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ABSTRACT This paper presents a simulation and an experimental quasi-distributed Fabry–Perot optical
fibre sensor for temperature measurements implemented on a serial array using a combined frequency
division multiplexing and wavelength division multiplexing arrangement. Quasi-distributed fibre sensors
have been of great interest in the industry for the monitoring of power transformers, jet engines, and furnaces.
This paper is aimed at providing theoretical results for a quasi-distributed sensor system made of 25 local
sensors imprinted on a serial array of the single mode fibre whereby the local sensors are of weak reflectivity.
In addition, a sensor system of nine quasi-distributed local sensors is experimentally tested and a sensitivity
of 10 pmoC and a resolution of 0.125◦C are obtained. Its higher resolution, higher spatial distribution, and ability
to measure temperature at different points simultaneously make it a very attractive temperature sensor.

INDEX TERMS Fabry-Perot, resolution, sensitivity, weak reflectivity.

I. INTRODUCTION
Over the last few decades, optical fibre sensors (OFS) have
been attractive in comparison to traditional electronic sensors
because of numerous advantages which include light weight,
electromagnetic immunity (EMI), and the ability to respond
to a wide variety of physical parameters, small size, multiplex
capability and remote sensing [1], [2]. OFSs are used for the
monitoring of physical parameters such as pressure, strain,
viscosity and temperature. Different types of OFSs have
been successfully commercialized in the past few decades
including Fabry-Perot fibre sensors, fibre optic gyroscopes
and Fibre Bragg grating [3]. The Fibre Bragg grating (FBG)
is a Bragg reflector which reflects particular wavelengths of
light and transmits all others. A specific application of the
FBGs is when they are used as mirrors to form an interfer-
ometer inside the fibre. In comparison to other optical fibre
sensors, the Fabry-Perot interferometric fibre sensor presents
many advantages associated with simplicity and compactness
offering high resolution and sensitivity.

Fabry-Perot fibre sensors can be classified as extrin-
sic or intrinsic. Extrinsic Fabry-Perot interferometric (EFPI)
fibre sensors typically result from two fibers physically sep-
arated by an air gap but connected by a capillary. EFPI
fabrication is relatively simple, but suffers from problems
such as alignment, low coupling efficiency and packaging [4].
In the Intrinsic Fabry-Perot Interferometric (IFPI) sensor
configuration, the sensing element is the fibre itself. The
mirrors that form the cavity are merged to the fibre by
micromachining [5], [6], UV irradiation [7], [8], chemical

etching [9], or thin film deposition [10], [11]. FBG based
Fabry-Perot fibre sensors have been developed and experi-
mentally tested as point sensors for strain monitoring [12], for
temperature monitoring [13], and as quasi-distributed sensors
for reinforced concrete monitoring [14], for precast con-
crete monitoring [15] and for temperature monitoring [16].
Different interrogation schemes for Fabry-Perot based FBG
fibre sensors have been investigated and implemented includ-
ing optical time domain reflectometry (OTDR), white light
interferometry and Fourier transform (FT). Interrogating a
local cavity Fabry-Perot fibre sensor with white light inter-
ferometry using the wavelength tracking method, the sen-
sor’s resolution is higher [17]. In the multiplexed situation,
thewavelength tracking is a challenge due to the superimposi-
tion of the spectrum [18]. In such a case, the Fourier transform
method is preferred since each respective local sensor can be
directly interrogated.

In this paper, we present a theoretical simulation of a
quasi-distributed FBG based Fabry-Perot sensor system in a
configuration of 25 local sensors. To better highlight the sim-
ulations, an experimental sensor system consisting of 9 FBG
based Fabry-Perot local sensors is designed, tested and pre-
sented. In both cases, the FT algorithm is used to measure
temperature changes in the interrogated sensors.

