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Abstract

One essential requirement for guaranteeing the secure and reliable functioning of the electricity system is
the regular functioning of fiber optic cable connections. To timely grasp the real-time operation status of the
fiber optic lines, the study proposes a fiber optic cable performance monitoring method based on a variety of
environmental parameters. This method involves the measurement of optical fiber-type light intensity of the
fiber optic cable line, which is used for safety monitoring, monitoring and analysis of fiber optic cable lines,
and the design of a fiber optic cable outer layer broken strands of high precision monitoring method, which
combines fiber grating sensing. To optimize the monitoring method of fiber optic cable performance, the study
was based on fiber optic coupling efficiency and numerical aperture for parametric measurement loss analysis.
The results indicated that the signal-to-noise ratio of the fiber optic sensor can be up to 152 and 157 dB, and
the response frequency can be up to 6233 and 6315 times/s. Adjusting the bending radius can effectively control
the degree of loss of the optical fiber. Compared with 1550 nm, the loss of single-mode fiber G.6521 at 1310
nm wavelength was much lower than that of multi-mode fiber. It can be observed that the monitoring method
proposed by the study is an effective means of monitoring the defects of optical cable operation, providing
reliable protection for the fault monitoring of the outer layer of the cable in remote areas, improving the
operational efficiency of the power system, and effectively monitoring the performance of the cable. This is
crucial to implementing the management of the optical cable's safety performance assessment since it

establishes the framework for it.

Keywords: fiber optic sensing network, fiber optic cable outer layer broken strands, integrated circuit bus, high precision
monitoring, light intensity

1. INTRODUCTION

China's fiber optic (FO) transmission lines are
widely employed in many different industries. One
of the main research hotspots in transmission line
monitoring is the pursuit of efficient and accurate
data monitoring to permit prompt line warning.
Among them, the monitoring of fiber optic cable
(FOC) outer layer broken strands faults is the main
cause of transmission accidents. Therefore, in order
to reduce the economic loss caused by the high
incidence of faults, as well as to eliminate the hidden
dangers and extend the service life of FOC, a variety
of monitoring methods have been proposed at home
and abroad (1,2). FO hydrophones, which are simple
devices for detecting hydroacoustic waves, have
advanced quickly in recent years thanks to their fiber
optic sensing (FOS) and communication
technologies. Deploying deep learning models on
mobile terminals aboard marine survey vessels is
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challenging due to their vast number of parameters.
To improve performance, Lyu C. et al. designed the
deep lightweight attention residual network (DLA-
ResNet), which adds convolutional block attention
modules and depth separable convolution to
ResNet18. The outcomes revealed that the enhanced
DLA-ResNet's accuracy increased by approximately
2.04% and its size decreased by 85.67%. The
average recognition rate of eight underwater FOS
signals reached 96.50%, and the size of the model
was only 6.12MB, which took only 27.90ms,
meeting the reliability and validity requirements (3).
To assess the efficacy of FO monitoring in active
sinkholes, Gutierrez F. et al. compared vertical
displacement data acquired with a high degree of
precision with stresses recorded by two different
types of fiber cable, demonstrating a strong spatial
and temporal correlation. The findings indicated that
testing different kinds of sinkholes with more
confined deformation zones and higher settlement
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rates, as well as enhancing the monitoring system,
could yield better outcomes (4). In a long-distance
HVDC operating environment, Liu Z. et al.
conducted a partial discharge FO ultrasonic
detection system with the goal of enhancing the
safety and effectiveness of partial discharge
detection in high voltage direct current (HVDC)
cable systems. The measurement findings confirmed
the partial discharge FO detection system's intrinsic
safety dependability as well as the partial discharge
sites' detection efficiency in HVDC cable systems
(5). A technique for employing FO to track the
cutting depth during electrochemical machining was
presented by Zhou F. et al. The findings
demonstrated that there was a discrepancy of less
than 4% between the final machining depth
determined by the profilometer and the sensor,
which may be explained by the -electrolyte's
changing refractive index during the machining
process (6).

