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Abstract: The sensor technology industry has come to recognize and value the optical fibre sensor (OFS). It is frequently used to
detect changes in the environment and to respond to outputs from other systems, such as those in industrial, monitoring, and
chemical analysis applications. While a brief segment of optical fiber with a particular wavelength is reflected with light in a
device known as a Fibre Bragg Grating, a Bragg reflector begins to grow and transmit all other wavelengths. Through software
modeling, the current study focuses on the changing traits and behaviors of temperature and strain sensors that are used with
fiber bragg gratings (FBG). The main objective of this work is to study the properties and behavior of strain sensors utilized in
conjunction with fiber bragg gratings. A strain sensor can be used to determine the strain in an object whose resistance changes
when force is applied.

Keywords: Fiber Bragg Grating, Bragg Wavelength, Strain Sensors, Grating Period.

L. INTRODUCTION
A fiber-optic sensor is one that processes extrinsic sensor signals that are transmitted from the far sensor to the electronics, in
addition to acting as an intrinsic sensor. An optical fibre consists of three parts: the coating, the cladding, and the core. The cladding
layer was originally made of a dielectric material and has an index of refraction of n,. The index of refraction of the cladding
material is less than that of the core material.[1]. sensors made of optical fibre that have a very broad bandwidth, are resilient against
electromagnetic interference, and can function well in environments with high pressure, high temperatures, and poisonous
materials.[2] The fibre Bragg grating sensor, also called Fibre Bragg Grating, is one of the most intriguing developments in optical
fibre sensing technology. It is frequently employed in many SHM paradigms and has the ability to multiplex.[3] A Fibre Bragg
Grating is a sensor with a distinct personality to adhere to. For instance, when the fibre is compacted, the strain is calculated using
the Fibre Bragg Grating. This is caused by the distortion of the optical fibre, which alters the time adjustment of the microstructure.
Affectability of the temperature-sensitive material is also intrinsic to a fibre Bragg grating. The temperature sensor used in the Fibre
Bragg Grating, where the thermo-optic coefficient and the thermal-expansion coefficient cause the Bragg wavelength to shift as a
result of a change in refractive index, is comparable to the strain sensors to which the single-point sensors belong and preserves the
features of small size, solidity, peak accuracy, and elasto-optic (optical strain).[4] Various studies on Fibre Bragg Grating (FBG)
have been carried out in the last few years by various researchers who have employed simulation to use Fibre Bragg Grating as a
strain and temperature sensor. The refractive index and the grating period are the two primary results of Fibre Bragg Grating. In
order to better understand the implications of Fibre Bragg Grating, this study discusses Fibre Bragg Grating and focuses on
numerical theoretical demonstration and simulation using MATLAB.
Fibre Bragg Grating (FBG) have shown a great potential advantage in biomedical application over the past ten years [5] due to their
prominent characteristics, which include their extremely small size, light weight, immunity to electromagnetic interference (EMI),
electrical neutrality, and ability to be easily embedded into a structure without having any effects on the mechanical properties of
the object under investigation[6][7].Fibre Bragg Grating was used as a photoacoustic (PA)detection method to detect the existence
of tumours because of its capacity to transform the absorbed energy entirely into heat without producing PA signals caused by
scattering particles[7]. Because it combines light contrast and ultrasonic resolution, the photoacoustic approach is unique[8]. This
technique is used in tumour diagnosis because of its benefits, which include noninvasiveness, high detection sensitivity, and the
ability to identify small element sizes[9],[10].
A sensor can be made out of specifically constructed optical fibre. In a tiny portion of the fibre, the core refractive index of the
optical fibre intended for sensor applications differs from that of the conventional fibre core and cladding [11]. Usually, a periodic
structure is introduced in that tiny portion of the optical fibre core. Fibre Bragg Gratings (FBG) are the name given to this region of
the fibre core because it reflects specific wavelengths of light. When a dielectric waveguide's properties are regularly altered, the
effective refractive index of the guide is also periodically altered [12],[13]. Alternatively, when a DBR is a structure composed of
multiple, alternating layers of materials with variable refractive indices. The Bragg wavelength shift of Fibre Bragg Gratings
determines the sensitivity of FBG-based sensors.
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Encoded in the fibre core segment, the FBG is a periodic wavelength scale alteration of the refractive index. Bragg gratings reflect
light at a particular wavelength that meets the Bragg condition. This reflection in a grating occurs when forward and back
propagation modes couple at a specific wavelength [14]. The coupling coefficient of the modes is highest when the specific
condition, such as the Bragg condition, between the vectors of the light waves and the vector number of the grating, is satisfied.

m-Ag =2-n,4 A "

the Bragg wavelength, the diffraction order m, the grating period, the core's effective refractive index, and the effective wavelength
of light. The working concept of the fibre Bragg grating is shown in Figure 1.

