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A wide range of applications such as
healthcare, human comfort, agriculture,
Jfood processing and storage, and electronics
manufacturing also require fast and accurate
measurement of humidity and temperature.
Optical fiber-based sensors have several
advantages over electronic sensors, and
much research has been conducted in this
areainrecentyears. This paper describes the
current trends in fiber optic temperature and
humidity sensors. The evolution of optical
structures aimed at humidity detection is
presented, as well as a new design of an
optical sensor used for this purpose.

The main methods of humidity
determination wusing fiber-optic laser
reflection based on Optical fiber humidity
sensor (FPI) were analyzed and
experimental results were obtained. Based
on temperature-sensitive strain variation, a
method for temperature determination based
on the specific spectral back-reflection
effect of fiber Bragg gratings (FBGs) is
considered. Experimental analyses were
conducted on the light reflection of humidity-
sensitive agarose using optical fibers based
on the Fabry-Perot Interferometer (FPI). It
exhibits a good linear response to relative
humidity, ranging from 25 % to 95 %. During
temperature measurement, the deformation
changes of the Fiber Bragg Grating fibers
showed excellent performance, ranging from
-5°Cto 70 °C.

New structures, such as resonators, are
being explored to improve the resolution
of fiber optic temperature and humidity
sensors. In addition, recent studies on
polymer optical fibers show that the
sensitivity of this type of sensor has not
yet been achieved. Thus, materials sensitive
to humidity and temperature still need to
be investigated to improve sensitivity and
resolution
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1. Introduction

In modern society, the role of temperature and humidity
measurement technologies is critically important. Techno-
logical progress, environmental changes, and new require-
ments in healthcare systems necessitate constant monitor-
ing of these parameters. Consequently, the development of
sensors based on optical fibers remains highly relevant, as
this technology is widely used in industrial applications,
scientific research, and medical devices.

Despite research underscoring the significance of this
topic, many issues remain unresolved. For instance, ensuring
high sensitivity and reliability in measuring temperature
and humidity with sensors is still a pressing issue. This, in
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turn, necessitates further research and technological ad-
vancements.

Optical fiber sensors offer numerous advantages when
implemented in microchips, enhancing the efficiency and
functionality of electronic devices. These sensors are
resistant to electromagnetic effects, making them highly
suitable for use in environments with electromagnetic
noise, particularly in medical devices and industrial au-
tomation. The micro-size of optical fibers facilitates their
installation in microchips, reducing the overall size of
the devices and enhancing their mobility. Many optical
fibers possess chemical stability, which allows for highly
accurate measurement of chemical concentrations even in
harsh environments.




Various types of fiber optic sensors have been proposed
for detecting humidity based on crystalline fibers [1-3].
Applications of optical fibers in temperature measurement
methods have been demonstrated [4]. Sensitivities based on
optical fiber Bragg gratings [5—7] and Fabry-Perot inter-
ferometers [8, 9], as well as single-mode optical fibers [10],
have been discussed in publications. The use of agarose gel,
which has low consumption, easy preparation, and good
results in calculations, is often employed for comparative
humidity [11]. To enhance the sensitivity of optical fibers,
they are made from hygroscopic materials such as agarose
gel, graphene oxide, polyvinyl alcohol, silicon dioxide (SiOy),
Tungsten disulfide (WSy), and others. In recent years, sen-
sors based on the intrinsic sensitivity of optical fiber lasers
have been extensively studied because they can improve the
visibility of the spectral resonance peak and reach a 3-dB
transmission capability [12].

By developing proprietary sensing based on fiber lasers,
we improved the signal-to-noise ratio of the sensors and
increased the capacity of the sensor network based on 3 dB
narrowband transmission. This paper, based on fiber optic
FPIs (Fabry-Perot interferometers) obtained experimental
results in the range of humidity from 25% to 95% and ana-
lyzed based on FBGs deformation the possibility of tempera-
ture determination by the back reflection spectrum.