Distributed strain measurements from FOS can
improve the capabilities of laboratory testing and
structural health monitoring (SHM). Liu H. et al.
investigated the effectiveness of using optical
frequency domain reflection method (OFDR) strain
sensing to assess concrete cracking behavior and
reinforcement deformation. To precisely quantify
fracture width, the study used two types of fiber
cables: one with a higher sensitivity and the other
with a lower sensitivity but a better survival. The
study's findings showed that widespread microcrack
detection and accurate crack width determination
can be achieved by combining OFDR strain sensing
with a novel data processing technique (7). For cable
lines to operate safely and steadily, partial discharges
in cable terminations must be observed. Hao Y. et al.
developed a partial discharge Mach Zehnder
interferometer (MZI) detection system for
crosslinked polyethylene (PE) cable termination.
The findings demonstrated that, for a cylindrical air-
gap defect sample with a base radius of 1.5 mm and
a height of 3 mm, the fiber-optic MZI could detect
partial discharges of 196 pC (8). A distributed FO
monitoring methodology was introduced by Hou G.
Y. as a means of estimating the continuous
deformation of concrete beams. With a maximum
inaccuracy of only 2.7%, the results showed that the
trained neural network's deformation values were
extremely similar to those of the total station. The
findings of the simulation were deemed reliable as
the goodness of fit R-2, as determined by linear
regression analysis, was higher than 0.98 (9). Zhang
S. et al. looked into the efficacy of OFDR when
applied with various kinds of fiber cable in
identifying large strain steel deformations and cracks
in concrete. The findings showed that OFDR was
able to identify strain localization suggestive of
concrete cracking, continuing steel deformation, and
bond stresses across the post-yield range (10). A
fiber Bragg grating temperature  sensing
demodulation system based on optical power
detection was proposed by Huang S. According to

the findings, over a temperature range of 10 to 85
degrees centigrade, the linearity coefficients R-
squared between the optical power and the sampling
voltage were 0.99908 and 0.99893, respectively
(11).

In conclusion, researchers have conducted
comprehensive studies on FO data identification,
performance monitoring, and optimization of
monitoring methods. However, the monitoring
accuracy and sensitivity of the aforementioned FOC
monitoring methods are limited, primarily due to the
susceptibility of the methods to noise interference,
which compromises the signal-to-noise ratio (SNR)
of the monitored signals, such as the temperature of
the FOC, and the response frequency of the sensor.
Therefore, the study proposes a FOC performance
monitoring method based on a variety of
environmental parameters. The method is innovative
to the fiber grating (FG) sensing based on the FOC
outer layer broken strands for high-precision
monitoring  research. @A  design  parameter
measurement loss analysis method is employed to
calculate the FO coupling efficiency and numerical
aperture, thereby enabling the detection of the
performance of FOCs and the assurance of their
normal operation. This method also provides a
technical basis for the optimization of FO
performance monitoring.

The first part of this research describes the
research background, research significance and
existing research prospects of FO communication
and performance monitoring. The second part
focuses on the process of the FOC performance
monitoring method based on multiple environmental
parameters, which is also the focus and innovation
point of this research. The third section describes the
experimental validation based on the algorithm
designed in the second section and analyzes the
results of the experimental data. The fourth part
concludes the experimental results and describes the
shortcomings of the design and the direction for
further development.

2. METHODS AND MATERIALS

A two-dimensional signal model is constructed
based on the temperature data of the outer layer of
the FOC. This is used for high precision monitoring
of the outer strand break of the FOC. In order to
optimize the testing method of FOC performance,
the study calculates the corresponding parameters
through the measurement of fiber connection loss,
optical attenuator parameters, as well as fiber
bending loss and multi-mode optical patchcord
insertion loss. Furthermore, the study investigates
the methods to reduce the fiber loss.

2.1. High precision monitoring method for fiber
optic cable outer layer broken strands based
on fiber grating sensing
The FOC is mostly divided into two sections: the

core and the polymer sheath. PE has become the
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mainstream FOC sheath material because of its good
chemical stability, superior dielectric properties and
many other characteristics (12,13). To effectively
monitor the FOC outer sheath breakage and to
effectively realize the sensitivity of the monitoring
process, the study is conducted to monitor the
accuracy of the FOC outer layer broken strands.
According to the temperature data of FOC outer
layer, the study constructs the corresponding two-
dimensional signal model, in which the wavelet
denoising algorithm is introduced and applied to the
monitoring data acquisition. In order to determine
the temperature amplitude and fiber location, the
study employs the optical time-domain reflection
method (14,15).

