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Abstract:

Besides many advantages, cost reduction and quality enhancement have stimulated
interest in fiber-optic sensors (FOSs). Inventors tactically synchronize ‘fiber optic
telecommunication’ with ‘opto-electronic devices’ to fabricate innovative FOSs In this
paper, classification and applications of Fiber-optic sensors (FOSs) are discussed.
Particular emphasis is given to advances in Sagnac interferometric and polarization modulated
FOSs with their application.
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signals i.e. "Extrinsic Sensors". Optical-
fibers have many uses in remote sensing.

1. Introduction:

In 1960’s, after invention of Laser,

researchers were motivated to study the
potential of optical-fibers for data transfer,
communications, sensing and some other
applications because a laser systems can send
larger data than microwave or electrical
systems. The ability to interact with and/or
control the properties of light propagating in
optical fibres is of fundamental importance in
both optical fibre sensor and optical
telecommunication technologies. An FOS
uses optical-fiber either as the sensing
element i.e. "Intrinsic Sensors", or as a means
of transmitting signals from a remote sensor
to the electronic-circuit that processes the

An FOS measures a physical quantity based
on its modulation on the intensity, spectrum,
phase, or polarization of light traveling
through an optical-fiber. This device converts
light rays into electronic signals. Similar to a
photo-resistor, it measures physical quantity
of light and translates it into the data which
can be observed. Since optical sensors have
many applications, they are found in
everything and everywhere from computers
to motion detectors. For example, when the
door to dark cavity inside of a photo-copier is
opened, light controls the sensor by
increasing in electrical productivity and
triggering the electric response and stopping
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the photo-copier machine for safety.
Distinction is often made in the case of FOSs
as to whether they act externally or internally
on the optical-fiber. Where the transducers
are external and the optical-fiber simply
registers and transmits the sensed data of the
measurand quantity, they are termed as
‘extrinsic sensors’. Where the FOSs are
embedded in or are part of the optical-fiber;
and for this type, there is often some
modification to the optical-fiber itself, such
FOSs are termed as ‘intrinsic sensors’.

FOSs are immune to electromagnetic
interferences because they do not conduct
electricity and can be used where there is high
voltage electricity or inflammable material
such as jet fuel. FOSs can be designed to
endure high temperatures as well.

Figure 1: A simple kind of FOS.

FOSs have been one of the most benefited
technologies of the remarkable
developments, which are achieved by
optoelectronics and optical-fiber
communications industries. Primarily, an
FOS works by modulating the properties of a
propagating light  wave, including
wavelength, phase, intensity and polarization
in response to the environmental parameters
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being measured [1]. Today, optical-fiber
devices, including fiber gratings, play a
major role in optical communication sensor
applications, which include civil,
mechanical, electrical, aerospace,
automotive, nuclear, biomedical and
chemical sensing technologies [2]. Figure 1
shows a simple kind of FOS. The FOSs have
been used in various applications ranging
from monitoring of natural structures for
estimation of seismic vibrations, earthquakes
or volcanic activity [3] to medical systems
like blood oxygen monitoring [4]. For
structural applications, they are used for
strain sensing and damage detection [5-7].
FOSs are also used for sensing force,
pressure, temperature, velocity, acceleration,
rotation, magnetic field, vibration [8-11],
chemical [12-14] and biological species[16-
17], pH level, acoustic waves, environmental
[18] sensing and many other physical
parameters.

An FOS is a device by which a chemical,
physical, biological [40-43] or other
measurand interacts with the light guided in a
optical-fiber or guided to an interaction
region by a optical-fiber to produce an optical
signal correlated to the parameter of interest.
It measures anything which alters the
properties of light. Diagrammatically, an
FOS is illustrated in Figure 2.

The light beam is taken to a modulation
region within an optical-fiber and modulated
therein by physical, chemical, or biological
phenomena, and the modulated light is
transmitted back to the receiver; detected and
demodulated there.
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A basic structure of optical-fiber and a cable
of bunch of many optical-fibers is shown in
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Optical Fiber ;:‘::::I// Optical Fier Figure 3. The core is a glass like dialectic
Bio-Medical cylindrical rod. Mainly light propagates

Lieht Modulator along core of optical-fiber. Though, core and

cladding — both are made up of dielectric
material, refractive index of core is higher
than that of cladding. The cladding executes
such functions as reducing loss of light from
core into the surrounding air, reducing
scattering loss at the core surface, shielding
2. Optical-Fiber Basics: the fiber from absorbing surface
contaminants and adding mechanical
strength. The buffer coating is a layer of
plastic type elastic material used to protect
the optical-fiber from physical damage and

Figure 2 : Basic OFS system consists of an
optical fiber and a light modulating
arrangement
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Figure 4: Different types of optical-fibers.