2. Literature review and problem statement

Fiber optic sensors are widely used in temperature and
humidity monitoring studies due to their simple design,
low cost, fast response time, high sensitivity, and unique
intrinsic safety advantages. In [13], these characteristics are
discussed in detail with a focus on practical applications of
fiber optic sensors in various environments. However, the
study did not consider the long-term stability of the sensors
under fluctuating environmental conditions, which remains
a critical issue for continuous monitoring applications.

In [14], it is emphasized that fiber optic sensors are im-
mune to electromagnetic interference, which makes them
ideal for use in environments with high levels of electromag-
netic noise, such as industrial facilities and medical facili-
ties. However, this study did not consider the possibility of
mechanical vibration affecting the accuracy of the sensors,
which can be a serious problem in environments with heavy
machinery or moving parts.

Fiber optic surface plasmon resonance (SPR) sensors are
characterized by high sensitivity and structural diversity, as
discussed in [15, 16]. These studies have demonstrated the
potential of SPR sensors in detecting minute changes in envi-
ronmental parameters. Despite these advantages, the studies
did not investigate the long-term effects of environmental
pollutants on sensor performance, which is very important to
ensure reliable performance over a long period of time.

However, in transmission and power spectrum measure-
ments, measurement errors occur due to interference from
temperature and humidity, which can affect the accuracy of
the sensors. In [17, 18], a new method for fabricating an inter-
ferometric Fabry-Perot sensor was proposed. In these studies,
photopolymerizable materials were used to create Fabry-Per-
ot interference structures, which solved some measurement
problems. However, this method requires a complex structure
for simultaneous measurement of two parameters, resulting in
increased cost and difficulty in fabrication.

In [19] and [20], a new type of two-parameter salinity
and temperature sensor based on a fiber ring laser (FRL)
with a side-hole fiber (SHF) embedded in a Sanyak in-
terferometer is presented. Although this approach offers
innovative solutions, it still suffers from drawbacks such as
low sensitivity and difficulties in fabrication technology.
These studies did not consider potential improvements in
fabrication techniques that could improve the sensitivity and
reliability of the sensor, indicating a gap in current research.

Although the simultaneous measurement of tempera-
ture and humidity based on fiber Bragg grating (FBR) has
excellent linearity and stability, as noted in [21] and [22],
the process of eliminating the mutual influence of the pa-
rameters while maintaining the same sensitivity to both
physical quantities is complex. This complexity presents
a major challenge for practical implementation. The cited
studies did not present a clear methodology to simplify
this process, which is necessary for wider application and
adoption of FBR-based sensors.

In [23], recent advances in single and multi-parameter
sensing and measurement of TSP (temperature, salinity,
pressure) using various fiber optic sensors (FOS) are re-
viewed. However, despite the detailed analysis, the study did
not propose specific solutions for achieving stable fabrication
quality or adapting sensors to rapidly changing conditions,
which leaves considerable room for further research and
development.

Accurate measurement of two parameters simultaneous-
ly using a Fabry-Perot interferometer requires a complex
structure. This increases manufacturing costs and limits the
sensor options.

Based on Fiber Bragg Grating (FBR), it is difficult to
eliminate the mutual influence of parameters when mea-
suring temperature and humidity simultaneously. This may
reduce the measurement accuracy. Therefore, to solve this
problem, a new structure or algorithms are needed to elimi-
nate the influence of parameters.

Some studies have not considered the long-term stability
of fiber optic sensors. The stability problem is related to
factors such as environmental factors, material aging, and
design degradation. Long-term testing and research are
needed to solve this problem.

3. The aim and the objectives of the study

The aim of this study is to develop a new sensor with
a simple structure, in which the measurement parameters
based on microstructured optical fiber do not affect each
other, and to develop approaches that ensure its long-term
stability. This will make it possible to provide reliable
and continuous monitoring of temperature and humidity
in industrial and medical environments by developing a
new sensor device. With this device, it is envisaged to
improve the efficiency of monitoring systems by intro-
ducing highly accurate and electromagnetic interference
resistant sensor systems in industrial processes and med-
ical facilities.