Broken strands will not only negatively affect the
working of the circuit, but will also shorten the life
of the wire considerably. Each broken strand in a
wire indicates that its internal structure has been
damaged. This damage may gradually spread over
the course of use, which in turn leads to damage to
the overall structure of the wire, and the wire's
lifespan will inevitably be compromised. Determine
whether the FOC is completely out of service by
performing transmit optical power detection at both
ends of the optical path. If the FOC is completely
interrupted, select several access points in the middle
of the optical path for testing. The approximate
location of the break point is determined by the
bisection method. A detailed test is performed near
the break point to determine the exact location of the
break point of the FOC. Failure cause determination:
Check whether the environment near the break point
has obvious signs of external damage. Examine the
section with an optical magnifying glass to
determine whether it is aged and brittle. Open the
hand hole and check whether there is any connector
problem or flooding condition. Determine the cause
of interruption of the FOC based on the state of the

breakpoint. The condition of FOC breakage is
monitored according to the temperature change. To
obtain temperature data from the outer layer of the
FOC, it is necessary to install the corresponding FO
temperature sensor on the cable itself. Fig. 1 displays
the FO temperature sensor. In Fig. 1, the commands
sent by the research system are the main processor
used, which is the main control component of the
sensor that operates through the IIC bus and
processes the feedback data. During the application
of the sensor, the device is able to effectively control
the pulse drive circuitry by regulating the optical
pulse signal from the laser. To ensure that the
temperature of the laser is stabilized and that the
optical pulse signal is able to change wavelength as
the temperature of the outer layer of the FOC
changes, it is necessary to utilize the change in
temperature to achieve line control. FG is a type of
diffraction grating created by a passive filter
mechanism that modifies the refractive index of the
fiber core axially and periodically. Using the fiber
material's photosensitivity is the primary method of
FG synthesis. By using UV to write the coherent
field pattern of incident light into the fiber core, a
phase grating in permanent space is formed, which
is a periodic change in the refractive index along the
axial direction of the core inside the core (16,17).

To increase the accuracy of detection and
decrease errors resulting from other causes, the study
thoroughly examines the wavelength drift induced
by temperature and strain, respectively. The amount
of visible light received per unit area is known as
light intensity. Which results from photoionization-
induced photoelectron emission, or the photoelectric
effect. Under the action of light can make electrons
escape from the surface of the object is called
"external photoelectric effect” or photoelectric
emission.
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Fig. 1. Fibre optic temperature sensor system specific structure
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Equation (1) expresses the photoelectric effect
from the outside.
hv=E +W (1)
In Equation (1), E, denotes the electron kinetic
energy and v denotes the frequency of the incident
light. W denotes the electron spillover energy and
h  denotes Planck's constant. The external
photoelectric effect is shown in Fig. 2.

1&\@%/@

© e
® e
=i
Fig. 2. Principle of external photoelectric
effect

Light intensity refers to the luminous flux of
visible light received per unit area, which is referred
to as illuminance (Lux or Ix). It is calculated as in
Equation (2).

do
E =— 2
TS 2

In Equation (2), E, denotes luminous flux

irradiated per unit area. @ denotes luminous flux.

S denotes illuminated area (18). It is assumed that

the relationship between the light intensity value and

the current value within the error tolerance can be
expressed as in Equation (3).

E, =k, 3)

In Equation (3), E, denotes the light intensity.

I, denotes the current corresponding to the solar

panel circuit. & denotes the current coefficient,
which can be confirmed by comparison test. The
studied fiber-optic Light intensity sensing and
monitoring device is based on fiber-optic grating and
cantilever beam, and the force analysis of the
cantilever beam is shown in Fig. 3.

Fig. 3. Force analysis of cantilever beams

In Fig. 3, the cantilever beam sensor is a sensing
and measuring device based on the cantilever beam
deformation principle. It consists of one or more
cantilever beams, each of which has a sensor
mounted on it. When an object is placed on the

cantilever beam, the resulting pressure causes the
cantilever beam to deflect, which in turn applies
pressure to the sensor and generates a specific
electrical signal. The cantilever beam structure is one
of the important devices for light intensity sensors. It
is studied to use its strain to move the wavelength of
a FG stress gauge affixed to it to accurately reflect
the light intensity. M denotes the cantilever beam
bending moment. The strain of the cantilever beam
used in the study is within its elastic range and can
be approximated as a line during the calculation. 7
denotes the cross-sectional moment of inertia of the
cantilever beam structure. The approximate
differential equation of the deflection curve is
expressed as in Equation (4).
{M(x) =F(L-x)

E,1p(x)=M(x) @

In Equation (4), E, denotes the Young's

modulus of the cantilever beam material. By
2

combining the radius of curvature p(x)= ? with
X
Equation (4), the result is obtained as in Equation (5).
d2
E1E2 - F(L-x) (5)
dx

Integrating Equation (5) twice yields Equation
(6).