II. THEORETICAL CONCEPTS
The FBG based Fabry-Perot sensor is composed of two iden-
tical gratings of weak reflectivity separated by a cavity. The
gratings are therefore identical in their respective wavelength
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FIGURE 1. Weak-reflectivity identical local cavity.

and reflectivity. A typical setup of a FBG based Fabry-Perot
local cavity is presented in Fig. 1. When a broadband light
spectrum source is coupled into the optical fibre as shown
in Fig. 1, as it propagates down the fibre, a selective wave-
length of weak-reflectivity is reflected by the first and second
gratings. As the remaining light spectrum propagates down
the fibre, the reflected spectrum propagating towards the
optical source produce an interference pattern captured on
the detection system. The spectrum captured on the detection
system is defined as [13],

R(λ) = 2
[
πneff LBG

λ
sinc

2n(λ− λBG)
λλBG

]2
×

(
1+ cos

(
4πnLF−P

λ

))
, (1)

where: λBG is the Braggwavelength, λ is the wavelength from
the source, neff is the effective refractive index and n is the
mean refractive index of the fibre.

The spectrum represented by (1) is composed of two
parts namely the spectrum of the Bragg grating repre-

sented by 2
[
πneff LBG

λ
sinc 2n(λ−λBG)

λλBG

]2
known as the envelop

function and the interference pattern represented by
(
1 +

cos
(

4πnLF−P
λ

))
. The frequency of the reflected interference

pattern is greatly dependent on the separation between the two
identical gratings as defined by [16] and presented in (2).

f =
2nLF−P
λ2BG

, (2)

where: n is the refractive index inside the cavity, LF−P is the
cavity length and λBG is the Bragg wavelength of the mirrors.
In a simulation situation, the cavity length (LF−P) shown

in (2) can be manipulated to see its impact on the frequency
of the interference pattern. This is aimed at finding the cavity
size whereby the interference pattern is still captured on
the detection system. In a quasi-distributed configuration,
the local sensors are implemented on a serial array in a
frequency division multiplexing (FDM) or wavelength divi-
sion multiplexing (WDM). A typical quasi-distributed FBG
based Fabry-Perot sensor system is presented in Fig. 2. In
a FDM configuration, all the Fabry-Perot local sensors are
of weak-reflectivity and identical wavelength then separated

FIGURE 2. Quasi-distributed Fabry-Perot fibre sensor theoretical setup.

from one to the other at an appropriately designed distance
in such way to avoid cross talks. The use of weak reflectivity
gratings reduces the optical power loss at each local sensor
to the minimum [8], [19]. In this configuration, the local
sensors differ from one to the other in their respective cavity
length. Having cavities of different length warrant interfer-
ence pattern at different frequencies. In such way, all the
reflected interference pattern from all the local sensors in
the sensor system superimposed themselves to form the total
reflected spectrum observed on the detection system. This
total reflected interference pattern is centered to the wave-
length of the identical gratings represented by:

RT (λ) =
N=5∑
j=1

Rj(λ), (3)

where N represents the number of interference patterns
produced from N weak-reflectivity identical local sensors.
In a WDM configuration, the identical gratings that form
the cavity are of weak-reflectivity. The FBG that form the
cavity differ from one cavity to the other, as well as their
respective cavity length. When the broadband light source is
coupled into the fibre, each respective local sensor reflects
an interference pattern. Each interference pattern is centered
at respective cavity grating’s wavelength. The total reflected
spectrum is also theoretically described by (3). In a com-
bined configuration of FDM and WDM, the optical system
is aimed at increasing the multiplexing capability of the
system. In such arrangement, number of local sensors are
implemented in a frequency multiplexed setup whereby all
the gratings are of identical wavelength andweak-reflectivity.
Having different wavelength channels as described in WDM,
considerable amount of local sensor can be realized on the
sensor system. The total reflected spectrum is the combina-
tion of the superimposed reflected spectrums from the local
sensors having identical wavelength per wavelength channel.