Optical-fibers are divided into two

Figure 3: Basic structure of the optical

fiber categories:
0] Single mode optical-fibers.
(@) The core. (i) Multimode optical-fibers.
(b) The cladding. Again, optical-fibers are differentiated
(c) The buffer coating. according to the refractive index profile, as:
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Q) Step index optical-fibers.

(i)  Gradient index optical-fibers.
Step index optical-fibers have a constant
index profile over the entire cross section.
Gradient index fibers have a nonlinear but
rotationally symmetric refractive index
profile, which falls off gradually from the
center of the optical-fiber outwards. Figure 4
shows the different types of optical-fibers.

3. Working Principle of Optical-
Fiber Sensors:

Basically, an FOS system is composed of a
light source (Laser, LED, Laser diode etc), an
optical-fiber; a sensing or modulating
element or transducer (which transduces the
measurand to an optical signal), an optical
detector and the processing electronic unit
(oscilloscope, optical spectrum analyzer
etc.). Figure 5 shows the working principle
of OFSs.

Foed Fiber Return Fiber
Optical | ool Optical
Source T Detector
Mcasurement

Zone

Figure 5: Working principle of OFS.

Light beam changes by the phenomena that is
being measured. The principle of operation of
an FOS is that a transducer modulates certain
parameters of the optical system
(wavelength, intensity, phase, polarization
etc.) which causes a change in the
characteristics of optical signal received by
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the detector. Figure 6 shows the general
structure of the FOS system.

Measurand
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Figure 6: General structure of OFS system.

4. Classification Of Optical-Fiber
Sensors:

FOSs are classified under three categories
described below.

(1) The sensing location.
(i)  The operating principle.
(iii)  The application.

4.1 Classification of optical-fiber sensors

according to the sensing location:
Based on the sensing location and operation
mode, FOSs are categorized under two titles
[19-20].

(a) Extrinsic Fiber-optic Sensors.
(b) Intrinsic Fiber-optic Sensors.

Extrinsic Fiber-Optic Sensors
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Figure 7: Extrinsic OFS System
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In an extrinsic FOS, as shown in figure 7, the
optical-fiber is basically used to carry light to
and from an externally sensing optical
device. Here, optical-fiber is a means of
getting the light to the sensing location.In an
intrinsic optical-fiber sensor, as shown in
figure 8, one or more of the physical
properties of the optical-fiber undergo a
change. Perturbations act on the optical-fiber,
which in turn changes some characteristic of
the light inside the fiber.

Applied Force or Perturbation
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Lizht Output
.
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Figure 8: Intrinsic Fiber-Optic Sensor System.

Light lnput
—

4.1.1 Intrinsic Fiber-Optic Sensors:

In an intrinsic sensor, the optical-fiber itself
is the sensing element. The light transmission
takes place in the core of the optical-fiber
itself as transducer. The light beam does not
leave the optical-fiber but is changed whilst
it contained within.

Intrinsic FOSs differ from extrinsic FOSs,
where the light beam does not have to leave
the optical-fiber to accomplish the sensing
function as shown in Figure 9

In the intrinsic FOSs, the optical-fiber
structure is such modified that the optical-
fiber itself plays an active role in the sensing
function, so, light-modulation takes place
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inside the optical-fiber to measure a specific
parameter [29-33].

Optical Fiber as Transducer

a1

Environmental

Signal
INTRINSIC
FIBER OPTIC
SYSTEM
/ﬁ .
Light Source Light Detector

Figure 9: Intrinsic Fiber-Optic Sensor System.

FOSs measure force, pressure, strain,
temperature and other quantities by
modifying an optical-fiber so that the
quantity to be measured modulates the
wavelength, intensity, Phase, polarisation or
transit time of light in the optical-fiber. The
simplest type of optical-fiber requires only a
simple source and a detector. A
characteristically useful feature of intrinsic
FOSs is that they can, provide distributed
sensing over large distances.

