability to record the subject strain 

or temperature in every point of the element to monitor, with an acquisition frequency as 

high as some times per second.

This enables to avoid a priori selecting the part, considered critical, to monitor as in the 

more traditional approach.

Distributed Sensing for Pipeline Monitoring 

Distributed optical fiber sensing has in pipeline monitoring one of its natural field of 

application.

In fact, a distributed optical fiber sensing system, allowing to obtain an accurate strain and 

temperature profiles of the pipe on which it is installed, allows the prevention and the 

detection of intrusions and leakages interesting the pipe itself.

Such a system makes possible to perform a continuous survey of the operating conditions 

of the pipeline and to verify, point by point, the structural integrity since the time of 

installation and during the whole life-time, with the further advantages of being low 

invasiveness and immune to electromagnetic interferences and to chemical and 

atmospheric agents (rain, lightning, high temperature, etc ...).
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About this work

This way, structural problems interesting the monitored pipeline, can be identified at an 

early stage so that it can be planned timely maintenance intervention, resulting in the 

reduction of both the risks of intrusion and/or leakage and the associated costs.

This work reports the results of a test aimed at validation of a pipeline monitoring system 

based on Brillouin optical fiber distributed sensing.

Pipeline A (Fig. 1), a 18 m long pipe supported at both ends, was instrumented for its 

entire length by a single fiber glued on the top. 

The pipe was then tested by means of an hydraulic jack positioned in the middle section, 

imposing vertical downward or upward loads. 

Fig. 2 shows some deformation profiles.

Fig. 1 - Test site. Fig. 2 - Results of the monitoring of the pipeline “A”

A 2 m optical fiber strand was attached to the pipeline “B” and the longitudinal dynamic 

strain was acquired after imposing a free vibration. 

Readings (Fig. 3) clearly show the first natural vibration frequency of the pipe (f = 3.1 Hz).

Fig. 3 - Dynamic deformation map (a); deformation at z = 20 m (b); Fourier spectrum (c).
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Fig. 4 - Temperature peaks corresponding to the leakage positions along a buried pipe.

Conclusions

The tests show that sensing fiber deployed and glued all along the pipelines allows to 

monitoring their strain profile and prevent water, oil or gas leakages: dynamic strain 

measurements reveals structural damages at very earliest stage making sure to avoid 

natural disasters.

Distributed temperature measurements were performed along an optical fiber deployed in 

close proximity of a buried pipeline, which was put in contact with hot water in discrete 

points by opening two valves, in order to simulate a leak along the pipe.

Fig. 4 shows results of these tests: in particular, in the graphs, temperature peaks 

corresponding to leakage positions along the pipe.