III. SENSORS SIMULATION
The reflectivity of the FBG representing the mirrors in the
Fabry-Perot configuration are designed and simulated using
the well-known coupled mode theory before they are used as
reflective mirrors in the Fabry-Perot cavity. These FBGs are
theoretically implemented using the parameters of the single
mode fibre (SMF 28) - such as the refractive index, thermal
expansion and thermo-optic effect coefficients. A white noise
having a Gaussian profile of σ = 0.1 known as standard
deviation is added to the phase of (1) and sampled with a
resolution of 5 pm, then simulated thereafter using Matlab
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FIGURE 3. Local sensor spectrum.

as a tool. The simulated local sensor is presented in Fig. 3.
The spectra presented in Fig. 3 are the responses of the local
sensor 1 calibrated at 10◦C and the instantaneous variation
at 15◦C . Clearly as stated by Miridonov et al. [13], the noise
does not affect the shape of the interference pattern as it can
be seen by the ripples on the spectrums, but affects its phase.
In the FDM configuration, 5 local sensors are implemented
whereby all the gratings forming the cavities are identical in
wavelength (1550 nm) and in reflectivity. The local sensors
are 30 cm from each other and their cavity length ranging
from 1 cm to 5 cm with an increment of 1 cm respectively.
As light from the broadband source is coupled into the sensor
system, a low percentage of its spectrum is reflected by the
first and second gratings. The setup of this configuration is
presented in Fig. 2. In its working, the transmitted spectrum
from the first local sensor becomes the incident wave of
the second local sensor and the above phenomena occur
again. The above phenomenon is repeated until the last sensor
of the system. Having added a white noise with a Gaussian
profile to the phase of (3), the total reflected spectrum cap-
tured on the detection system is presented in Fig. 4.

FIGURE 4. Quasi-distributed FDM fibre sensor system total reflected
spectrum.

The total spectrum reflection is the superimposition of all
interference patterns generated by all local sensors as shown
in Fig. 4. The WDM configuration is made of 5 wavelength

FIGURE 5. Quasi-distributed WDM fibre sensor system total reflected
spectrum.

FIGURE 6. Combined FDM and WDM sensor system total reflected
spectrum.

channels having a single local sensor in each wavelength. The
designed cavity lengths ranges from 1 cm to 5 cm having an
increment of 1 cm. Based on the setup in Fig. 2, their respec-
tive wavelength is designed to 1546 nm, 1548 nm, 1550 nm,
1552 nm and 1554 nm respectively and its total reflected
spectrum presented in Fig. 5. As it can be observed from
Fig. 5, each local sensor has a specific interference pattern
frequency that is defined by the cavity length respectively.
Each interference pattern is centered to the wavelength of
the gratings that form the individual cavity. By conceptual-
izing the sensor system described in WDM of 5 channels
and in FDM made of 5 local sensors, 25 local sensors are
designed on the serial array of the SMF 28. Under proper
working conditions, the total reflected spectrum is presented
in Fig. 6. It can be observed from Fig. 6 that the interference
pattern superimposes themselves per wavelength channel.
All the superimposed spectrum per wavelength channels are
of almost equal reflectivity. This is since all the gratings are
of identical weak-reflectivity.

IV. DEMODULATION THEORY
This section presents the algorithm used to evaluate temper-
ature changes in each respective local sensor. Changes in
temperature in each respective local sensor causes a shift of

VOLUME 6, 2018 66237



M. D. Tamin, J. Meyer et al.: Quasi-Distributed Fabry–Perot Optical Fibre Sensor for Temperature Measurements

FIGURE 7. Triangle shapes transformation.

its reflected interference pattern in the wavelength domain.
The demodulation algorithm used in this paper to evaluate
temperature changes is based on Fourier Transform (FT) shift
analysis. When temperature changes, so does the reflected
interference pattern in the wavelength domain. This variation
of temperature induces changes in phase in Fourier domain.
By evaluating changes in phase, temperature changes can
be measured. By applying Fast Fourier Transform (FFT)
to the captured reflected spectrum in wavelength domain,
the resulting spectrum is presented in the form of triangle
shapes [13]. The triangle shapes presented in Fig. 7 result
from the convolution of the envelop function and the interfer-
ence pattern described in Equation 1. From the explanations
of the plots on Fig. 7, the FT of a constant is known as a
δ-function centered at the origin. The FT of a cosine function
produces two δ-functions, one centered at the frequency of
the cosine function and the other mirrored to the left side of
the origin as shown. Furthermore, the FT of the Bragg grating

represented by 2
[
πneff LBG

λ
sinc 2n(λ−λBG)

λλBG

]2
yields a triangle

function. Therefore, the convolution in Fourier domain of
the grating and the cosine function generates the triangle
shapes presented in Fig. 7 (C). On the plot of the triangle
shapes represented by Fig. 7 (C), the signal amplitude of
the component at 0 frequency of the local sensor’s reflected
spectrum in Fourier domain is known as the offset, and the
triangle shape at the left (-f 1) is a mirror image of the one at
the right (f 1), which is the signal of the sensor. The triangle
shapes are characterized by their spectral width which are a
function of the Bragg wavelength and the refractive index of
the fibre in Fourier domain, as presented [20].

