Optosensing Srl
Railway Monitoring
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 Railway monitoring
In the field of railway infrastructure monitoring, standard inspection techniques may fail in
revealing defects or unusual features, and some components may not receive close up
examination if, for example, access is difficult or operating conditions do not permit.
Distributed sensing offers a unique opportunity in long-term Structural Health Monitoring
(SHM). In fact, analyzing the dynamic deformation of the rail track induced by train
passage, several parameters can be retrieved simultaneously, such as:
- real time temperature & deformation of the rail track, also useful to prevent
landslides and disasters;
- axles counting;
- train axles mutual distance;
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- train weight in motion;
- train speed and acceleration;
- wheel flat monitoring.
About this work
This work describes the application of a distributed optical fiber sensor based on
stimulated Brillouin scattering, as an integrated system for safety monitoring of railway
infrastructures.
Measurements were performed by using a Brillouin Optical Time-Domain Analysis (BOTDA)
interrogation unit developed by our group.
The tests were performed on the Peschici–San Severo regional railway line, connecting the
northern coast of Gargano to the Adriatic railway, and operated by Ferrovie del Gargano.
In particular, dynamic tests were performed along a 60 m rail sector, as well as a stone
bridge located in proximity of the San Menaio Station.
Also, we report the results of a 15-months monitoring campaign performed on the same
railway bridge. Such activity was aimed to reveal the onset of potential structural damages
of the bridge.

Fig. 1 - Peschici- San Severo railway line.

Results of dynamic strain measurements
Dynamic strain was acquired along a standard telecommunications single-mode optical
fiber with an overall diameter of 900m, glued along a 60m rail sector by use of epoxy
adhesive.
We show in Fig. 2(a) the dynamic strain captured by the slope-assisted BOTDA sensor at a
spatial resolution of 1 m and an acquisition rate of 31 profiles/s, when the instrumented
rail sector is crossed by a two-bogies (four axles) train bound for Rodi.
Four diagonal lines are distinguished in the measured strain map, each one associated to a
specific train axle.
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It is seen that each axle induces a tensile strain of approximately 200 micro strain when
crossing the selected position.
As the axle traces appearing in Fig. 2(a) are straight lines, it is easily concluded that the
train was running at constant speed during its passage over the instrumented rail.
Actually, the speed of each axle coincides with the slope of the corresponding strain
trace.
By fitting a straight line to any of the traces in Fig. 2(a), a speed of 39.5 km/h is retrieved
for the passing train.

Fig. 2(a) - Strain induced on the rail track by train passage as a function of time and position;
(b) - Strain induced by train passage as a function of time, at z = 48 m.

As a second test, we recorded the strain footprint left by a diagnostic car. The latter was
composed of a two-bogies (four axles) motor car, followed by two trailer cars, each one
composedof two bogies.
Differently from the previous case, the diagnostic car was not performing commercial
service. Therefore, the measurement could be performed in a special condition, inwhich
the train, bound for Rodi, was accelerating
when crossing the monitored sector.
The result of the acquisition, still performed
at 1 m spatial resolution and 31 profiles/s
acquisition rate is shown in Fig. 3.
Carefully examining the strain map, up to
six bogies (12 axles) are recognized, two of
them belonging to the motor car ((e-f)), the
other four to the trailer cars ((a-d)).
We also observe that the axle traces are
not straight lines, rather they show some Fig. 3 Strain induced on the rail track by diagnostic
car passage as a function of time and position.
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curvature.
A curvature in our space-time representation is a clear sign of acceleration: in particular,
the measurements indicate a positive acceleration of the train during its passage over
the monitored sector.
For demonstration purposes, we report the calculation of the speed for one of the axles.
In particular, we chose the first axle (i.e., the first one entering the instrumented section)
as it was the one experiencing the maximum acceleration.
Axle trace was retrieved by identifying the time instant at which the strain peak is visible
on the acquired traces, at each fiber position.
The results of this procedure are reported in Fig. 4(a) (solid blue line).
The axle speed is then computed by taking the slope of the retrieved trace in each point.

Fig. 4(a) - Axle trace relative to the first axle, as retrieved from data shown in Fig. 3;
(b) - Speed of the first axle as a function of time.

Results of dynamic and static strain measurements along the rail bridge
The second test campaign was performed on a railway bridge located close to the
instrumented rail sector (San Menaio Station). The bridge is a 3 m-long, single span,
stone arch bridge, showing evident signs of ageing.

Fig. 5 - Instrumented rail bridge; the red curves indicate the path of the glued optical fiber.
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In order to perform SHM, a piece of single-mode standard fiber, identical to the one
employed in the previous tests, was glued directly over the bridge following four paths.
As far as the dynamic test is concerned, the measurements, carried out at 1 m spatial
resolution and 43 profiles/s acquisition rate, were performed when a two-bogies (four
axles) train was passing over the bridge.
The results, summarized in Fig. 6(a), show that two definite, compressive strain peaks
appear along the fiber at the passage of each bogie. In particular, the two peaks were
recorded around the middle of the two fiber strands glued along the upper part of the
arch, with the most compressed one lying on the “hill side”.
Mapping the two fiber positions on the monitored structure, these two sections
correspond approximately to the upper part of the arch keystone.
Fig. 6(b) reports the strain acquired at the instants in which the two train bogies pass
over the bridge.

Fig. 4(a) - Axle trace relative to the first axle, as retrieved from data shown in Fig. 3;
(b) - Speed of the first axle as a function of time.
Fig. 6(a) - Strain induced on the arch bridge by train passage, as a function of time and position;
(b) - Strain induced on the arch bridge by train passage as a function of position, at t = 9.27s
(blue solid line) and t = 10.75 s (red dashed line).

Conclusions
A fiber-optic distributed sensor has been employed for integrated monitoring of railway
infrastructures. The sensor is based on stimulated Brillouin scattering in an optical fiber.
The results indicate that, gluing an optical fiber along the rail, traffic monitoring can be
performed in order to identify the train passage over the instrumented sector and
determine its running conditions.
Furthermore, dynamic and static strain measurements on a rail bridge have been
performed, aimed to detect potential structural defects.
It is believed that health monitoring systems based on distributed optical fiber technology
can offer valuable information in evaluating structural integrity, durability and reliability,
and inensuring optimal maintenance planning and safe operation
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