ZszéFafwf+Ax+B (6)

The boundary conditions are utilized to obtain
the variables as in Equation (7).
1

A:EFB

! (7
B=--F

6

The winding degree equation of the cantilever

beam is found as in Equation (8).
F 2 3

o=—-0CLx" —x 8

6EI( ) ®)

The positive stress o at any point in the

cantilever beam cross-section is obtained as in
Equation (9).

M*y

= 9

7 9)

In Equation (9), y denotes the distance from the

o

calculation point to the neutral axis. o denotes the
positive stress. That is, in order to resist the stresses
generated by deformation, the moment of inertia of
a rectangular cantilever beam section can be
obtained by analyzing a quantity that reflects the
bending characteristics of the section, referred to as
the moment of inertia. The axial moment of inertia
of the cross-section with respect to an axis is equal
to the integral of the square of the distance of each
micro-area of the cross-section multiplied by the
distance of the micro-area to the axis over the whole
cross-section, which is calculated as in Equation

(10).
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T
2
- (10)
I a
12

Combined with the defining equation & :% of

strain, the joint Equation (4), (10) can get the strain

at any point. Specific calculations are shown in
Equation (11).

6F(L—x)

& Zal? (1D

Therefore, the absolute value of the strain on the

compression surface can be obtained as a negative

correlation.

2.2. Parametric measurement loss analysis based
on fiber optic coupling efficiency and
numerical aperture
In the above according to the temperature and

light intensity to achieve the FOC line sensing
detection, the need to achieve the measurement and
analysis of FO loss, in order to optimize the FO loss
detection. The study of FO loss type and related
parameters has a very important significance in the
practical application of FO. The FO coupling
efficiency, NA size is an important research object
in optical signal transmission and sensing
technology. Absorption loss, insertion loss and
bending loss of FO are also parameters that need to
be monitored in FO cabling project (19). Therefore,
in order to optimize the detection method of FOC
performance, the study calculates the corresponding
parameters and researches the methods to reduce FO
loss through the measurement of fiber connection
loss, optical attenuator parameters as well as fiber
bending loss and multi-mode optical patch cord
insertion loss.

FO coupling, which is the process of coupling
light energy from a light source into a FO for
transmission, is a crucial component of FO
transmission and sensor technologies (20). The study
measurements analyze the coupling of single-mode
and multi-mode fibers and the optical path setup for
FO coupling measurements is shown in Fig. 4.The
NA of an FO is the parameter difference between the
diameter of the center core of the FO transmission
center and the refractive index of the cladding. It is
an important index of FO transmission, which is
directly related to FO transmission performance,
optical signal transmission quality and other aspects.

It characterizes the optical signal reception ability
and transmission performance of the FO
transmission center core. Specifically, the size of NA
directly affects the optical signal loss in the FO, the
transmission distance, and the bandwidth of the FO
and other properties. In the light transmission
process, the approximate radius of the circular spot
is calculated as in Equation (12).

R=R —R,| (12)

L denotes the distance of the obtained fiber
output from the face. The study uses a power meter
that is at the center of the circular spot to measure the
corresponding power, which is indicated by a
micrometer filament scale. P, is the power at the

current moment and P, is the boundary power. R,

denotes the pan-table scale at the current moment.
When P, =0.1F, R, denotes the current moment

scale after the power meter is moved. NA is
calculated as in Equation (13).
NA =Sin[arctan(| R1—R2|/L)] (13)

The study uses an optical transmitter for testing
and a small variable attenuator and the testing
method is shear. To balance the mode distribution,
the study uses a column mode scrambler and then the
specified optical power is obtained. Finally, in order
to obtain the output optical power, the small variable
attenuator is connected to the circuit. The specific
test flow is shown in Fig. 5.

Fiber loss is the attenuation per unit length of the
fiber. The loss calculation formula is shown in
Equation (14).

In Equation (14), P(Z,) denotes the optical
power at axial distance Z =L . a(A) denotes the

a(A) =101

attenuation coefficient, which is located at
wavelength 4. P(0) denotes the optical power at

axial distance Z=0.