For a single FBG, there are theoretically an infinite number of Bragg wavelengths. The diffraction order Bragg wavelength changes
for different values of m, as may be inferred from equation (1). In actuality, only one or occasionally two Bragg resonance
wavelengths are used because there is a large spectral gap between the two. The second Bragg wavelength of the grating will be
twice as short, at 750 nm, assuming the first one, m=1550 nm, is 1550 nm. However, the spectral range of the sources utilised for
fibre is usually limited to 100 nm. Additional Bragg peaks may show up if the refractive index modulation in FBG is not sinusoidal,
as it usually is. This technique is used in tumour diagnosis because of its benefits, which include noninvasiveness, high detection
sensitivity, and the ability to identify small element sizes[9],[10]. This technique is used in tumour diagnosis because of its benefits,
which include noninvasiveness, high detection sensitivity, and the ability to identify small element sizes[9],[10].

1. THE FUNDAMENTALS OF FBG SENSING PRINCIPLE
Figure 1 illustrates the Fibre Bragg Grating (FBG), a single mode fibre with periodic refractive index modulation along its core. The
reflecting index of the fibre core increases in a single mode optical fibre exposed to strong UV radiation, resulting in a fixed index
modulation called a grating[12]. The wavelength that is reflected when the FBG is exposed to a specific wavelength is known as the
Bragg's wavelength, or maximum reflectivity, since the period of the grating area is roughly half that of the input light's wavelength,
as indicated in equation (2) [4][6][11].

/13 = 2neffA )
where neff is the effective refractive index of the fibre core, A is the FBG period, and AB is the Bragg grating wavelength in the
free-space centre wavelength of the input light that will be back-reflected from the FBG. The fibre also transmits the remaining
portion of the light.
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Figure 1: Schematic diagram of a fiber Bragg grating. [17]

Temperature and strain are the two variables in (1) that are sensitive to variations in the outside environment. These parameters are
the grating period A, the effective index of the core, and the neff. The effective index is affected by temperature variations due to
the thermo-optic effect, whereas the period is affected by thermal expansion of the glass. Hooke's law explains how the elasto-optic
effect and the glass's elasticity cause changes in period and effective index, respectively, when strain is applied. The effective index
and period of the grating will move due to strain and temperature variations, changing the overall Bragg wavelength by 2Ag.
Therefore, equation (3) will be produced by the Bragg condition:
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Ag +AAg =2-(ne +Anye)-(A+AN)
=25 A+ne AN+ A-Ang +Ang - AA) o

The last component of the formula can be disregarded since it simply multiplies two little values. After taking (1) into account, we
will have the formula for the change in Bragg wavelength:

Adg =2(n4z-AA+A-Ang)
@

The Bragg wavelength will vary if any of the previously listed characteristics changes. One can determine the modification by
comparing the corresponding Bragg wavelength shift with the reference.

5 27T Nefr _ 2
AB A -

1. REFLECTION AND TRANSMISSION OF LIGHT IN FIBER BRAGG GRATING
The refractive index of the fibre core fluctuates with a period of k, as seen in the image below. The portion of light whose
wavelength matches that of the fibre The bragg grating will be reflected back to the input end when a broad spectrum light source is
discharged into one end of the fibre, allowing the remaining light to pass through to the other end. The following figure provides an
explanation of this reflection phenomenon.
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Figure 2 : The reflection and Transmission Spectrum of an FBG. [18]
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The following equation results from the Bragg grating condition’'s requirement for momentum conservation:

27rncff 27

A A
& ©)

where AB is the wavelength of light reflected by the Bragg grating and neff is the effective refractive index of the fibre core.

Fresnel reflection is the fundamental idea underlying the operation of fibre Bragg gratings (FBGs). when light is allowed to reflect
and refract through the combination of two media that have differing refractive indices. Over a given length, the fibre Bragg grating
will normally display a sinusoidal fluctuation in refractive index. As demonstrated in Figure 3, the bandwidth, or the range of
wavelengths between the initial minima, is determined by AA, where dng is the variation in the refractive index (ns-n,) and n is the
fraction of power in the core.