1fBG =
4nLBG
λ2BG

. (4)

Since the FT ismade up of samples, so are the triangles shapes
constituted with few samples having a band-width as defined
by Equation 4. This band-width limited in both sides by a
minimum and a maximum frequency represented as:

fmax/min = f ±
1fBG
2
=

2n(LF−P ± LBG)

λ2BG
, (5)

where: f is the frequency of the interference pattern of
the local sensor, 1fBG is the spectral bandwidth, fmax is
the local sensor maximum frequency and fmin is the local
sensor minimum frequency in the triangle shape. In order

to recover the information kept inside the respective local
sensor, the Nyquist theorem is applied to sample the signal in
Fourier domain [13]. Such inclusion of the Nyquist theorem
yields the sampling frequency as:

fm ≥
2× 2n(LBG + LF−P)

λ2BG
, (6)

where: fmis the sampling frequency. When the system is
calibrated, the captured spectrum presented in (1) is now rep-
resented by RF−P(f ) where no disturbance has been applied
to the sensor. When disturbance is applied, the captured
spectrum is now represented by R′F−P(f ). The evaluation
of temperature changes is done by evaluating the relative
phase shift between the calibrated reference spectrum and the
instantaneous measured spectrum. In the case of no distur-
bance, the relative phase difference is zero. The calculation
of the relative phase is presented as:

φm = arg[R′F−P(f )× R
∗
F−P(f )], (7)

where R∗F−P(f ) is the complex conjugate of the calibrated
spectrum of the local sensor and φm is the relative phase as
function of samples in Fourier domain. Interferometric fibre
sensors experience a 2π problem that need to be addressed
after calculation of the relative phase. Interferometric fibre
sensors give the same values for phases, which differ by
multiples of 2π and are known as the ambiguity caused
by the cosine function presented in Equation 1 [13]. The
ambiguity can be addressed using linear regression. Knowing
the relative phase and the ambiguity gives the possibility to
evaluate the total phase shift induced temperature changes.

φAbs = φrelative + 2πM . (8)

In the quasi-distributed sensor system, the total reflected
spectrum captured on the detection system is Fourier trans-
formed. The FT spectrum is presented in the form of multi-
ple triangle shapes where each triangle shape located at the
right-hand side of the frequency zero represents the respec-
tive local sensors information. Each local sensor is centered
on its respective interference pattern frequency, represented
by [13]:

fj =
2nL(F−P)j
λ2BGj

, (9)

where fj represents the frequency of the jth local sensor, λ2BGj
represents the Bragg wavelength of the jth local sensor and
L(F−P)j represents the cavity length of the jth local sensor.
The frequency band-width of each respective local sensor is
represented as:

1fBGj =
4nLBGj
λ2BGj

, (10)

where LBGj represents the Bragg grating length of the j
th local

sensor. In a fibre Bragg grating-based F-P multiplexed con-
figuration implemented in series, cross-talk originates from
reflectance of any of the two mirrors which influence the
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TABLE 1. Quasi-distributed sensor system characteristics.

readings of the sensor’s array. The analysis of the cross-talks
in this sensor system yields an important task in lowering their
effects in the demodulation is based on description provided
by [21]. Using the SLED as optical source, and weak reflec-
tivity gratings as reflectors in the local sensors, minimize
the impact of the cross-talks as well. This is due to the low
attenuation of the SMF in the 1550 nm region and the low
losses related to the low-reflectivity of the identical-gratings
and then to the low coherence length of the broadband source.
Therefore, the cross-talks is negligible and their effects on the
sensor system are limited.