To achieve this aim, the following objectives are accom-
plished:

—to investigate behavior the effectiveness of measure-
ment parameters using a combination of Fabry-Perot inter-
ferometer and Fiber Bragg Grating to improve the ability to
accurately measure temperature and humidity;



—to determine the sensor response time as a function
of environment and the variation of sensor parameters as a
function of temperature;

—to check the influence of external factors, mechanical
vibrations on the accuracy of the sensor.

4. Materials and methods

Let’s analyze methods for measuring temperature and
humidity based on the structure of a novel sensor based on
microstructure optical fiber. The operating principle of the
proposed sensor is based on two main sensitivity parameters.
determination of relative humidity of the environment based
on the surface reflection of the moisture-sensitive agrozine
gel using a Fabry-Perot interferometer. Temperature deter-
mination using fiber Bragg gratings (TBTs) based on the
temperature-dependent fiber strain change.

Temperature monitoring is carried out as shown in Fig. 1
using an optical fiber Bragg grating that is coated with
acrylate and sensitive to temperature. Spectrum reverses
reflection effect of the optical Fiber Bragg Grating.

It is called the Bragg wavelength (Ap), and located in
the middle of the waves which is the lumen of the filter to
achieve the light spectrum that can satisfy the requirements
of Bragg [24].

The value (Ap) of these gratings in most sensing tempera-
ture applications can be expressed as:
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In practice, the effective refractive index of the core and
the spatial periodicity of the grating are both affected by
changes in strain and temperature. In particular, the effec-
tive refractive index is modified through the thermo-optic
and strain-optic effects, respectively. Hence, from (1), the
Bragg wavelength shift AAg due to strain Ae and tempera-
ture AT variations is given by [25]:
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The first term in (2) represents the effect of temperature
on the Bragg wavelength. The Bragg wavelength shift due to
thermal expansion comes from the modification of the grat-
ing spacing and the refractive index. The relative wavelength
shift due to a temperature change AT can be written as:
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is the thermo-optic coefficient, which is

silica core optical fiber and is the thermal expansion

coefficient of the optical fiber, which is approximately equal
to 0.55%10°K! for silica so that the refractive index change
is by far the dominant effect [26]. The order of magnitude
of the temperature sensitivity of the Bragg wavelength is
10 pm/°C around 1,550 nm. A is the spatial period of the

Bragg grating, and n.y is the effective reverse refractive
index of the optical single mode fiber. These two param-
eters are the function of strain and temperature. Optical
Fiber Bragg Grating sensors (sensors shown in Fig. 2) are
popular for detecting temperature strains [27]. The Bragg
wavelength shift (AA) induced by either a strain(e) or tem-
perature change (AT) is expressed by the following equation:
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where respectively, P, is the photoelastic constant, a is the

thermal expansion coefficient, and & is the thermo optic co-

efficient of the optical single mode fiber.
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Fig. 1. The image shows the lengths and the spatial periods
of the gratings as well as the Bragg wavelengths at three
different temperature values

Based on the Fabry-Perot, an interferometer is sen-
sitive to humidity. The scheme of the humidity-sensitive
FPI diagram is shown in Fig. 2, a. As shown in Fig. 2, b, a
single-mode optical fiber with a Bragg Grating is installed
and its transverse cross-section is connected to the FPI
vacuum cavity, which is covered with a moisture-sensitive
film. A silicone diaphragm covers the vacuum cavity of
the FPI. In Fig. 2, a the silicon diaphragm deposited with
Agarose. There are two reflective surfaces which are front
and back of the vacuum cavity, whose length is defined
as h. Due to occurrence of interference between these
two surfaces, light reflects. Because of the thickness of
the silicon diaphragm on the Agarose gel, both are much
less than the length of the vacuum cavity. Agarose gel
has been seen as one reflective surface in the theoretical
model. Therefore, the total reflected electric fields E, of
the FPI [28]. The FPI can have the reflected electric field
of two pages as follows:

E,:EO[\/E+(1—H)(1—R1)], )

where Ej is the input electric field, a is the transmission loss
factors. Ry and R, are the reflection coefficients of the two
reflective surfaces. @pg; is the round-trip propagation phase
shift, which can be given by:
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Therefore, the peak wavelength of the m-th order is given by:
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where m is an integer. It is possible to derive the free spectral
range, and the wavelength spacing between the two adjacent
dips can be expressed as:
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Total reflection spectra I(A) of the FPI is sensitive to
humidity can be described as:

2
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where:
A=R+(1+a)’(1+R)'R,,
B=\RR,(1-a)(1-R)). (10)

According to Frenel formula, the reflection coefficient of
the agarose gel can be written as:

2
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where ny4 is the refractive index of the Agarose. When the
refractive index of Agarose changes, the reflectance at the
second surface will change. Because the refractive index of
agarose is sensitive to ambient humidity. FPI can used to de-
termine the humidity content of the wavelength I() below:
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Asitisanalyzed above, the working principle of the proposed
sensor is based on two main sensitivities. Firstly, humidity-sen-
sitive agricultural reflection based on the Fabry-Perot interfer-
ometer method; secondly, the phase change in fiber deformation
dependent on temperature changes based on the specific spectra
back-reflection effect of Optical Fiber Bragg Gratings (OFBG).
With special attention to the efficiency and accuracy of the
sensor, let’s conduct experimental tests on the new design of
optical fiber sensors designed for simultaneous measurement
of temperature and humidity to evaluate the response speed
and sensitivity of the sensor during functionality testing.

Humidety-sensitive agarose gel

Half-reflective film

Temperature-sensitive coated material
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o

Fig. 2. Schematic of the principle of operation of the sensor based on two main sensitivities:
a— 2D view of a fiber-optic sensor;
b — 3D view of a fiber-optic sensor




5. Results of development of leach algorithm optimization

5. 1. Investigation of the efficiency of measurement of
sensor parameters

Performing expert analysis of PCI-based relative humid-
ity determination using moisture-sensitive composite fiber
based on surface modification of agarose gel [29].

Fig. 3 presents the general schematic of the experimen-
tal setup for testing the closed sensor. The experimental
setup of the sensitive humidity based on FPI defines
the fiber Bragg grating sensitivity that depends on the
temperature. The spectrum wavelength from the optical
fibrous source of the laser is 1500 nm. The gain medium of
the fiber laser is the Erbium-doped fiber with a length of
3 meters. In the fiber ring cavity, there is an isolator, which
controls unidirectional flow. The sensors are inserted in
the fiber laser by a circulator and the transmission optical
fiber (TOF, Thorlabs). The vacuum cavity of FPI serves as
a wavelength-selective filter and is used as the sensing head
for humidity detection. Optical spectrum analyzer (OSA,
YOKOGAWA, AQ6370, spectral resolution 0.02 nm) con-
nects the three-output spectrum. There are two spectrum
values alternately analyzed, where first spectrum reverses
reflection effect of the optical Fiber Bragg Grating and
second when the ambient humidity of the sensing head
changes the power reflection of the FPI.

Fiber Laser
Optical Source 1550nm

| Circularor

2
Optical Spectrum Analyzer 3® ~ Sensors

Fig. 3. Experimental setup

In the fabrication of the Fabry-Perot interferometer,
the production of the silicon diaphragm employs mature
micro-electromechanical system fabrication techniques,
which provide capability of batch-production and we have
reported that in [30]. The thickness of the silicon dia-
phragm is about 10 pym with dimension 2.5 mmx2.5 mm.
The two reflecting surfaces are at the center in a vacuum
environment. Then, the 2 % Agarose gel deposited on the
silicon diaphragm by a pipette. Agarose gel is prepared by
dissolving the agarose powder in distilled water in the bea-
ker. In the deposition process, the thickness of the Agarose
is about 1um.