2

A\ — 20mgn s

™
(6)

V. WORKING PRINCIPLE OF FIBER BRAGG GRATING
An optical sensor known as an FBG is produced by laterally exposing a single mode fibre core to a strong UV laser light pattern on
a regular basis. The exposure causes the refractive index of the fiber's core to grow gradually, resulting in fixed index modulation
known as grating spacing. As seen in the image below, the grating inside the fibre optic core is responsible for transmitting all other
light while reflecting a particular input light wavelength known as the Bragg wavelength (Bragg related to grating period). We
obtain the Bragg wavelength from the equation.

=27 A
1 (7)

The shift in the reflected Bragg wavelength is detected by an interrogation unit, as shown in the above picture, when a change in
physical characteristics occurs and is determined by equation.

A)\Bragg = [(1 - pe)-8 + (G + C)AT] )\Bragg

Where p. is the strain-optic coefficient, T is the change in temperature, induced strain, thermal expansion coefficient, and thermo-
optic coefficient are all present. According to the equation above, temperature and strain both affect Bragg shift. P, = 0.22 and
various coefficients are known for silica fibre.

Bragg

V. FBG EQUATIONS FOR STRAIN MEASUREMENT
A sensor's length, or strain, L, varies from its initial length when stress is applied to it. When a stress is applied to the fibre, the
associated strain is L/L. Temperature adjustment is required because thermal expansion causes temperature to affect physical
dimensions. To measure strain alone when utilising an FBG sensor, the impact of temperature on wavelength shift calculations must
be taken out. To counterbalance the effect of local temperature on the FBG, this can be achieved by attaching a temperature sensor
to it. Therefore, we have subtracted eq. (10) from eg. (9) to get eq. (5) below in order to measure strain.

an,, IA
Al =2l A—L +n — [XAL
i R I Tes oL

©)
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(10)
where e is the applied axial strain and p is the effective strain-optic constant, represented as

a
7] efr
s [/’12 —v(p, + P )]
(11)
where v is the Poisson's ratio and p; and p, are parts of the strain-optic sensor. P; = 0.113, P,= 0.252, VV = 0.16, and N = 1.482 for a
germanosilicate optical fibre. As a result, p has the value 0.22.

Bragg wavelength strain sensitivity,

AA

A€

(12)

VI. METHODOLOGY
Setting the parameter is one of the most important and critical aspects of the Fibre Bragg Grating simulation. The primary Fibre
Bragg Grating parameter in this simulation is set to the default values. Setting the specification parameter where the sensor displays
the effect after detecting any changes brought on by variations in temperature and strain are essential.
Table 1: Fundamental Parameters in the Fiber Bragg Grating

Parameters Symbols Standard
Effective Refractive Index N.g 1.43535
Grating Period A 536 nm
Strain-Optic Constant Pe 0.22
Coefficient k 0.78
Refractive Index Change F 0.0003
Thermo-Optic coefficient a 7.18x10°
Thermal-Expansion coefficient B 25x10°

Table 2: Specifications of Parameters in the the Fiber Bragg Grating

Parameter Unit Standard

Fiber Bragg Grating wavelength range nm 1548 - 1552

Fiber Bragg Grating length nm 1 2 3 - >
Peak reflectivity % 30 70 80 90 90
Strain range ita + 8000

Strain sensitivity pm/ p€ .15

Strain resolution ita 0.40

Temperature range °C 25 -250
Temperature sensitivity pm/°C 17.3

Temperature resolution °C 0.05
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VII. RESULTS AND DISCUSSION
The goal of this study on Fibre Bragg Grating simulation is to illustrate the behaviours and properties of the fibre bragg grating for
temperature and strain sensors. Bragg wavelength shift variations are regulated by temperature and strain. Under various refractive
index changes and grating lengths, the spectrum reflectance of Fibre Bragg Grating sensors varies. The findings of this simulation of
Fibre Bragg Grating acting as temperature and strain sensors are shown in the table below. When there is a change in the fiber's
length from its initial length, the strain is measured. The fibre detects strain in the fibre when the length of the fibre deviates from its
initial length. when a result, strain increases when fibre length changes more dramatically. When Al = 0.45 was the fibre change, it
rose to 272411 pe.
Table 3: Strain imposed by a change in the length of the fibre

Change of length, Al (£ 0.05 mm) Strain, (u€)
0.00 0
0.0 2500
0.10 5000
0.15 7500
0.20 1000
0.25 1250
0.30 1500
0.35 1750
0.40 2000
045 2250

Bragg Wavelength Shift: MATLAB may be used to plot the graph of Bragg Wavelength Shift with applied strain, which can be
obtained from a table.

