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a  b  s  t  r  a  c  t

In  this  paper,  we  theoretically  analyze  the  slow-light  �-phase-shifted  fiber  Bragg  grating  (�-FBG)  and
its  applications  for single  and  multipoint/quasi-distributed  sensing.  Coupled-mode  theory  (CMT)  and
transfer  matrix  method  (TMM)  are  used  to establish  the  numerical  modeling  of  slow-light  �-FBG.  The
impact  of slow-light  FBG parameters,  such  as  grating  length  (L),  index change  (�n), and  loss  coefficient
(˛)  on  the  spectral  properties  of  �-FBG  along  with  strain  and  thermal  sensitivities  are  presented.  Sim-
ulation  results  show  that for the  optimum  grating  parameters  L  =  50 mm,  �n  =  1.5×10−4,  and  ˛  = 0.10
m-1,  the  proposed  slow-light  �-FBG  is  characterized  with  a peak  transmissivity  of  0.424,  the  maximum
delay  of 31.95  ns,  strain  sensitivity  of  8.380  ��-1, and  temperature  sensitivity  of 91.064 ◦C-1.  The  strain
and temperature  sensitivity  of proposed  slow-light  �-FBG  is the  highest  as compared  to  the  slow-light
sensitivity  of apodized  FBGs  reported  in  the  literature.  The  proposed  grating  have  the overall  full-width
at  half  maximum  (FWHM)  of  0.2245  nm,  and the FWHM  of the  Bragg  wavelength  peak  transmissivity
is of  0.0798  pm.  The  optimized  slow-light  �-FBG  is used  for quasi-distributed  sensing  applications.  For

the  five-stage  strain  quasi-distributed  sensing  network,  a high  strain  dynamic  range  of  value  1469  ��  is
obtained  for  sensors  wavelength  spacing  as  small  as  2  nm.  In the  case  of  temperature  of quasi-distributed
sensing  network,  the  obtained  dynamic  range  is of 133 ◦C.  For  measurement  system  with  a  sufficiently
wide  spectral  range,  the  �-FBGs  wavelength  grid  can  be broadened  which  results  in substantial  increase
of  dynamic  range  of  the  system.

©  2019  Association  of Polish  Electrical  Engineers  (SEP).  Published  by  Elsevier  B.V.  All  rights  reserved.
. Introduction

During the past few decades, optical fiber sensors (OFSs) have
ttracted increasing attention in various practical applications
1,2]. They show unique advantages over electronics counterparts,
uch as passive, low loss, high sensitivity, immunity towards elec-
romagnetic interferences/radio frequency interferences (EMI/RFI),
hemically inert, and lightweight. OFSs can be developed to sense
ingle point, multipoint/quasi-distributed, and fully distributed

easurements [3]. A multipoint/quasi-distributed OFS network

s realized by multiplexing of point sensors in a series along
 single fiber. Quasi-distributed OFS networks are capable to

∗ Corresponding author at: Warsaw University of Technology, Institute of Elec-
ronic Systems, Nowowiejska 15/19, 00-665 Warsaw, Poland.

E-mail addresses: krishna.dwivedi@iitg.ac.in (K.M. Dwivedi),
.Osuch@elka.pw.edu.pl (T. Osuch).

ttps://doi.org/10.1016/j.opelre.2019.06.004
230-3402/© 2019 Association of Polish Electrical Engineers (SEP). Published by Elsevier 
monitor the entire structure. Fiber Bragg Grating (FBG) based quasi-
distributed OFS network shows higher resolution than distributed
OFS [3]. Moreover, FBG has some additional inherent properties,
such as wavelength encoded measurement, excellent multiplex-
ing capability, small size, easily embedded into the systems, and
large dynamic range sensing. Furthermore, the spectral and delay
responses of FBG can be easily tuned by varying the index-change
of the grating, such as apodization [4], tilting [5], chirp [6], tapering
[7], etc. Therefore, they are extensively adapted in many real field
applications. These days, FBG based quasi-distributed sensing net-
works are preferred for monitoring health of structures [8,9] and
perimeter security [10].