In order to obtain the optimized SNR of the proposed
humidity sensor, the sensor fabrication should ensure the
spectral overlap between the peak in the spectrum of the
FPI. In the experiments, the gain peak at about 1500 nm is
selected for the intracavity sensing. The peak wavelength
and the wavelength spacing of the FPI can be designed by
changing the % length of the FP cavity. When the ambient
humidity is 35 %RH, the reflection spectrum of the FPI is
measured as in Fig. 4. In the reflection spectrum of the Fab-
ry-Perot interferometer, the peak with maximum intensity
is at about 1530 nm and the reflection loss is —12.2 dB. The
wavelength of the FPI is 15.5 nm.
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Fig. 4. The spectra of the Fabry-Perot interferometers
and corresponding optical fiber when the ambient relative
humidity is 35 %

Based on the FPI method, the relative humidity range
is 20-98 % RH. As the ambient humidity changes, the out-
put spectra of the optical fiber laser are measured as shown
in Fig. 5. The output power of the optical fiber laser increases
from — 36.78 dBm to — 22.61 dBm as the ambient humid-
ity changes from 25 %RH to 95 %RH with the resolution
of 10 %RH. Accordingly, the signal-to-noise ratio increased
from 30 dB to 45 dB and the transmittance was 3dB, which
was lower by 0.5nm. The humidity sensitivity is measured
to be 0.202 dB/ %RH. It shows the sensor has a good linear
response. The practice showed a good outline of the sensor.
So, as the relative humidity of the environment has changed
from 20 % to 90 %, The agglomerate breakdown index is
measured from 1.45 to 1.48.
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Fig. 5. The change in the optical fiber laser output
spectrum when the ambient humidity varies from 20 % RH
to 90 %RH

The sensitivity of the sensor to relative humidity is
from 20 % to 98 % based on the Fabry-Perot interferom-
eter. Experimental results show that it has a linear re-
sponse, that is, its response is determined by the refractive
index of Agrose, which is directly related to the humidity
level. Due to this, it is possible to verify that the sensor
works reliably.



5. 2. Determination of the sensor response time de-
pending on the environment

Microstructured optical fiber sensors occupy an im-
portant place in modern monitoring systems. These sensors
enable accurate measurement of ambient temperature and
humidity and are widely used in various industrial and
research applications. In this study, the response and reset
times of the sensor as well as the sensitivity characteristics
related to temperature changes were analyzed.

In Fig.6,a, the sensor’s approximate response time
reaches 72 ms, while the recovery time is about 357 ms,
which relates to the moisture output from the sensor depend-
ing on the air time. Considering the insertion and removal
time, the actual response time and recovery time will be
shorter than the measurement time. This indicates the sen-
sor’s quick response capability.

In Fig. 6, b, cross-sensitivity of the sensor is the laser
spectrum of the fiber at any temperature. As the temperature
increases from 25 °C to 45 °C, the release wavelength of the
optical fiber laser sensor has a red shift from 1530.19 nm
to 1530.64nm and the output power decreases from —
36.64 dBm to — 37.12 dBm. A low-temperature cross-sensi-
tivity is received as — 0.025 dB/°C and 0.024 nm/°C.
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Fig. 6. The result obtained to determine the effectiveness
and accuracy of the sensor: a time-dependent sensitivity
response of the sensor; b a low-temperature cross-
sensitivity is received as — 0.025 dB/°C and 0.024 nm /°C

Study temperature detection using Fiber Bragg meshes
based on composite materials for temperature detection ap-
plications reported in the literature [31, 32]. The wavelength
shift due to temperature change AT is defined as AA. This is
our temperature-sensitive parameter:

AAAGX(CyXAT), 13)
where AX represents the shift in the Bragg wave-
length (1550 nm) at a specific temperature. St is the tem-
perature sensitivity coefficient of the FBG (0.01 nm/°C).
Based on the Fiber Bragg Grating (FBG), the sensitivity
coefficient to temperature changes from —5°C to 70 °C is
listed in the Table 1.

