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1. Introduction

Glass optical fibres are made from fused silica, are about the diameter of a human hair, and
transmit light over large distances with very little loss. They can also be made to be sensitive
to their state and environment and are therefore well suited as sensors. Optical fibres
sensors (OFSs) have been the subject of a remarkable interest in the last 30 years, since they
present some distinct advantages over other technologies (Culshaw & Dakin, 1997). The
principal single attractive feature of optical-fibre sensors is undoubtedly their ability to
function without any interaction with electromagnetic fields. This opens applications in the
electrical power industry and assists very significantly where long transmission distances of
relatively weak signals are an essential part of the sensing process. The lack of electrical
connections has other, broader implications. Optical sensors have major advantages when
conductive fluids, such as blood or sea water, are involved. Also, the need for intrinsic
safety (for example, in monitoring the presence of explosives gases or in assessing
petrochemical plants) is often paramount. The optical fibre is also remarkably strong, elastic,
and durable, and has found its place as an instrumentation medium for addressing smart
structures, where the sensors must tolerate the environment to which the structure is
subjected and therefore to be immune to large physical strain excursions, substantial
temperature excursions, and often a chemically corrosive operating environment.

Fibre optic sensor technology has been a major user of technology associated with the
optoelectronic and fibre optic communications industry. Many of the components associated
with these industries were often developed for fibre optic sensor applications. Fibre optic
sensor technology, in turn, has often been driven by the development and subsequent mass
production of components to support these industries. As component prices have fallen and
quality improvements have been made, the ability of fibre optic sensors to displace
traditional sensors for rotation, acceleration, electric and magnetic field measurement,
temperature, pressure, acoustics, vibration, linear and angular position, strain, humidity,
viscosity, chemical measurements, and a host of other sensor applications has been
enhanced (Udd, 2002).

In the early days of fibre optic sensor technology, most commercially successful fibre optic
sensors were squarely targeted at markets where existing sensor technology was marginal
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18 Optical Fibre, New Developments

or in many cases nonexistent. The inherent advantages of fibre optic sensors were heavily
used to offset their major disadvantages of high cost and end-user unfamiliarity. The
situation is changing. Laser diodes that cost $3000 in 1979 with lifetimes measured in hours
now sell for a few dollars in small quantities, have reliability of tens of thousands of hours,
and are widely used in compact disc players, laser printers, laser pointers, and bar code
readers. Single-mode optical fibre that cost $20/m in 1979 now costs less than $0.10/m, with
vastly improved optical and mechanical properties. Integrated optical devices that were not
available in usable form at that time are now commonly used to support production models
of fibre optic gyros. Also, they could drop in price dramatically in the future while offering
ever more sophisticated optical circuits. As these trends continue, the opportunities for fibre
optic sensor designers to product competitive products will increase and the technology can
be expected to assume an ever more prominent position in the sensor marketplace.

In the following sections we will review the main fields in which we successfully adopted
optical fibre sensor technology. In particular, we will focus on the use of distributed fibre
sensors for structural health monitoring; then we will describe an application of fibre-optics
Bragg grating technology in the field of aeronautic engineering. Finally, an optical fibre-
based tactile sensor for robotic applications will be described. The selection of these
applications has been made to clearly show how the same base device, i.e. the optical fibre,
can be successfully used to address sensing problems at very different scales, from large
structures down to micro-scale devices.

2. Application in civil engineering

The safety assessment of ordinary structures is usually based on the experimental testing of
displacements or strains under the design loads, by taking into consideration measures
related to a selected discrete number of points. For many engineering works of strategic
significance like bridges, pipes, rising buildings, dams and tunnels, safety should be
continuously assessed during their complete life-time. It is worth to note that the response
of these structures, which for their nature could be damaged by severe load conditions, has
to be monitored along the whole construction. When compared with traditional electrical
strain gauges used for strain monitoring of large structures, OFSs have several
distinguishing advantages, including:

1. A much better invulnerability to electromagnetic interference, including storms,
and the potential capability of surviving in harsh environments;

2. A much less intrusive size (typically 125um in diameter—the ideal size for
embedding into composites without introducing any significant perturbation to the
characteristics of the structure);

3. Greater resistance to corrosion when used in open structures, such as bridges and
dams;

4. A higher temperature capacity with a widely selectable range;

5. A longer lifetime, which could probably be used throughout the working lifetime
of the structure (e.g., >25 years) as optical fibres are reliable for long-term operation
without degradation in performance.