Several types of multiplexing techniques have been proposed
for FBG based multipoint/quasi-distributed sensing networks,

including time division multiplexing (TDM) [11], wavelength divi-
sion multiplexing (WDM)  [12], a combination of TDM and WDM
[13], space division multiplexing (SPD) [14], etc. Among these
multiplexing techniques, WDM  based quasi-distributed sensing

B.V. All rights reserved.
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nterrogation scheme is the most preferable because of its high
peed. However, the number of FBG sensors in WDM  networks is
imited by source spectrum range. The number of sensors in the

DM network can be increased by reducing the FWHM and side-
obes of reflected spectra of multiplexed FBG sensors. In recent
ears, several apodization profiles have been proposed to optimize
he optical characteristics, such as FWHM,  maximum side-lobes
MSL), average side-lobes, side-lobes suppression ratio (SLSR), etc.,
f FBG for dense WDM  (DWDM) based quasi-distributed strain and
emperature sensing networks [15–17].

This paper presents the single and quasi-distributed strain and
emperature sensing based on slow-light �-FBG. Slow-light FBG
ensors are well-known for enhanced sensitivity and better res-
lution than conventional FBG-based sensors. The slow-light in
BG can be achieved by providing the high refractive index change
r/and long grating length. In the conventional FBGs, slow light
as not observed due to the grating have either a weak index

hange or the grating length was too small or not optimized for the
eak index change [18]. Recently, high index change fiber Bragg

rating based slow-light has gained huge popularity in the opti-
al communication and in sensing applications [18,19]. The index
hange for a slow-light FBG sensor is 10–30 times stronger than
he normal FBG sensors. Slow-light in uniform, apodized, and tilted
ragg gratings and their application in sensing systems have been
tudied theoretically and experimentally in Refs. [9,20–23]. The
xperimental results for micro displacement sensing show that
low-light FBG has 13 times higher sensitivity and resolution than
ormal FBG [20]. A remarkable strain resolution of 30 f�/

√
Hz at

0 kHz and strain sensitivity of 3.8 ��−1 is reported in Ref. [21].
he strain resolution is an order of magnitude lower than conven-
ional FBG based sensors. More recently, Arora et al.  proposed a
low-light FBG temperature sensor having temperature resolution
f 0.3 m◦C /

√
Hz which is nearly 30 times lower than conventional

BG [24]. However, the proposed slow-light grating shows the
ery low temperature sensitivity of 5.2 ◦C−1 (calculated) due to the
ow transmissivity peak. It is well-known that the sensitivity of
low-light FBG is proportional to the product of delay and trans-
issivity of FBG [25]. The delay and sensitivity spectra of uniform

nd apodized FBGs have more than one peak. Moreover, maxi-
um sensitivity peak of apodized FBG is also very unpredictable

18]. Therefore, these gratings are not suitable for quasi-distributed
ensing applications.

A �-FBG exhibits single and high delay peak in the delay spec-
ra which can be utilized for multipoint/quasi-distributed sensing
etworks. However, the transmissivity spectrum of �-FBG have
ultiple side-lobes which reduces the maximum dynamic range.

ecently, we have proposed a new symmetrical apodization pro-
le for sensing and communication applications [26]. The same
podization profile is used to mitigate the side-lobes of �-FBG
oo. Other apodization profile may  also be used; however, a strong
podization must be avoided because it reduces the slow-light
eak sensitivity. The detailed studies of the optical (transmis-
ivity and delay) and sensing characteristics of slow-light �-FBG
s presented in this manuscript. The optical and sensing char-
cteristics of slow-light �-FBG are optimized with respect to
low-light grating parameters [grating length (L), index change
�n), and loss coefficient (˛)]. The optimum grating parameters
or which the �-FBG shows maximum delay and sensitivity are
btained as L =50 mm,  �n  = 1.5×10−4, and  ̨ = 0.10 m-1. The
roposed slow-light �-FBG is characterized with peak transmis-
ivity of 0.424, maximum delay of 31.95 ns, strain sensitivity of
.380 ��-1, and temperature sensitivity of 91.064 ◦C-1. The high-

st slow-light strain and temperature sensitivity of 3.8 ��-1 [21]
nd 22.1 ◦C-1 [25], respectively, are reported in the literature for
he apodized FBGs. As compared to the slow-light sensitivity of
podized FBGs, strain and temperature sensitivity of proposed �-
Fig. 1. Schematic diagram of �-FBG.