Bending loss is one of the most significant
reducible losses in FO cabling, and a fiber wrap
scrambler is a component that enables strong
coupling of strongly geometrically perturbed modes.
This component provides mode distributions that are
independent of the characteristics of the light source.
Using this component to simulate fiber bending, the
bending loss can be calculated using the formula

(15).

Fiber optic

L]

Fig. 4. Fiber optic coupling measurement diagram
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Fig. 5. Fiber loss test block diagram

A=101g(P,/ P,) (15)
In Equation (15), B is the fiber untwisted
measured power. 4 is the bending loss and P, is

the power after winding. The study first needs to
obtain the optical power number output data, obtain
the optical power at different wavelengths by two
methods, and then find the relative loss rate. Fig. 6
shows the scrambler winding method.

3. RESULTS

In order to validate the proposed performance
testing and optimization method of FOC based on
multiple environmental parameters, an experiment is
carried out. The objective of this experiment is to
validate the method, analyze the corresponding
design parameters and experimental data results,
validate the advantages and feasibility of the method,
and provide a reference for the subsequent
monitoring of the FOC lines.

3.1. Experimental results of fiber optic cable

grating monitoring in power systems

A vertical stress of 1N applied at the free end is
investigated in relation to the practical application.
The thickness of its selected cantilever beam is 2 mm
and then simulated by Solidworks software. Table 1
shows the simulation results. The strain has reached
the desired strain value for the cantilever beam arm
length of 10 cm. Although, the longer the cantilever
beam, the higher the maximum strain value in the
case of constant stress at the free end of the

(a) Bending radius R; winding method

cantilever beam. However, the energy loss of the
interaction between the two parts must also be taken
into account, and therefore a cantilever beam arm
length of 12 cm is selected for the study synthesis.

Table 1. Mechanical simulation results of cantilever
beam based on fiber optic grating

Cantilever  Free end displacement Maximum
arm of cantilever strain

length/mm beam/mm value/10-5
80 0.256 6.834
100 0.501 9.354
120 0.889 11.365
140 2.842 28.63

Experiments in FOC structure monitoring is
pasted two different wavelengths of FG strain gages,
set up the name of B1, B2, model 3100. In this study,
temperature control experiments will be carried out
on the strain gages on the cantilever beams. The
temperature fluctuation is shown in Fig. 7. The
experimental environment is no-load state and the
temperature is in the interval of 0°C-60°C. Fig. 7(c)
shows the final calculated temperature compensation
effect. In terms of strain wavelength, the maximum
temperature-induced wavelength fluctuation
deviation is 1 nm. The temperature offset-induced
error is within 0.015 nm, and the maximum error is
1.5%, which is within the acceptable range. Fig. 8
reflects the effect of FO grating test. The experiment
is the result of long-term operation, testing and

(b) Bending radius R, winding method

Fig. 6. Two different winding methods for disturbance models
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Fig. 8. Comparison between fiber Bragg grating light monitoring sensors and comparative detection devices

practical application, so the monitoring effect of
fiber Bragg grating light monitoring sensor can
effectively reflect the actual FOC line loss and other
conditions. Moreover, the error of the sensor
monitoring results is within 6%. Therefore, the
proposed fiber Bragg grating light monitoring sensor
can reliably monitor FOC lines.

3.2. Measurement and analysis of fiber optic
cable outer layer broken strands with high
precision monitoring and loss results
Table 2 illustrates the outcomes of the SNR

assessment, which  demonstrates that the

methodology for signal acquisition proposed by the
research's sensor exhibits a high degree of

monitoring precision and is capable of retrieving a

wealth of valuable insights. This is primarily evident
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(d) Comparison of Light Intensity Data 4

in the acquisition of signals with a notable SNR,
reaching up to 57 dB. The processing effect of signal
processing can be reflected by the response
frequency. With the increase of external signal
frequency, the maximum response frequency of the
sensor is as high as 6233 and 6315 times/sec, which
shows that the method can realize the sensitive
response to the corresponding signals on two kinds
of FOC.