Besides the above mentioned advantages, fibre optics technology offers the unique
possibility to perform the experimental reading of strains over the structure in a fully
distributed manner. This feature is accomplished by the so-called distributed optical fibre
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Optical fibres in aeronautics, robotics and civil engineering 19

sensors, by which not only can the magnitude of a physical parameter or measurand be
monitored, but also its variation along the length of the fibre can be measured. Distributed
sensors are especially appropriate when there is no a priori information allowing a spatial
delimitation of the sensing region. The experimental procedure consists of durable devices
set on the structure at an early stage of the building process that is particularly able to detect
the onset of damages or defects during the whole life-time of the structure (Measures 2002).
Truly distributed sensing techniques are commonly based on some kind of light scattering
mechanism occurring inside the fibre. Spatial resolution is typically achieved by using the
optical time domain reflectometry (OTDR) (Barnosky & Jensen 1976), in which optical pulses
are launched into an optical fibre and the variations in backscattering intensity caused by
measurand is detected as a function of time.

While OTDR is a quite simple and established technique, it does not allow strain sensing.
The latter can be achieved by exploiting the phenomenon of Brillouin scattering. In Brillouin
effect an optical pump wave is scattered by acoustic waves leading to Stokes (a longer
wavelength than that of the pump) or anti-Stokes (a shorter wavelength than that of the
pump) components (see Fig. 1).
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Fig. 1. The Brillouin spectrum.

Essentially, scattering occurs as a result of a Bragg-type reflection from moving diffraction
gratings created from the refractive-index variations caused by acoustic waves propagating
axially in the fibre material. These acoustic waves can be generated spontaneously by
thermal excitation and, when this is the case, the resulting scattering effect on optical waves
is known as spontaneous Brillouin scattering. However, as the optical pump power is
increased the wave scattered backwards from an acoustic wave will increase in amplitude
and will interfere significantly with the forward-travelling pump wave. An optical beat
signal arises within the fibre, which generates a pressure wave having the same frequency
as the optical beat signal, via the phenomenon of electrostriction; this pump-induced index
grating scatters the pump light through Bragg diffraction. Scattered light is down-shifted or
up-shifted in frequency because of the Doppler shift associated with a grating moving at the
acoustic velocity Va. This positive feedback, backscattering process is known as the
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20 Optical Fibre, New Developments

stimulated Brillouin scattering (SBS). It leads to much larger backscattering at the Stokes
frequency than in the spontaneous case. Brillouin effect leads to a Stokes and anti-Stokes
frequency shift in the optical fibre which is given by (Agrawal 2001):

(1)

where 7 is effective refractive index of the guided mode, V4 is the acoustic velocity and 4 is
the free-space pumping wavelength. For silica fibre at a pumping wavelength of 1.55 um we
have vg ~ 10.8 GHz. As Brillouin frequency shift depends on both the optical refractive
index and the acoustic wave velocity, it changes whenever these quantities change in
response to local environmental variations and can be used to deduce the temperature and
strain along the fibre. Several experiments have demonstrated an excellent linearity of the
Brillouin frequency shift with respect to both fibre strain and temperature, for a wide range
of these quantities. At a pump wavelength of 1.32 pm, a typical temperature coefficient of
1.36 MHz/°C and strain coefficient of 594.1 MHz/ % are reported (Nikles et al., 1997).

As an example of application of distributed sensors in the field of structural health
monitoring (SHM), we report the results of strain measurements carried out along an 8-
meters-long “1” steel beam subjected to load (Bernini et al.,, 2006a). In particular, the
measurements were carried out by using a transportable prototype able to carry out SBS
distributed sensing in the time-domain. Two tests were performed: the first one refers to the
integral beam, while the second one was performed after the intentional formation of a
defect localized over a 10cm-long portion of the beam. The results, shown in Figs. 2 and 3,
demonstrated the capability of the sensor to identify both position and amount of damage.
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Fig. 2. Strain profile measured along the integral beam and comparison with the theoretical
profile.
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Fig. 3. Strain profile measured along the beam with a defect and comparison with the
theoretical profile.