FBG is the highest. The proposed grating have the overall full-width
at half maximum (FWHM) of 0.2245 nm and the FWHM of the Bragg
wavelength peak transmissivity is of 0.0798 pm.  The optimized
slow-light �-FBG is used for quasi-distributed sensing applica-
tions. A high strain dynamic range of value 1469 �� is obtained
for five-stage strain sensing network. For the five-stage temper-
ature sensing network, the obtained dynamic range is of 133 ◦C.
The additional advantage of slow-light �-FBG in quasi-distributed
sensing networks over the conventional apodized FBG sensing
networks is that slow-light peaks are free from the side-lobes.
Therefore, slow-light sensing networks do not require a guard band
between the two sensors when the external perturbation is applied
[16,17].

The rest of the paper is organized as follows: numerical model
of slow-light �-FBG and its sensitivity are presented in Section 2;
Section 3 presents results and discussion; In Section 4 optimized �-
FBG slow-light is used for quasi-distributed sensing; and Section 5
presents the conclusion.

2. Numerical model of the slow-light �-FBG

The variation of effective refractive index of fiber along the grat-
ing length L is given as [27]:

neff (z) = neff + ın(1 + �f (z) cos[
2�

�
z + �(z)]), 0 < z < L, (1)

where neff is the effective refractive index of a fiber in the absence of

grating; ın denotes the averaged index change for a single grating
period; � stands for the fringe visibility of index change; f(z) is the
apodization profile; � is the period of grating and � (z) is  the grat-
ing chirp. The presence of a periodic variation of refractive index
change in FBG creates a band of finite reflection bandwidth in the
frequency space, where light is not allowed to propagate [18]. A dis-
crete phase shift of quarter-wave (�-phase) in the index change at
the middle point of grating length opens a band gap in the reflection
bandwidth and produces a narrow transmission band. Therefore, a
�-FBG can be easily visualized as a Fabry-Perot (FP) cavity formed
by two  similar FBGs having cavity length of �B/4, where �B is the
Bragg wavelength of FBG as shown in Fig. 1. The light trapped in
this cavity accumulates � phase per round excursion. Moreover,
the cavity length of this FP cavity is so tiny that it supports a single
and sharp transmission peak at Bragg wavelength. The modeling of
slow-light �-FBG has been performed using coupled-mode theory
and transfer matrix method.

The CMT  describing slow-light grating, however, requires mod-
ification due to the loss coefficient. The modified couple-mode
differential equations (CMDE) for slow-light grating are given as
[27,28]:

dRf + ˛
R = i �̂R (z) + i	R (z) (2)
dz 2 f f b

dRb

dz
+ ˛

2
Rb = −i �̂Rb(z) − i	∗Rf (z), (3)
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here Rf (z) = Af (z) exp
(

iız − �/2
)

and Rb (z) =
b (z) exp

(
iız − �/2

)
are the forward and backward prop-

gating modes having slowly varying amplitudes of Af and
b, respectively; ı =  ̌ − ˇB is the detuning from the phase
atching condition; 	 = ��f (z) ın/� is the AC coupling coef-

cient for fundamental core mode; the apodization profile is

(z) = J0
(

cos
(

3z/L
))8(

cos
(

2z/L − 1
))4

, where J0 is the ordi-
ary Bessel function of 1st kind of order 0 [26];  ̨ stands for
he loss coefficient and �̂ = ı + � − 1

2
d�
dz denotes the general

C self-coupling coefficient. For slow-light gratings general DC
elf-coupling coefficient is defined as:

� = �̂ + i
˛

2
= ı + � − 1

2
d�

dz
+ i

˛

2

= 2�neff

(
1
�

− 1
�B

)
+ 2�

�
ın − 1

2
d�

dz
+ i

˛

2
,

(4)

here � is the DC coupling coefficient, �B = 2neff � is Bragg wave-

ength and 1
2

d�
dz denotes chirped of the grating period. For uniform

rating 1
2

d�
dz = 0.

The slow-light optical characteristics of non-uniform FBG, such
s reflectivity, transmissivity, delay, etc., can be easily and accu-
ately obtained by solving the slow-light CMDE Eq. (2) and Eq. (3)
sing transfer matrix method [29]. In this approach, grating length

 is divided into N uniform sections of length ıl
(

ıl � �
)

and con-
tant values of 	 and � are assigned to each uniform section. The
ransfer matrix of ith section is described as [27]:

i =

⎡
⎢⎢⎣

cosh
(

˝iıli
)

− i
�

˝i
sinh
(

˝iıli
)

−i
	i

˝i
sinh
(

˝iıli
)

i
	i

˝i
sinh
(

˝iıli
)

cosh
(

˝iıli
)

+ i
�

˝i
sinh
(

˝iıli
)
⎤
⎥⎥⎦ , (5)

here ˝i =
√

	2
i

− �2
i .