V. CHARACTERISTICS OF THE SENSOR SYSTEM
This section is aimed at describing restrictions on the min-
imum and maximum cavity length, the separation between
consecutive local sensors and the difference in length between
2 consecutive local cavities. The minimum length of the
F-P cavity is the limitation on the separation between the
two identical gratings, wherein the interference pattern of
local sensor can still be recovered for proper demodulation.
The spectral width of the grating and the frequency of the
interference of the local sensor are very important parame-
ters used to size the minimum cavity length. On the other
hand, the maximum cavity length of the local sensor is the
acceptable length whereby the interference pattern fringes
can still be resolved by the detection system for proper
demodulation. This is because the separation of the fringes
in F-P interferometer is a function of the cavity length. The
minimum separation of the fringes depends on the resolution
of the detection system. Therefore, if the resolution of the
detection system is not enough to separate the fringes, infor-
mation is lost. The separation between local sensors should
be carefully designed to avoid confusion in the demodulation.
In the quasi-distributed sensor systems, the rule of thumb says
that the minimum separation between 2 local sensors should
be bigger than the largest cavity length on the system. The
minimum difference in length between local sensors had to be
established to prevent an overlap when the Fourier analysis is
performed. From the theory, these characteristics have been
defined by[13], [16], and [20] as presented in Table 1. When
the F-P sensor system is implemented in series, cross-talk
originates from reflectance of any of the two mirrors which
influence the readings of the sensor’s array. The analysis
of the cross-talks in this sensor system yields an important

task in lowering their effects in the demodulation. Since any
two mirrors interact with the incident light, the reflectance
and the transmittance of the jth local sensor are respectively
represented by Rj and Tj. The transmittance of the jth local
sensor is as described by Shen, 2006. Shen further describes
mathematically the normalization of the cross-talks showing
their low impact on the performance of the sensors using the
SMF 28 [21]. A continuous wave (CW) COVEGAThor-Labs
model SLD1005S super luminescent emitting diode (SLED)
was used during the measurements as optical source with
center wavelength λC = 1549 nm, 49.6 nm optical bandwidth
and PASE = 27.6 mW . Its working principles are based on
super-luminescence [22]. Its coherence length is shorter as
compared to that of a diode laser. Using weak reflectivity
gratings as reflectors in the local sensors, minimized the
impact of the cross-talks as well. Therefore, cross-talk ampli-
tude was negligible and their effects on the sensor system
limited.

VI. SENSOR MONITORING
The monitoring of the sensor systems presented in this paper
is based on the demodulation theory explained in Section 4.
This demodulation theory provided a strong background in
the monitoring of temperature changes in the respective local
sensors. In each respective local sensor, changes in tem-
perature generate changes in respective reflected interfer-
ence pattern in wavelength domain. The respective changes
in wavelength domain produce changes in the phase of
the interference pattern when FT is applied as explained.
By evaluating changes in phase, changes in temperature
can be measured. Having 25 local sensors along the single
array of the optical fibre allows quasi-distributed tempera-
ture sensing. Five gratings wavelengths were selected for the
25 sensors system namely 1544 nm (channel A), 1546 nm
(Channel B), 1550 nm (channel C), 1552 nm (channel D)
and 1554 nm (channel E). Cavities of 1 cm, 2 cm, 3 cm,
4 cm and 5 cm were chosen per channel respectively as local
sensor 1, 2 up to 5. This set up was intended to achieve a
combined FDM and WDMmultiplexing on the single length
of the SM28 fibre where each Bragg wavelength represented
a channel of five local sensors designed in FDM setup. Due to
the robustness of the demodulation, each reflected spectrum
per channel can be retrieved and interrogated. This interro-
gation should enable to access each respective local sensor
in respective wavelength channels. Applying the FT to the
wavelength channel A, referring to 1544 nm, The Fourier
domain spectrum of the 5 local sensors implemented in a
FDM is presented in Fig. 8. After applying the FT to the
respective window around the 1544 nm spectrum in the wave-
length domain, it yields 5 triangle shapes representing the
respective local sensors in channel A. The triangle centered at
frequency = 0, has information from the 5-weak reflectivity
identical-gratings forming the local sensors in that respective
wavelength channel. Other triangles shapes are centered to
the frequency of their respective interference patterns. As it
can be observed, all triangles shapes have same broad-width,
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FIGURE 8. Fourier transform of 5 local sensors in the wavelength
channel A.