Temperature is measured by using an optical-
fiber that has evanescent loss that varies with
temperature, or by analyzing the Raman
scattering, Rayleigh Scattering or Brillouin
Scattering. Electrical voltage is sensed
by nonlinear optical in specially doped
optical-fiber, which alters the polarization of
light as a function of voltage or electric field.
Angle measurement sensors are created on
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the Sagnac effect. Special optical-fibers
like long-period optical-fiber grating (LPG)
[40-43] are used for direction recognition.
Optical-fibers can be made into
interferometric sensors such as optical-fiber
gyroscopes  which are used in
the aircrafts and in some car models for
navigation purposes. They are also used to
make hydrogen sensors.

The FOSs have been developed to measure
co-located  temperature  and strain
simultaneously with high accuracy using
optical-fiber Bragg’s grating. This is useful
when acquiring information from small or
complex structures [22]. Optical-fiber Bragg
grating sensors are well suited for remote
monitoring because they can be interrogated
at nearly 250 km away from the monitoring
station using an optical-fiber cable. Brillouin
scattering effects can also be used to detect
strain and temperature over large distances
up to 120 kilometers [23-24, 40-43].

4.1.2 Extrinsic Fiber-Optic Sensors:

In an extrinsic FOSs, the optical-fiber simply
carries light to or from the sensing element or
it carries light from source and to detector
but, modulation occurs outside the optical-
fiber transducer. Extrinsic optical-fiber
sensors mostly use a multimode type optical-
fiber cable to transmit modulated light from
either a non-optical-fiber sensor, or an
electronic sensor connected to an optical
transmitter. A chief advantage of extrinsic
FOSs is their ability to reach the places which
are inaccessible otherwise. Extrinsic FOSs
are used in the same way to measure the
internal temperature of  electronic
transformers where extreme electromagnetic
fields present make other measurement
techniques impossible. Extrinsic FOSs
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provide excellent protection to measurement
of signals against noise corruption.

Extrinsic sensors are used to measure
physical  quantities  like  vibrations,
revolutions, displacement, velocity,
acceleration, torque, temperature etc. The
distinguished characteristics of the extrinsic
FOS is that the sensing occurs outside the
optical-fiber as shown in Figure 10.

Light Modulator
InPut
Optical Fibe

Environmental Signal

EXTRINSIC FIBER OPTIC SYSTEM

n —

Light Source Light Detector

Figure 10: Extrinsic FOS System.

The optical-fiber performs light delivery and
collection only. The propagating light leaves
the optical-fiber in a way that can be detected
and collected back by another or the same
fiber.

Extrinsic FOSs can be found in systems such
as Fabry—Perot interferometers which
exploits only some of the advantages of
optical-fibers offered over competing
technologies. Intrinsic FOSs such as optical-
fiber gyroscope, optical-fiber Bragg gratings,
long period gratings micro-bend and coated
or doped FOSs exploit most of the
advantages offered by this technology.
Intrinsic FOSs can be embedded within
composite structures. This has attracted
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attentions of many researchers. A
comparison of Extrinsic FOSs & Intrinsic
FOSs is given below:

e Extrinsic FOSs are less expensive than
intrinsic FOS.

e Extrinsic FOSs are less sensitive than
intrinsic FOS.

e Extrinsic FOSs can be easily multiplexed
while intrinsic FOSs are tougher to be
multiplexed.

e Extrinsic FOSs have ingress/egress
connection problems while intrinsic
FOSs reduces connection problems.

e Intrinsic FOSs have more elaborate signal
demodulation than the extrinsic one.

e Extrinsic FOSs include applications like
temperature, pressure, liquid level and
flow while intrinsic FOSs include
applications like rotation, acceleration,
strain, acoustic pressure and vibration.

4.2 Classification of FOSs based on their
applications.

According to their applications, FOSs are
classified as follows:

(a) Physical sensors: Used to measure
physical properties like temperature,
stress, etc.

(b) Chemical sensors: Used for pH
measurement, gas analysis, spectroscopic
studies, etc.

(c) Bio-medical sensors: Used in bio-
medical applications like measurement of
blood flow, glucose content etc.

4.3 Classification of FOSs based on the
operating system.
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Based on the operating principle or
modulation-demodulation process, a FOS is
classified as :

(@) Intensity based optical-fiber sensors.
(b) Wave length  (or  Frequency)
modulated optical-fiber sensors.

(c) Phase  Modulated Fiber Optic
Sensors.