The response of �-FBG is given by:[
RfN

RbN

]
= [TN] [TN−1] · · ·[Tps]· · ·[T2][T1]

[
Rf 0

Rb0

]

=
(

N∏
i=1

Ti

)[
Rf 0

Rb0

] , (6)

here Rf 0 and Rb0 are the input forward and backward field ampli-
udes, respectively, and RfN and RbN correspond to the output field
mplitudes. Tps is the phase-shift matrix and can be given as [27]:

ps =
[

e−i�/2 0

0 ei�/2

]
, (7)

here � is the shift in the phase of grating and defined as �/2 =
�neff 
z/�,  �z  stands for the separation between two grating sec-
ions. Applying the appropriate boundary conditions (Rf 0 = 1 and
bN = 0) in Eq. (6), the reflection and transmission coefficients of
he grating are calculated as:

 = T21

T22
(8)

 = 1
T11

. (9)

The transmitted/reflected light will experience some delay in

he cavity due to the multiple reflections. The delay time of trans-

itted light is given as [27]:

t = dt

dω
= − �2

2�c

dt

d�
, (10)
Fig. 2. (a) Reflectivity spectra of slow-light �-FBG and conventional FBG (b) slowing
down factor for conventional FBG (c) slowing down factor for slow-light �-FBG.

where t stands for the phase of transmitted light,ω denotes the
optical frequency, and c is the speed of light in vacuum. The cav-
ity length of FP interferometer made by �-FBG is small enough to
support a single and sharp transmission and delay peaks at Bragg

wavelength. Figure 2 shows the reflectivity spectra and slowing
down factor of slow-light �-FBG and conventional FBG. A slowing
down factor is defined as the ratio of the average group velocity to
group velocity of light in the medium [30]. As shown in the Fig. 2(b)
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nd Fig. 2(c) the slowing down factor for �-FBG is much greater than
he conventional FBG. Therefore, a much slower light is obtained in
-FBG as compare to the conventional FBG.

The sensitivity of slow-light FBG sensor is given as [25]:

x(�) = dT(�)
dx

= dT(�)
d�

d�

dx
, (11)

here x is the external perturbation, T(�) is the transmissivity
f FBG as a function of �. According to Lorentzian slow-light
esonance, the maximum value of dT (�) /d� is 3

√
3T0/4
� at

avelength � = �B ± 
�
√

3/6, where T0 is the peak transmission
t Bragg wavelength, and ��  is FWHM of the Lorentzian [25]. The
alue of ��  in the terms of transmitted delay time �t is given as
� = �2

B/�c�t . Thus, Eq. (11) can be written as:

x (�) = 4.08c�tT0

�2
B

d�

dx
(12)

FBGs are inherently sensitive to strain and temperature. FBG
easures all other possible physical parameters as a derivative of

train or temperature. The shift in Bragg wavelength of FBG due to
he change in strain and temperature is given as:

� = (Kε
ε  + KT 
T)�B, (13)

here Kε ≈ 0.78 × 10−6ε−1 and KT ≈ 8.6 × 10−6◦C−1 are strain and
hermal sensitivity coefficients, respectively. Thus, at zero temper-
ture change, from Eqs. (12) and (13), slow-light strain sensitivity
s obtained as

ε (�) = 3.182 × 10−6 c�tT0

�B
(14)

imilarly, slow-light temperature sensitivity at zero strain change
s obtained as:

T (�) = 3.508 × 10−5 c�tT0

�B
. (15)

It can be seen from Eqs. (14) and (15), that slow-light sensitivity
epends on the product of delay and peak transmissivity at Bragg
avelength which is relevant “figure of merit (FoM)” of slow-light

BG sensors.