Distributed strain measurements can be carried out also by using a detection scheme
operating in the frequency-domain (Garus et al., 1996). In this case, the pump beam intensity
is sinusoidally-modulated, and the corresponding modulation induced on the cw probe
beam intensity is coherently measured in magnitude and phase. Synchronous detection
offered by frequency-domain schemes allows for spatial resolution and accuracy typically
higher than time-domain approaches (Bernini et al., 2002). As an example, we report strain
measurements carried out along a 4m-long, L-shaped aluminium beam subjected to a 2kg-
load at the beam middle section (Bernini et al. 2006b).
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Fig. 4. Strain profile measured along the integral beam (solid red line), and comparison with
the theoretical profile (circles). The inset shows the optical fibre position with respect to the
loaded beam.
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The comparison between the measurement and the strain profile calculated by a finite-
elements method (FEM), shown in Fig. 4, demonstrates the high level of accuracy offered by
frequency-domain SBS approaches.

Another interesting application of fibre-optic distributed sensor, consists in the monitoring
of pipelines. In particular, it has been demonstrated that by measuring the strain profile
along three longitudinal directions of a pipe, it is possible to identify the position and the
vectorial amount of pipe dislocation (Bernini et al., 2008). Such a technique can be applied,
both directly for pipeline integrity monitoring, both in the geotechnical field for the
monitoring of deformation of the soil surrounding the pipe itself. Experimental tests were
performed by using a frequency-domain SBS-based sensor. In particular, a 1.5m-long
polyethylene (PE) pipe was used, along which strains were read by attaching an optical
fibre running along three longitudinal directions angularly spaced of 120°. As an example,
we show in Figure 5 the measurements carried out after displacing a 25cm-long section of
the pipe of 20cm along the -x direction.

An appealing aspect of such measurements is the possibility to reconstruct, section by
section, the spatial deformation of the pipe. Actually, by making simple calculations based
on the Bernoulli theory, pipe dislocation along the x- and y- directions can be deduced at
each pipe section. A 3D reconstruction of the deformed pipe, obtained by opportune
processing of the data shown in Fig. 5, is reported in Fig. 6, along with the ideal
reconstruction obtained by using the numerically calculated deformations.
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Fig. 5. Experimental (solid red line) and numerically calculated (circles) strain profiles along

fibre A (a), fibre B (b) and fibre C (c), for a 20-cm displacement of the pipeline along the

negative x-direction.
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Fig. 6. 3D representation of the deformed pipe, estimated according to the experimental

strains (leftmost red pipe) and the FEM numerically calculated strains (rightmost blue pipe).

3. Application in aeronautics

Many research projects worldwide tackled the problem of noise and vibration reduction in
aeronautic structures for improvement of both cabin comfort and of structural health.
Among these, the European project MESEMA had the main objective of designing and
implementing an active noise control system on a full-scale test rig consisting of a segment
of a civil aircraft fuselage. The problem addressed was the reduction of cabin noise in a
broad frequency band, ranging from 100 Hz to 500 Hz. The active control was realized by
using actuators based on a proven and patented concept, the magnetostrictive auxiliary
mass damper, which was optimally designed for this application (May et al. 2006).
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Fig. 7. Actuator with integrated optical sensor: schematic and actual installation on the
aeronautic structure.

Unfortunately, the dynamic behaviour of this device was affected by two sources of
nonlinearity. The first one due to the elastic suspension kinematics used for displacement
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amplification; the second one due to the hysteretic behaviour of the magnetostrictive
material. In order to overcome the limitation and negative effects of these nonlinearities
within the main control system, the actuator was equipped with an optical sensor based on a
Fibre Bragg Grating (FBG) used for low-level actuator control to measure the displacement
of the inertial mass, so as to estimate the state of the mechanical system.