(d) Polarization Modulated Fiber Optic
Sensors.

4.3.1 Intensity modulated optical-fiber
Sensors:

Intensity based FOSs uses multi-mode type
large-core optical-fiber which requires more
light. Figure 11 shows arrangement of
optical-fiber to work as a vibration sensor and
how does the light intensity work as a sensing
parameter. When there is vibrations, the light
propagated from one end to another gets
changed and the vibrations of amplitude is
measured.

l

Figure 11 : Intensity modulated FOS
system.

There are different mechanisms such as
microbending  loss,  attenuation, and
evanescent fields which produce a measurand
induced change in the optical intensity
propagated by the optical-fiber. The
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Microbend sensor is one of the intensity-
based OFSs. It is created on the principle that
mechanical periodic micro bends produces
the energy of guided modes to be coupled
with radiation modes resulting in attenuation
of transmitted light. In this FOS, an optical-
fiber passes between two grooved plates.

[ | il S oy
Light ST Detector
Source
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Optical Field Profile

Figure 12: Evanscent Fiber-Optic Sensor

Evanescent wave Optical-fiber  sensor
(Figure: 12) utilizes the light energy leaked
from core to cladding. They are usually used
as chemical sensors. The sensing is achieved
by stripping the cladding from a section of
optical-fiber and using a light source that is
absorbed by the chemical that is to be
detected.

The resulting variation in light intensity gives
a measure of the chemical concentration.
Similarly, the measurements is performed by
replacing the cladding with a material like an
organic dye whose optical properties can be
changed by the chemical under investigation.

Intensity based FOSs have several limitations
due to variable losses due to spliced
junctions, micro & macro bending losses,
connections or joints loses etc. in the system
that do not occur in environment. The
examples are intensity-based microbend FOS
and evanescent wave FOS [38]. The
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advantages of intensity based FOSs include
simple operation, low cost, real distributed
sensors ability, simple implementation, easy
multiplexing etc. it’s  disadvantages are
variations in light intensity, relative
measurements etc.

4.3.2 Polarisation modulated Fiber-Optic
Sensors:

Polarization is modified by various external
variables. Polarization based FOSs are used
in a variety of measurements, signal
processing and communication applications.
The polarization state of the light field means
the direction of polarization of electric
component portion of the light field.
Different forms of polarization include
linear, elliptical, and circular polarization
states. For the linear polarization state,
direction of electric flied components is in the
same line during the light propagation. For
the elliptical polarization state, the direction
of electric field components changes during
the light propagation and when the trace of all
possible electric fields are plotted is in
elliptical shape. Whenever an optical-fiber is
exposed to strain or stress, the refractive
index is changed. The induced phase
difference between different polarization
directions exists, so called photo elastic
effect. Respective change in refractive index
due to strain or stress is known as induced
refractive index. Thus, there is an induced
phase  difference  between  different
polarization directions.

Lich External Sress
o
Scl):r;ce Fhofa
3 Detector

Polarisation J 4
Preserving

Figure 13: polarization modulated FOS
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Figure 13 shows the optical setup for a
polarization based FOS. Light is polarized by
a polarizer that can be a length of
polarization-preserving fiber.

4.3.3 Phase Modulated Fiber

Sensors:

Optic

Micheison Intereferometer
Source

——
Mirrored
End face
. 3dB Coupler

Detector Transducer

Source

Detector
f 348 H"Qﬁé‘;

Transducar

Mach Zehnder Intereferometear

Figure 14:Phase Modulated Finber-Optic
Sensor.

Phase modulated FOSs follow changes in
phase of light for detection. The optical phase
of light passing through the optical-fiber is
modulated by the field to be detected. Then,
phase modulation is sensed
interferometerically, by comparing the light
phase in the signal optical-fiber to that in a
reference optical-fiber. When light beam is
passed through interferometer, it is split into
two beams. The first beam is exposed to the
sensing environment and it undergoes a
phase shift. The second beam is isolated from
the sensing environment and it is used as a
reference beam. When the two beams are
recombined, they interfere with each other.
e.g. Mach-Zehnder, Michelson, Fabry-Perot,
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interferometer and Mach-Zehnder
interferometer are compared in Figure 14
[39-44].