. Results and discussion

In this section, first we optimize the peak transmissivity, delay,
nd sensitivity of �-FBG as the function of slow-light grating
arameters (grating length, index change, and loss-coefficient). For
nalyzing �-FBG, peak transmissivity, delay, and sensitivity are the
alues at Bragg wavelength, �B. The variation of peak transmissiv-

ty and delay of �-FBG with respect to grating length and index
hange are shown in Fig. 3 and Fig. 4, respectively at zero loss coef-
cients. The peak transmissivity gradually decreases as the grating

ength or index-change increases (in Fig. 3 and Fig. 4). It happens

ig. 3. Transmissivity and group delay vs.  grating length for fixed 
n  = 1.5 × 10−4

nd  ̨ = 0.
Fig. 4. Transmissivity and group delay vs.  index change for fixed L = 50 mm and  ̨ = 0.

because an increase in grating length or index change makes grat-
ing stronger and as a result the diffraction efficiency of the grating
increases. As shown in Fig. 3, for a fixed index change of 1.5 × 10−4,
with the increase in the grating length up to 70 mm,  peak trans-
missivity of �-FBG is trended to zero. This is because the grating
becomes stronger and most of the light power reflected back at the
initial length of the grating. Similar result is observed in Fig. 4, for
fixed grating length 50 mm,  the peak transmissivity trended to zero
for index change greater than 2.4 × 10−4.

The delay of slow-light �-FBG shows a different pattern from
the transmissivity. As the grating length increases the delay is
also increased gradually. It happens because as the grating length
increases the reflectivity of FP mirrors made by �-FBG increases
and light trap in the cavity travels back and forth several times and
experiencing enhanced delay. A similar result is also obtained for
the index change up to 2.2×10−4 as shown in Fig. 4. Further incre-
ment in index-change results in a very slow increment in delay.
It is due to the very slow increment in the refractivity of FP mir-
rors, hence light trap in cavity experiences nearly the same time
delay. The delay decreases sharply after index change of 3.0×10−4

(in Fig. 4). This is because grating becomes very strong and light
power in the cavity reduced to zero.

It is known that the loss coefficient plays a crucial role in slow-
light measurements. The value of loss coefficient is dependent
upon many factors including grating fabrication technology and
index change [19]. The effect of loss coefficients on transmissiv-
ity and delay are shown in Fig. 5. The values of loss coefficients
are taken from literature [18–21,23–25]. As the loss coefficient
increases, the transmissivity and delay decrease. With the incre-
ment in the loss coefficient transmissivity is trended to zero for
the short grating length. For the large loss coefficients, delay is first
increased for the certain length of grating and become constant.
It happens because as the grating length increase the reflectiv-
ity of FP mirrors is increased which increases the quality factor
of the cavity. Further increase in grating length, the propagation
loss becomes dominated on cavity loss; therefore, constant delay
is observed.

The sensitivity is directly proportional to the FoM of slow-light
FBG. For the highest sensitivity, the FoM must be optimum with
respect to slow-light grating parameters. The effects of slow-light
grating parameters, grating length L, index change �n,  and loss
coefficient  ̨ on FoM are plotted in Fig. 6, Fig. 7 and Fig. 8, respec-
tively. For the zero loss coefficient, as the grating length increases
up to 60 mm (in Fig. 6) and index-change up to 1.8 × 10−4 (in
Fig. 7), FoM increases gradually to the highest value. It is because
for the given range of grating length or index-change, delay is

increased sharply than the decrement in transmissivity as shown
in Fig. 3 and Fig. 4. Further increment in grating length or index-
change, FoM of �-FBG is decreased sharply because in these range
transmissivity and delay both are decreased.
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Fig. 5. Transmissivity and delay vs.  grating length with d −4

Fig. 6. FoM vs.  grating length for 
n = 1.5 × 10−4 and  ̨ = 0.
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Fig. 7. FoM vs.  index change for L =50 mm and  ̨ = 0.

Figure 8 shows the dependency of FoM on grating length for the
ifferent loss coefficients. As the loss coefficient increases the peak
f FoM decreases and shifts toward the shorter grating length. It
appens because an increase in loss coefficient reduces the trans-
issivity, as well as delay. In addition to this, as the loss coefficient

ncreases the peak of delay is shifted towards the shorter grating
ength.

For the highest sensitivity FoM must be the highest. Above
esults show that for the highest FoM loss coefficients must be as
ow as possible. The lowest loss coefficient reported in the litera-
ure is of 0.10 m−1 for the index change of 1×10-3 [25]. However,
he same loss coefficient is used in this manuscript to optimize the
rating length for low index change of 1.5×10-4. Figure 8 shows

hat for the fixed index change of 1.5 × 10-4 the highest FoM of
3.5361 ns is obtained at the grating length of 50 mm.