The possibility to use an FBG as strain sensor is related to the changes in its optical reflection
spectrum produced by an applied strain (Kersey et al. 1997). In particular, the centre
wavelength of the FBG reflection spectrum is linearly dependent on strain, so that the latter
can be retrieved on a wavelength-encoding basis. In case of static strain measurements, FBG
interrogation is typically performed by using a wideband optical source, such as an LED,
while monitoring the portion of the source spectrum reflected by the grating. By doing so,
the centre wavelength of the reflected spectrum provides a direct measurement of the
applied strain. Such an approach typically involves the use of an optical spectrum analyzer
in order to acquire the reflection spectrum, so that it is inherently slow and not suitable for
dynamic measurements. For our dynamic measurements, we choose to adopt a narrowband
demodulation approach, capable of detecting strain changes up to the kHz range. Apart
from the possibility to detect fast strain changes, the narrowband demodulation technique
presents other advantages, such as high signal-to-noise ratio, low cost, and ease of use (Zhao
& Liao 2004). The principle of operation of the narrowband technique can be understood by
looking at the optical set-up connected to the FBG, and schematically illustrated in Fig. 8.
Light emitted by a distributed feedback (DBF) diode laser is sent to a Y-coupler, which
directs laser light to the FBG. Light reflected from the FBG is then re-directed to a high-
speed photodiode (PD). Assuming that the laser frequency is within the linear range of the
FBG reflection slope, the strain signal will produce a change in the reflected optical power,
which is measured by the photodetector. In other words, using a narrowband laser at a fixed
wavelength permits to convert any FBG spectrum wavelength modulation induced by the
strain signal, into an intensity signal, which is finally converted into an electrical signal by
the photodiode. In our measuring set-up, the electrical output from the photodiode was sent
to a conditioning electronics, which basically comprises a bandpass filter used to eliminate
the dc component and the high-frequency noise.

Y-Coupler FBG
DEDR Dicce Laser 3 B

180

fl').-..u:i' v

Fig. 8. FBG interrogation scheme (left) and reflectivity spectrum of the grating (right).

Figure 8 shows the reflectivity spectrum of the FBG used in our experiments, as measured at
room temperature and with no applied strain. It can be seen that the spectrum has a quasi-
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flat top from 1552 nm to 1556 nm, with a peak reflectivity greater than 75%. The leading
edge of the FBG reflection curve extends from 1547.28 nm to 1550.95 nm (measured from
10% to 90% of maximum reflectivity), whereas the trailing edge extends from 1556.37 nm to
1557.24 nm. The trailing edge of the FBG reflection curve allowed for about 72 GHz linear
slope width, and it was chosen as the operating range due to the higher linearity exhibited
by the FBG reflectivity in this spectral portion. In order to keep a linear relationship between
the reflected optical power and the strain signal, the DFB laser emitting wavelength must lie
within the trailing edge of the FBG reflectivity spectrum (see Fig. 8). Moreover, assuming a
typical FBG curve shift of 1 nm for an applied strain of 1000 pe ((Kersey et al. 1997), the
strain level must be kept lower than 870 pe in order to avoid sensor output saturation.

I AX
b+ab . ‘ B
<" AR
255
A L2 } | |

zll_:l_:i___,‘,_ s U:U

~1 I“

i o= 0y

Fig. 9. Sketch of sensor mounting setup.

Before attaching the FBG to the magnetostrictive actuator, the portion of fibre jacket
corresponding to the grating position was removed, so as to avoid strain transfer loss from
actuator to FBG. The FBG was then pre-stressed and glued to the actuator by epoxy resin.
Pre-stressing of the FBG was necessary in order to avoid buckling of the fibre in which the
sensor is written. Mounting of the FBG was carried out, such that the output of the optical
sensor is a measurement of one of the state variables of the system, a(t). A sketch of the
mounting set-up is shown in Fig. 9. As the output provided by the FBG is proportional to
the strain of the fibre segment between the two bonding points A and B, the relationship
between the strain and the angular displacement has to be determined. Such a relationship
can be obtained by means of geometrical considerations. Referring to Fig. 9, let us start by
considering that, under real experimental conditions, the displacement Ax of the moving
mass is much smaller than the lever arm length 1, hence Ax = [Aa.. Moreover, Ax is also much
smaller than the fibre segment b, so that we can also assume AB~ 0. Under this
approximation, the displacement Ax is nearly equal to Ab. As the optical sensor provides an
output proportional to the strain Ab/b, we can finally write:

EA—bziAa (2)
b b

Hence, under the small signal hypothesis, the quantity measured by the FBG is directly
proportional to the angle variation Aa=0—00. After bonding the FBG, the DFB laser emitting
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wavelength was temperature-tuned in order to guarantee a linear response of the sensor,
over the whole range of actuator displacements. Calibration of the FBG was carried out by
aid of an accelerometer mounted to the moving mass, so as to measure the acceleration
along the vertical axis. The sensor sensitivity was estimated by comparing the measured
frequency response functions from the excitation signal to the second time derivative of the
FBG output signal, and from the excitation signal to the accelerometer output signal,
respectively. Results are shown in Fig. 10. Based on the calibration constant of the
accelerometer, we estimated an FBG sensitivity of about 37.6 mV /pm.
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Fig. 10. Bragg calibration result: accelerometer (blue), Bragg second time derivative (red).