Another interferometer based FOS is the
Fabry-Perot interferometric sensor (FFPI),
which is classified into two manners:
Extrinsic Fabry-Perot interferometer (EFPI)
sensor and Intrinsic Fabry-Perot
interferometer (IFPI) sensor. In an EFPI
sensor, the Fabry- Perot cavity is outside the
optical-fiber.  Optical-fiber guides the
incident light into to the FFPI sensor and then
collects and the reflected light signal from the
sensor. In an IFPI sensor, the mirrors are
fabricated within the fiber. Since, the cavity
between two mirrors acts both as sensing
element as well as waveguide, the light never
leaves the optical-fiber. Figure 15 shows an
EFPI sensor, based on capillary tube.

Thermal Fusion Bonding

Lead in
Fiber

1 .
¥---
S Tk

v
kS

7
/]

=——"—{Target Fiber

* Cdvity Length ~  Air-Gap
"“Gauge Length™

Figure 15: EFPI sensor based on capillary tube.

One cleaved optical-fiber end (lead-in) is
inserted into a glass capillary tube while
another cleaved optical-fiber end (target) is
inserted into the tube from the other end.
Both lead-in optical-fiber and target optical-
fiber are thermally fusion-bonded with the
tube. The cavity between the two fibers is
controlled by using a precision optical

Sagnac1 po'arimetriC, and gratlng pOSitioner pl‘iOI‘ to the thermal fUSiOI’l-
interferometers_ The Mlchelson bondlng One Of the advaﬂtages |n '[hIS EFPI
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strain sensor is that its cavity length and
gauge length can be different. The strain
sensitivity is determined by the gauge length.
The temperature sensitivity is determined by
cavity length since the fiber and tube have the
same thermal expansion coefficients. So, by
making gauge length longer than cavity
length, the temperature sensitivity of the
sensor becomes lesser than the strain
sensitivity. Hence, temperature
compensation is not required.

Thiin ks

‘_{ 4"5' —_—

cavity lemgth

Figure 16: Thin film based IFPI sensor.

In IFPI sensor, two mirrors are separated by
the distance within core of a optical-fiber.
The IFPI sensor is the joined TiO2 thin film
coated optical-fiber IFPI sensor. Here,
internal mirror is introduced in optical-fiber
by thin film deposition on the cleaved fiber
end followed by fusion splicing as shown in
Figure 16. Some other methods like vacuum
deposition, magnetron sputtering, or e-beam
evaporation are used to produce the internal
mirror.

Sagnac interferometric sensors are built on
the optical-fiber gyroscopes that are used to
sense angular velocity.

Optical-fiber gyroscopes are based on the
principle that application of force changes
light-wavelength because it travels around an
optical-fiber coil. It measures time varying
influences such as acoustics and vibrations.
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There are two types of fiber optic gyroscopes:
Closed loop fiber-optic gyroscope and Open
loop fiber-optic gyroscope. In an open loop
gyroscope, a broadband light source is used
to inject light into an input / output fiber
coupler. The input light beam passes through
a polarizer which certain the mutuality of the
counter propagating light beams through the
optical-fiber coil. The second central coupler
shares the two light beams into the optical-
fiber coil where they pass through a
modulator. It is used to produce a time
varying output signal showing rotation. The
modulator is offset from the center of optical-
fiber coil for emphasizing a proportional
phase difference between the counter
propagating light beams. After light beams
propagate from modulator, they recombine
before passing through the polarizer. Lastly,
light beams are guided onto the output
detector.

The closed loop fiber optic gyroscope is
aimed at vacuum to high accuracy navigation
applications. They have high turning rates.
They need high linearity and large dynamic
ranges.

Polarizer
Light 9 Modrlator

Source T.\—‘:>-—</7
Lr
Integrator B
Detector |—— = Fiber optic coil
VCO

Figure 17:Closed loop Optical-Fiber Gyroscope.

I

Oscillator

Figure 17, illustrates a closed loop fiber optic
gyro. It is used as a modulator in the optical-
fiber coil to produce a phase shift at a certain
rate. When the coil is rotated, a first harmonic
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signal is contributed with phase which
depends on rotation rate. This is similar to
open loop fiber optic gyroscope described as
above.

4.3.4 Wavelength modulated optical-fiber
Sensors :

Wavelength based optical-fiber sensors use
changes in the light-wavelength generated
according to change in the measuring
parameter. Fluorescence sensors, black body
sensors and Bragg grating sensors are
wavelength modulated optical-fiber sensors.
Fluorescence based fiber sensors (Figure:
18) are useful in medical applications,
chemical sensing and physical parameter
measurements  such as  temperature,
humidity, viscosity etc. In case of the end-tip
sensors, light propagates down the optical-
fiber to a probe of fluorescent material. The
resultant fluorescent signal is grasped by the
same optical-fiber and directed back to an
output demodulator.