Fig. 9 presents a comparative analysis of the
bending loss associated with the two distinct
winding methodologies. For a given state and type
of FO, the loss degree varies depending on the
wavelength of light signals traversing it. This is due
to the differing bending radii of the fibers, which
affect the degree of light loss. When considering the
same wavelength of optical signal, the loss of B is
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less than that of A. This is due to the smaller bending
radius of A, which results in a larger bending radius
for fiber B. It can be observed that adjusting the
bending radius can effectively control the degree of
loss of the FO. Therefore, compared with 1550nm,
the loss of single-mode fiber G.6521 at 1310nm is
much lower than that of multi-mode fiber.

To further compare the optimized method of
performance detection of FOC proposed in the study,
it is compared with the method of accurate
measurement of crack width (set up as a comparison
method) using a more sensitive fiber cable and a
cable with reduced sensitivity but better
survivability, as proposed by Liu H et al. Fig. 10(a)
shows the detection of different FOC damage

conditions based on temperature parameters by
the research method. Among the monitoring
information of different FOC sensors, the
temperature information can be a good early warning
of the FOC condition. One of the FOC 1 sensors 5
has the risk of breaking strands of the outer fuse of
the FOC due to lightning strikes. This is mainly
manifested in the fact that the location of the
temperature change of the FOC 1 sensor 5 is the
same as the simulated location of the measured
lightning strike. This is shown by the rapid increase
in temperature in the first period which in turn leads
to an increase in temperature of the FOC in the later
period. This clearly demonstrates the accuracy and
effectiveness of the proposed method in monitoring
high temperature melt strand breakage of FOC.

The temperature change of cable 2 is mainly
characterized by the increasing temperature from the
sensor 2 and the temperature rise of the 3rd sensor
has already reached more than 280°C. Field testing
reveals that the cable line at this location is broken,
which effectively demonstrates the effectiveness and
accuracy of the proposed method in detecting
damage to the cable line due to temperature rise and
breakage. Field tests reveal that strand breakage at

this location is indeed caused by construction stress
or fatigue short circuit current temperature rise. This
is primarily indicated by the sensor 2 on FOC 2,
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Fig. 9. Comparison of bending losses between two
winding methods

whose temperature trend began to rise consistently in
the early part of the period. In addition, when
monitoring the sensor 3, it is found that its temperature
has risen to over 279°C. Fig. 10(b) shows the
comparison between the research method and the
comparison method for the detection of FOC. The
research method is more similar to the actual
measurement of the FOC than the comparison method,
so the proposed method shows better detection
performance.

Table 2. Signal-to-noise ratio test and response frequency test results

Sensor External signal Signal-to-noise ratio/dB Sensor maximum response frequency/times/s

number frequency/times/s a b a b
1 6000 125 136 6230 6310
2 5620 136 152 5752 5692
3 6230 152 163 6258 6420
4 5820 142 142 5870 5890
5 5480 136 152 5569 5563
6 5660 128 157 5690 5678
7 4960 136 136 5201 5129
8 4880 152 132 4986 5028
9 5260 142 152 5362 5320
10 5280 153 162 5365 5374
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Fig. 10. Research methods for verifying the performance of fiber optic cables

4. DISCUSSION AND CONCLUSION

In order to achieve the normal operation of FO
communication and effective maintenance in the
later stage, the study proposes a method for
monitoring broken strands in the outer layer of
FOCs. This method employed temperature sensing
in order to achieve the real-time display of the FO
temperature sensor monitoring signals, as well as the
study of the SNR and response frequency of the
larger sensor signals. The goal of this study was to
provide insights for the application and analysis of
FOCs. To optimize the monitoring method of FOC
performance, a parameter measurement loss analysis
based on FO coupling efficiency and NA was
introduced. The results indicated that the maximum
temperature-induced wavelength fluctuation
deviation was 1 nm in terms of strain wavelength.
The maximum error of temperature offset was 1.5%,
and the error was within 0.015 nm, which was within
the acceptable range. The proposed method of the
study was able to acquire a large amount of useful
information with high monitoring accuracy. The
maximum signal acquired by the sensor was around
157 dB, which was able to achieve a high SNR. In
addition, the maximum response frequency of the
sensor was as high as 6233 and 6315 times/sec with
the increase of the external signal frequency, which
indicated that the method was able to achieve a
sensitive response to the corresponding signals on
the two types of FOCs. It can be concluded that the
proposed method of the study can obtain high
monitoring accuracy, which is of some significance
for FO communication and reduction of fiber optic
communication loss. However, the study is relatively
complicated for the design and installation of FG
sensor, so the installation and design of FG sensor
need to be further simplified in the subsequent
research.
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