The transmissivity, delay, strain and temperature sensitivity of
ptimized �-FBG (L =50 mm,  �n  = 1.5 × 10−4, and  ̨ = 0.10 m-1) are
ifferent loss coefficients for fixed 
n = 1.5 × 10 .

shown in Fig. 9 for the illustration. The proposed �-FBG is char-
acterized with peak transmissivity of 0.424, maximum delay of
31.95 ns, strain sensitivity of 8.380 ��-1, and temperature sensi-
tivity of 91.064 ◦C-1. The proposed grating has the overall FWHM of
0.2245 nm and the FWHM of the Bragg wavelength peak transmis-
sivity is of 0.0798 pm.

4. Quasi-distributed sensing system

The optimized slow-light �-FBG is utilized for quasi-distributed
sensing networks. Figure 10 shows the transmissivity and
strain sensitivity spectra of the five-stage quasi-distributed
strain-sensing network without any external perturbation. Each
sensor has assigned a unique wavelength of �B1 = 1546.12 nm,
�B2 = 1548.11 nm,  �B3 = 1550.12 nm,  �B4 = 1552.12 nm, and
�B5 = 1554.13 nm,  respectively. The channel spacing between
two adjacent wavelengths is of 2 nm [15,16]. Figure 11 shows
the transmissivity and strain sensitivity spectra of the same
quasi-distributed strain-sensing network, but exerted with the
strain to the third sensor (�B3 = 1550.12 nm), while other sensors
are kept free from external perturbation. The FWHM of proposed
slow-light FBG is of 0.2245 nm.  Therefore, the maximum allowable
red shift in a wavelength is of 1.7755 nm.  For the given red shift,
the maximum allowable strain is obtained as 1469 ��. The trans-
missivity spectrum is very complicated, while the strain sensitivity
spectrum shows two sharp and distinct sensitivity peaks. However,
the two  sensitivity peaks are not equal, as shown in Fig. 11. It is
due to the amplitude modulation which increases the sharpness
of transmissivity of 3rd sensor; a result in higher sensitive peak is
observed for the 3rd sensor [25]. Moreover, the slow-light sensitive
peaks are free from side-lobes which show an additional advan-
tage over conventional apodized FBG sensing networks [15–17].
Therefore, no guard band needed between the two  sensors when
the external perturbation is applied [16,17]. A similar result can
also be obtained for the five-stage quasi-distributed temperature
sensing networks. The maximum temperature dynamic range
is found to be 133 ◦C. Furthermore, if we had a measurement
system with a sufficiently wide spectral range, the FBGs grid can
be broadened which results in increase of dynamic range of the
system.

5. Conclusions
Slow-light FBG sensors show the high sensitivity and bet-
ter resolution as compared to conventional FBG sensors. In this
paper, we have studied slow-light �-FBG for single and quasi-
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Fig. 8. FoM vs.  grating length with different loss coefficients for fixed 
n = 1.5 × 10−4.

Fig. 9. Optical and sensing spectra of optimized slow-light �-FBG.

Fig. 10. Five-stage quasi-distributed strain sensing applications of optimized slow-light �-FBG.
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Fig. 11. Quasi-distributed sensing of optimized slow-light

istributed sensing applications. Slow-light grating parameters,
uch as grating length L, index change �n, and loss coefficient ˛,
re optimized for the sensing applications. For the optimum grat-
ng parameters, L=50 mm,  �n  = 1.5×10−4, and  ̨ = 0.10 m-1, the
roposed slow-light �-FBG is characterized with peak transmis-
ivity of 0.424, maximum delay of 31.95 ns, strain sensitivity of
.380 ��-1, and temperature sensitivity of 91.064 ◦C-1. The high-
st slow-light strain and temperature sensitivity of 3.8 ��-1 [21]
nd 22.1 ◦C-1 [25], respectively, are reported in the literature for
he apodized FBGs. As compared to the slow-light sensitivity of
podized FBGs, strain and temperature sensitivity of proposed
-FBG is the highest. The proposed grating have the overall
WHM of 0.2245 nm and the FWHM of the Bragg wavelength
eak transmissivity is of 0.0798 pm.  The optimized slow-light �-
BG is used for quasi-distributed sensing applications. A high
train dynamic range of the value of 1469 �� is obtained for a
ve-stage strain sensing network. For the five-stage temperature
ensing network, the obtained dynamic range is of 133 ◦C. The
dditional advantage of a slow-light �-FBG in quasi-distributed
ensing networks over the conventional apodized FBG sensing
etworks is that slow-light peaks are free from the side-lobes.
herefore, slow-light sensing networks do not require a guard
and between the two  sensors when the external perturbation is
pplied.
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