FIGURE 9. FT of 15 local sensors plotted on a single figure.

which depends on the characteristics of the Bragg gratings.
Hence, having 25 weak-reflectivity identical grating local
sensors, the Fourier transform spectrum is a set of 25 triangle
shapes. The shift of each weak-reflectivity identical-gratings
local sensor interference pattern in Fourier domain is be
detected as the phase shift in the corresponding local sensor as
described by [13]. On the sensor system of 25 local sensors,
all the triangle shapes are plotted on the single plot presented
in Fig. 9. Fig. 9 is a broadened FT spectrum of the entire
sensor system’s reflected spectrum in wavelength domain.
Each wavelength channel is presented by a specific color
as shown. Using the demodulation algorithm presented by
Miridonov et al. [13], each local sensor can be individually
interrogated per wavelength channel as explained. Therefore,
phase response to temperature changes can be measured.

VII. EXPERIMENTAL SETUP
The optical setup is made of 9 local sensors in this experi-
ment. All the local sensors are imprinted on a single array
of the single mode fibre using an Argon laser as presented
in Fig. 10. The designed quasi-distributed sensor system is
arranged in 3 distinct WDM channels, that is, 1550 nm,
1555 nm and 1560 nm respectively. Each wavelength channel
consists of 3 local sensors configured in a FDM, whereby
the 1st , 2nd and 3rd local sensor have a 1 cm, 2 cm and

FIGURE 10. Experimental setup made of 9 local sensors.

3 cm cavity length respectively as presented on Fig. 10.
In this temperature monitoring experiment, the 2nd local
sensor of each wavelength channel is affected by tempera-
ture changes, while the others are not. Each of the affected
local sensors is placed on a thermal plate inside distinct
plastic glass boxes. The used of the thermal plate is aimed
at providing temperature changes on the fibre sensors. The
change in temperature is controlled using two power sup-
plies for each interrogated local sensor. The purpose of this
experiment is to show the results of the 3 local sensors
in different channels. All the printed local sensors are of
weak-reflectivity (0.2%) and are identical in wavelength per
channel. Due to having such weak-reflectivity mirrors, many
local sensors can be printed on the same serial array of
the SMF fibre and furthermore, the effect of cross talks is
considerably minimized. The local sensors are 30 cm apart
from each other and are all printed on a 4 m fibre. During
temperature monitoring, 3 distinct power supplies (PS) are
used to power the thermal plates and the other 3 PS are used
to control the temperature at different thermistors. Before
the calibration of the system for temperature measurements,
the total reflected spectrum of the optical system is presented
in Fig. 11. As presented in Fig. 11, the respective amplitude
of the sub-total interference pattern of the 3 wavelength
channels is almost identical, which is as expected by design.
However, the slight difference in height of the interference
pattern of the respective wavelengths, illustrated in Fig. 11,
can be attributed to the printing process. This process has not
been automated, so it can be assigned to the human factor
during the imprint process. After the calibration, tempera-
ture is induced on the thermal plate by incrementing the
voltage from the power supply of 0.1 V every 5 minutes
corresponding approximately to 2◦C . Fourier transform algo-
rithm presented by [13] is applied to the captured spectrum
and each respective local sensor is interrogated individu-
ally. Quasi-distributed sensor system response to temperature
changes is a combination of all the interrogated local fibre
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FIGURE 11. Total reflected spectrum of the experimental measurement.