Table 4 : The Bragg wavelength shift with applied strain

Strain, € Bragg wavelength, Bragg wavelength shift,
Ag (£ 0.10nm) Al (£0.00001nm)
0 1548.60 0
2500 1549.00 3.02055
5000 1549.40 6.04266
7500 1549.80 9.06633
1000 1550.20 12.09156
1250 1550.60 15.11835
1500 1551.00 18.1467
1750 1551.40 21.17661
2000 1551.80 24.20808
2250 1552.20 21.4111
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Bragg Wavelengeh Shift aganst Stran

Figure 1 : Graph of the Bragg wavelength shift versus strain

The spectrum reflectance is dependent on both the grating length and changes in refractive index.

Grating An = 0.0003 An = 0.0005 | An= 0.0008 | An= 0.0012 | An = 0.0015
Length

(L), mm R (%)

1.0 29.450 58.847 85.527 96.953 99.089

2.0 70.300 93.288 99.2703 100 100

3.0 90.103 99.089 100 100 100

4.0 96.959 100 100 100 100

5.0 99.089 100 100 100 100

Dependence of Spectral Reflectivity on distinct Refractive Index Changes: A graph representing the spectral reflectivity of Fibre
Bragg Grating is displayed against five distinct refractive index changes, namely = 0.0003, 0.0005, 0.0008, 0.0012, and 0.0015.
Research has demonstrated that there are distinct changes in refractive index that affect the reflectivity of Fibre Bragg Grating.
When the refractive index changes, spectral reflectivity rises. At a grating length of 1.0 mm, it rises to 99.09% with An = 0.0015.
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At grating length L = 1mm, the reflection spectrum of Fibre Bragg Grating with varying refractive indices changes.

Graph of Reflectivity vs wavelength

Reflectivity (%)
a =

-n = 0.0008

Wavelength (nm)

The Fibre Bragg reflection spectrum Grating with peak reflectivity of R = 29.45% and refractive index change of An = 0.0003 at

grating length of L = 1 mm

Reflectivity (%)

Graph of Reflectivity vs wavelength AQ

1549 15495 1550 15505 1551 15515

Wavelength (nm)

Fibre Bragg's reflection spectrum Grating with peak reflectivity of R = 58.85% and refractive index change of An = 0.0005 at

grating length of L = 1 mm
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Graph of Reflectivity vs wavelength
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The Fibre Bragg reflection spectrum Grating with peak reflectivity of R = 85.53% and refractive index change of An = 0.0008 at
grating length of L = 1 mm
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The Fibre Bragg reflection spectrum Grating with peak reflectivity of R = 96.95% and refractive index change of An = 0.0012 at
grating length of L = 1 mm
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Graph of Reflectivity vs wavelength
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The Fibre Bragg reflection spectrum Grating with peak reflectivity of R = 99.09% and refractive index variation of An = 0.0015 at
grating length L = 1 mm

VIII.  CONCLUSIONS

In conclusion , this study has successfully accomplished every one of its stated goals. This study suggested simulating the
behaviours and properties of fibre bragg gratings as temperature and strain sensors. This simulation can be used to examine
performance, identify traits and behaviour, and assess how well the temperature and strain sensors work. The current work for this
simulation created model for the temperature and strain sensors in the Fibre Bragg Grating was successfully analysed using
MATLAB. The strain and temperature sensors of the Fibre Bragg Grating sensing system were simulated and coded for this
research project using MATLAB software. This simulation can be used to analyse the behaviour, characteristics, and performance
of fibre bragg gratings. Among the properties are the strain, temperature, and spectrum reflectivity for varying refractive index
changes as well as grating length. The variations in grating length and refractive index were used in this simulation to examine these
traits and behaviours.According to the simulation, strain is produced when a fiber's length deviates from its initial length. In the
simulation, the increase in strain has an impact on the increase in Bragg wavelength shift.
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