End Tip

-
-

Fluorescent material

¥ Y N
N——
.

Figure 18: Fluorescence based Optical-
Fiber Sensor.

The blackbody sensor, as shown in Figure
19, is one of the simplest wavelength
modulated sensor. A blackbody cavity is
placed at the end of an optical-fiber. When
the cavity temperature rises, it glows like a
light source. Detectors with narrow band
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filters are used to conclude the blackbody
curve profile. The blackbody wavelength
modulated sensor is used to measure precise
temperature under strong fields.

Narrow Band Filter Lk Blackbody Cavity
f 7 j '
- 2 ('\ ‘ —
I/ 0 =
= U/ \ Optical Fiber
[ |~ Detector

Figure 19: Blackbody FOS.

The common Fiber-optic Bragg gratings are
prepared by periodic changes in in the core
refractive index of the mono-mode optical-
fiber. Such periodic changes in the core
refractive index is made by exposing core to
an intense U.V. interference pattern. In the
Bragg’s grating sensor, as in figure 20, the
broadband light source (LED), whose central
wavelength closer to the Bragg wavelength,
is launched into the optical-fiber.

Fiber Photo-Imprinted
Core Grating
Input
g ,
ol Co— ]11]]]11]1]1]]| | ——
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Reflected i
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Figure 20: Bragg grating response

5. Examples Of
Sensors:

Optical-Fiber

IJSER © 2018
http://www.ijser.org

314



A optical-fiber A.C./D.C. voltage sensor in
the middle or high voltage range (100-—
2000 V) can be prepared by inducing
measurable amounts of Kerr
nonlinearity in the mono-mode optical-
fiber by exposing a calculated length of fiber
to the external electric field [25]. The
measurement technique is based
on polarimetric-detection where, high
accuracy is achieved in a hostile industrial
environment.

Electrical power is measured by a specially
designed bulk optical-fiber ampere sensor
coupled with proper signal processing in a
polarimetric detection system [27].

An FOS in electrical switchgears transmits
light from an electrical arc-flash to a digital
protective relay, enables quick tripping of a
breaker and reduces the arc blast energy.

Fiber Bragg grating (FBG) based optical-
fiber  sensors  significantly  increase
performance, efficiency and safety in many
industries. With FBG integrated technology,
sensors provide complete analysis and
detailed reports on insights with good
resolution. These type of sensors are used
extensively in industries like
telecommunication, automotive, aerospace,
energy, etc. FBGs are sensitive to the
compression, static pressure, mechanical
tension and temperature changes. The
efficiency of FBG based FOS is provided by
means of central wavelength adjustment of
light emitting source according to the current
Bragg gratings reflection spectra [28].

International Journal of Scientific & Engineering Research Volume 9, Issue 1, January-2018
ISSN 2229-5518

The FOSs have inherent superiorities that are
difficult to achieve by other conventional
electrical, electronic or hybrid sensors.

(). Insensitivity to  electromagnetic
interferences and non-conductor of electric
current.

(i1). Remote sensing: A segment of optical-
fiber can be used as a sensor gauge with a
long segment of another or the same optical-
fiber transmitting the sensing information to
a remote station. Optical-fiber transmission
cables offer significantly lower signal loss, as
compared to signal transmission in
conventional sensors, and maintain a high
signal to noise ratio (SNR).

(iii). Small size and light weight: Intrinsically
small-size of optical-fiber helps to build a
compact system suitable for installing or
embedding into sensor device.

(iv). Operation in hazardous environments:
Optical-fiber sensors can function under
extreme conditions like high temperature,
high  pressure, corrosive and toxic
environments,  high  radiation, large
electromagnetic fields, highly inflammable
medium and other harsh environments.

(v). High sensitivity and wide bandwidth: An
FOS is sensitive to small perturbations of
environment.