FIGURE 12. Experimental response of 9 local sensors to temperature
changes.

sensors presented on the same plot in Fig. 12. As shown
in Fig. 12, the graph in blue represents the local fibre sensor
affected in wavelength channel 1, while the graphs in red
and black represent the local sensors affected in wavelength
channel 2 and wavelength channel 3 respectively. Their
respective responses to temperature changes overlap regard-
less of their wavelength channels. This is because all the
affected local fibre sensors that have similar cavity lengths
have been optimally imprinted. These results agree with the
literature. The difference in temperature from different local
sensors is due to their respective thermal plates’ characteris-
tics. In this experiment, the performance of the sensor system
is tested. In this regard, a temperature sensitivity of 10 pmoC
and a temperature resolution of 0.125 are achieved showing
the enormous potentials in this interferometric sensor type.
The lab experimental setup is presented on Fig. 13. The local
sensors have been placed inside the plastic boxes on the
thermal plates used as resistive foil heaters having a 10 k�
thermistor directly integrated into the plates and 4 terminals.
Each thermistor is a negative temperature coefficient (NTC)
thermistor which the resistance decreases when the temper-
ature increases. The OSA screen to capture the interference

FIGURE 13. Lab experimental setup for the 9 local sensors monitoring of
temperature changes.

patterns, power supply to power the thermal plates, the SLED
to provide optic power and the multi-meters are also dis-
played on Fig. 13.

VIII. DISCUSSIONS
The theory of the fibre Bragg grating-based F-P interfer-
ometer used in this article is not new. It has been devel-
oped and used in various applications to monitor multiple
physical parameters. The Fourier Transform demodulation
algorithm has been developed for temperature and strain in
multiplexing configurations [13], [16], [20]. It is understood
that the algorithm of the Fourier transform demodulation
algorithm incorporates and takes into account the Nyquist-
Shannon theories and the restrictions over cavity lengths.
Cross-talks have been presented in this article to quantify
its impact on the operation of the sensor system. Its impact
was found minimal in this sensor system using a broadband
source and a single mode fibre. The sensor system presented
in this paper could be optimized for applications in dense
sensing environments. In such a situation and based on the
broad-width of the triangular shapes on the FFT spectrum,
4 additional triangular shapes representing extra local sensors
could be inserted on the FFT spectrum with neither overlap
and nor loss of information during the demodulation. As a
rule of thumb, this would result in 20 cm separation between
the local sensors. The new sensor system configuration could
accommodate 45 local sensors. This number can be further
optimized to more sensors on the array depending on the
application. Such a dense configuration has been developed,
simulated [19] and then configured with 9 local sensors in
a FDM/WDM layout [23]. This system could be optimized
up to 1000 local sensors. From the 9 local sensors devel-
oped and presented, a sensor resolution of 0.4◦C has been
accomplished [23].

Compared to the resulted of 0.4◦C , the sensor system
presented in this paper achieved a resolution of 0.125◦C and a
temperature sensitivity of 10 pmoC . This resolution was obtained
after a long set of measurements in each interrogated local
sensor of 50 data recorded every 15 minutes. The processed
phase shift data was plotted, and its standard deviation was
evaluated and then used to calculate the average resolution
of the sensor. The sensitivity obtained in this sensor was as
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expected in the literature while its resolution can be consid-
ered important. The reason of this might be attributed to the
robustness of the demodulation algorithm, and to the quality
of the instruments used.

IX. CONCLUSION
An overview on the intrinsic interferometric Fabry-Perot
quasi-distributed fibre sensor for temperature measurements
was presented. We first have provided a brief explanation
on the FBG based Fabry-Perot fibre sensor and its working
principle. A simulation of a combination of 25 local sensors
in a system whereby each first local sensor in the wave-
length channels having 1 cm cavity length was interrogated.
This has opened the doors to a better understanding of the
system in order to design and build an optical setup of a
quasi-distributed sensor system of 9 local sensors imprinted
on the single array. The demodulation algorithm (Fourier
Transform) described by [13] was identically applied to both
simulation and experiment and the results obtained from the
simulations have led to the development of the experimen-
tal testing of the quasi-distributed sensor. Their respective
results overlapped. The repeatability of the results obtained
from the experimented sensor system and their hysteresis has
been assessed and is in conformity with the expectations.
The cross-talks as derived and presented by [21] have been
also discussed to understand their impact on the function-
ing of the sensor system discussed. Therefore, based on the
performance of the 9 tested and interrogated local sensors,
the respective results of 10 pm

oC temperature sensitivity and
0.125◦C resolution have been achieved. This sensor clearly
shows potentials in dense multiplexing.
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