As mentioned before, the actuator nonlinearity causes a dependence of the structural
frequency response on the amplitude of the driving current. This nonlinearity affects the
satisfaction of the force requirements and makes the actuator difficult to implement in the
noise control system. Therefore, a feedback controller exploiting the FBG measurement has
been designed to reduce alterations of the structural response due to variations of the input
current level. The control scheme is reported in Fig. 11 and the details of the design
procedure can be found in (Cavallo et al. 2009). The control law basically tries to impose a
desired dynamic behaviour to the actuator as specified in the reference model, which is
linear time-invariant system with a fixed resonant frequency, so that the actual resonant
frequency does not depend on the current level any more.
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Fig. 11. Actuator feedback control scheme.
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Fig. 12. Actuator behaviour at different current levels: control off (blue), control on (red).

Fig. 12 reports the experimental results obtained applying this control scheme. The blue
lines represent the actuator frequency response function measured at three different input
currents without the feedback control. In the same figure, it is possible to see the positive
effects on the actuator behaviour of the feedback control exploiting the sensor measurement.
In fact, the red lines represent the same FRFs measured with the control loop activated, and
they all exhibit the same resonant frequency, resulting in a phase shift almost insensitive to
the input current amplitude. Of course such a characteristic is mandatory when the actuator
resonance is exploited to actively control the vibrations of a flexible structure subject to a

disturbance force field in a frequency range containing the actuator resonant frequency
itself.
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4. Application in robotics

The number of application domains of robotic systems is rapidly growing and in particular
the service robotics is becoming the most popular. In such application field a high degree of
autonomy is required for the robot and thus a large number of exteroceptive sensors appear
necessary. When multifingered robotic hands are considered, the requirement of minimally
invasiveness for the sensory system is of major importance due to the limited space
available in a mechanical structure with several degrees of freedom. In a robotic hand,
different exteroceptive sensors are required to ensure stable grasping and manipulation of
objects. Among these, sensing of both contact point and contact force appears mandatory for
any control algorithm which intends to achieve such goals. Even though many different
technologies have been explored and tested to build tactile sensors, like piezo-resistive (Liu
et al., 1993), capacitive (Morimura et al., 2000), piezoelectric (Krishna & Rajanna, 2002),
magneto-resistive (Tanie, 1986), optoelectronic approaches demonstrated their potential
since the beginning of tactile sensors development (Maekawa et al., 1993). Also, on the
market optoelectronic tactile sensors can be found that measure distributed tactile
information, but such tactile information is generally limited to pressure force, and spatial
resolution is coarse, a few millimetres order. Generally, a commercial sensor accurately
responds to a load of 0.25 N or more up to 2 N, but such a range can be too narrow for
manipulation tasks. More recently, a number of different optical approaches have been
pursued, among which the solution based on an LEDs matrix has been presented in
(Rossiter & Mukai, 2005) and the solution based on a CCD camera is reported in (Ohka et al.,
2006).

Among optical approaches, those based on the use of optical fibres appear particularly
suitable for pressure sensing, thanks to the low size and minimum invasivity of fibres
themselves. Since the advent of fibre optics, it has been recognized that optical fibres can be
used as effective pressure (and tactile) sensors. One of the earliest demonstrations of such a
capability relied on the pressure-induced displacement of a diaphragm placed close to the
tip of an optical fibre (Cook & Hamm, 1979). The fibre was operated in reflection mode, so
that changes in reflected intensity can be used as a measure of the pressure applied on the
diaphragm. In case of tactile sensing, such an approach presents the disadvantage of
requiring a complex micromachining at the tip of the fibre. Another possible approach is
based on the intensity loss resulting from pressure-induced bending of the fibre (Fields et
al., 1980). However, in this case the response of the sensor is highly nonlinear due to the
exponential dependence of the bending loss on the radius of curvature of the fibre. More
complex examples can be found based on interferometric approaches, where the changes in
the optical phase are used as transducer mechanism to sense the pressure (Saran et al., 2006,
Wang et al., 2001, Yuan et al., 2005). Interferometric sensors exhibit high sensitivity, but also
present some disadvantages, such as low tolerance to external disturbances, and periodicity
in their response.
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Fig. 13. Sketch of the single sensing element (taxel).