(vi). Distributed measurement: An optical-
fiber communication network allows
measurements at different points along the
transmission line without significant loss to
signal passes through it and provides a
technique to monitor, analyse and control the

6. Advantages of Optical-fiber
parameters over an extended length or area.
Sensors : - o _ o
(vii). The passive dielectric characteristic: As
Optical-fiber is unable to conduct electric
IJSER © 2018
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current, it eliminates the conductive paths in 8. Applications of Optical-fiber

high voltage environments. Sensors:

Some of the Advantages of FOSs over Optical-fiber sensors are used in several

Conventional Electronic Sensors are: areas, specifically:

e Freedom from electromagnetic e Mechanical Measurements such as
interference (EMI) and radio frequency rotation, speed, acceleration etc.
interference. e Electric field and magnetic field

e Inherent safety and suitability for extreme measurement,
vibration and explosive environments. e Temperature, pressure, flow rate,

e Tolerant of high temperatures (>1450 C)
and corrosive environments, Greater

Sensitivity.
e Lightweight and compact size. o
e Multifunctional ability.
e Multiplexing capabilities. o
e Resistant to harsh environment. o
e Wide Dynamic Range.
e Remote sensing capability. o

e Multifunctional sensing capabilities such
as rotation, acceleration, electric and
magnetic field measurement,
temperature, pressure, acoustics,
vibration, linear and angular position,
strain, humidity, viscosity, chemical
measurements.

e Large Bandwidth. *

7. Disadvantages of Optical-fiber

Sensors:

Some of the disadvantages of using FOSs are:

e Detection systems may be complex and
expensive.

e High cost.

e Unfamiliarity to the end user. Especially,
skilled operator is required.

e Requirement for precise installation
procedures.

e Development of wusable measuring
systems is complex.

9.
An

IJSER © 2018
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acoustics vibration, linear position-
angular  position, strain, humidity,
viscosity and chemical measurements etc.
Electrical & Magnetic Measurements,
electromagnetic field measurement etc,
Chemical & Biological Sensing.
Monitoring the physical health of
structures in real time.

Buildings and Bridges: Concrete
monitoring while setting, crack length
and crack enlargement speed monitoring,
spatial ~ displacement  measurement,
neutral axis evolution, creep and
shrinkage type long term deformation
monitoring, concrete-steel interaction
and post-seismic damage evaluation etc.
Tunnels: Multipoint optical
extensometers, convergence monitoring,
shotcrete / prefabricated vaults evaluation
and joints monitoring damage detection
etc.

Dams: Foundation monitoring, joint
expansion monitoring spatial
displacement and leakage monitoring,
distributed temperature monitoring etc.

Conclusion and Future Trends:
overview of fiber optics sensors and their

applications is presented in which key
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health monitoring  of  concrete
structures”, Mechanical Systems and
Signal Processing, 39, pp. 441-451
(2013).

C. K.Y Leung, N. Elvin, N. Olson, T.F.
Morse and H. Yi Fei, “A novel
distributed optical crack sensor for
concrete  structures”,  Engineering
Fracture Mechanics, 65, pp. 133-148
(2000).

Y. Dong, X. Bao, L. Chen, “Distributed
temperature sensing based on brief
ringence effect on transient Brillouin
grating in a polarization-maintaining
photonic crystal fiber”, Optics Letters,
34, pp. 2590-2592 (2009).

D. Zhou, Z. Qin, W. Li, L. Chen and X.
Bao, “Distributed vibration sensing
with time-resolved optical frequency-
domain reflectometry”, Optics Express,
20, pp.13138-13145 (2012).

Y. Dong, L. Chen and X. Bao, “High-
spatial-resolution simultaneous strain
and temperature sensor using Brillouin
scattering and birefringence in a
polarization maintaining fiber”, IEEE
Photonics Technology Letters, 22, pp.
1364-1366 (2010).

B. Culshaw and A.D. Kersey, “Optical-
fiber Sensors: an historical
perspective”, Journal of Light wave
Technology, 26, pp. 1064-1078 (2008).

G. Stewart, W. Jin and B. Culshaw,
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field gas sensors using absorption in the
near-infrared”, Sensors and Actuators
B: Chemical,38, pp. 42-47 (1997).

F. B. Xiong, W. Z. Zhu, H. F. Lin, X. G.
Merg, “Optical-fiber sensor based on

sensors are discussed. The following are the
future trends.
Special waveguides such as photonic crystal
fibers will enable many new sensing
mechanisms with different configurations. 7
Improved technologies will continue to
improve sensor performance, functionality,
capability and reliability under harsh
environment operation. Advanced signal
processing and network technology will
enable high density FOS networks. 8
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