Recently, we proposed a solution based on the scattering of the light illuminating the
surface of urethane foam (De Maria et al., 2008). The configuration makes use of a couple of
emitter/receiver fibres placed at the edge of a micromachined well covered by the foam.
The distance between the two fibres can be chosen in order to ensure a desired sensitivity of
the sensing element. As a demonstration of the effectiveness of the proposed configuration,
we present the results of two sensors, in which the relative distance between the two fibres
was properly selected in order to fit the range of pressures to be detected. Top and lateral
schematic views of a single taxel are shown in Fig. 13. The sensor works as follows: the light
emitted by the illuminating fibre is scattered by the internal surface of the urethane foam
and a fraction of its power is collected by the receiving fibre, depending on the applied
pressure. In particular, when one applies a pressure on the external surface of the urethane
foam, the distance between the tip of the collecting fibre and the internal surface of the foam
is reduced, and this will result in an increased fraction of power collected by the receiving
fibre. The use of a scattering surface, such as that of the urethane foam employed for the
realization of the prototypes, is justified by the fact the multiple scattering permits to
smooth (average-out) local variation of light intensity within the cavity, and thus reduce the
sensitivity of the collected power on micro-displacements of the illuminating and/or
receiving fibre. As the power collected by the receiving fibre is a function of the pressure
applied on the foam surface, it can be used as a measure of the applied force. Obviously, the
collected light is also a function of the relative distance between the illuminating and the
receiving fibres. In our experiments, such a distance was kept constant and was not a
function of the applied force. However, we can exploit such dependence, by choosing an
opportune distance giving rise to a desired sensitivity of the sensor on the applied pressure.
Generally speaking, a smaller distance will result in a higher sensitivity, so that smaller
pressures can be measured.

On the other hand, a higher sensitivity implies a reduced dynamic range, i.e. the sensor
response will saturate at lower pressure levels. Hence, a trade-off must be found between
sensitivity and dynamic range.

One advantage of the proposed technique is that it can be easily extended to a number of
taxels, so as to acquire a pressure distribution. Figure 14 shows a possible configuration of a
matrix of taxels to realize a complete tactile sensor able to detect both contact point and
contact force applied on a finite area.

Two different taxels have been produced with the same well and two different distances
between the emitting/receiving fibres, i.e. 10 um and 200 pm. The micromachined well size
is 5x5 mm2. The optical source was a superluminescent LED operating at a central
wavelength of 1550nm, and having an output optical power of 3mW. The output pigtail of

www.intechopen.com



30 Optical Fibre, New Developments

the source was connected to the illuminating fibre, whereas the receiving fibre was
connected to an InGaAs photodiode, whose output signal was fed to an oscilloscope having
an input impedance of 1 MQ. Both illuminating and receiving fibres were SMF-28, single-
mode optical fibres. The two prototypes have been calibrated with a load cell mounted as
shown in Fig. 15. The results corresponding to the calibration of the first prototype are
reported in Fig. 16 (left), where the output voltage, proportional to the optical power
collected by the receiving fibre, is plotted against the load applied to the sensor. As
expected, the sensitivity is very high but with a limited dynamic range. Moreover, to test the
repeatability of the measurements, different sets of measurements have been collected and
two of them are reported in the figure.

&(&C{Q < llluminating fibre
GECE S

Fig. 14. Schematic diagram of a 10-taxel tactile sensor.

€ Receiving fibres

Tactile sensor

T

Load cell for calibration Illuminating fibre Receiving fibre

Fig. 15. Experimental set-up for the fibre-optics based taxel.

The second prototype, as expected, had a lower sensitivity but wider dynamic range, as
shown by the calibration curve of Fig. 16 (right). In both cases, the sensitivity is certainly
better than the typical values of commercial optical tactile sensors.
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5. Conclusions

In this chapter, a number of experimental demonstrations on the use of the optical fibre
sensor technology have been reported. It has been shown that different application fields
can take advantage of the peculiar characteristics of optical fibre sensors. In particular,
distributed fibre sensors have great potentiality in the field of structural health monitoring,
as they permit to perform continuous measurements of the quantity of interest. On the other
hand, fibre Bragg grating technology offers high sensitivity and accuracy, and in general it
benefits from the immunity to electromagnetic interference, in common with other fibre-
optic sensors. Finally, the small size and minimally invasiveness of optical fibres have been
demonstrated to be useful in robotic applications, where the use of fibre-optics may lead to
efficient exteroceptive sensing systems.
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