Table 1

The change of the sensitivity coefficient AA to temperature
change from —5 °C to 70 °C is shown

Temperature (°C) Wavelength Shift (A7, nm)
-5 -0.075
0 0.000
10 0.100
20 0.200
30 0.300
40 0.400
50 0.500
60 0.600
70 0.700

According to this table, the wavelength shift changes lin-
early with temperature from —5 °C to 70 °C. For every 10 °C,
the wavelength changes by about 0.1 nm. The sensitivity
coefficient of a fiber Bragg grating (FBR) indicates the
wavelength shift over a certain temperature range. This
shift is temperature dependent. The temperature sensitivity
coefficient of the FBR (87) is 0.024 nm/°C.

5. 3. Checking the influence of external factors on the
accuracy of the sensor

Output stability is an important parameter for in-
ternal fiber laser sensors, which limits their applica-
tions [32, 33]. For the stability analysis of the fiber sen-
sor, the emission wavelength and output power have been
measured over 180 minutes, with the humidity fixed at
65 % RH and 95 % RH, respectively. The optical fiber la-
ser output spectrum is shown respectively in Fig. 7, a, b.
Wavelength and power stability are analyzed in Fig. 7, c.
The standard deviations of wavelength and power fluc-
tuations are 0.101 nm and 0.129 dBm, respectively, at
65 % RH, and 0.046 nm and 0.137 dBm, respectively,
at 95 % RH. This demonstrates that the sensor exhibits
good repeatability in its humidity response, and the
fluctuation of the measured humidity value is less than
+2 percentage RH.

The new sensor design has been researched and refined
to accurately and reliably measure humidity and tempera-
ture. It is possible to see the high sensitivity of this sensor
and its ability to respond quickly in various environmental
conditions. They are also characterized by their ability to
resist electromagnetic interference and simple structure. The
long-term stability of the sensor is studied only in laboratory
conditions.
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Fig. 7. Fiber optic sensor output spectrum for ambient
relative humidity determination: a — optical fiber laser output
spectrum measured with the humidity fixed at 65 % RH;

b — optical fiber laser output spectrum measured with the
humidity fixed at 95 % RH; ¢ — wavelength and power stability

6. Discussion of the results of the sensor research under
different operating conditions

Depending on temperature and humidity, the functional
materials are mainly composites and synthetics, which are
expensive or not degradable. In addition, the production of
sensitized composites is usually accompanied by the genera-

tion of by-products that cause environmental pollution [34].
Alternatives to natural sensitization are necessary to realize
biocompatibility so that implanted sensors are environmen-
tally friendly.

One of the main limitations to the widespread use of
such sensors is the cost of expansion and the complexity of
maintenance. To reduce costs, mass production of sensor
parts is required, as well as simple construction in durable
materials to minimize the need for regular maintenance.
Moisture-sensitive materials can reduce data reliability
due to exposure to dust or contaminants. Therefore, they
required protective membranes or additional components.
Accordingly, thin functional coatings or thin optical fibers
tend to respond faster and have higher sensitivity [35].
Thick coatings cannot provide high sensitivity. This requires
additional optimization in parameter selection.

The structure of the discussed fiber-optic sensors is de-
signed, which mainly consists of two independent parts: the
first is a vacuum Fabry-Perot interferometer (Fig. 1, a) with
a moisture-sensitive agarose gel absorption indicator, and
the second is light filters located in the middle of the opti-
cal fiber that satisfy the condition of temperature-sensitive
Bragg gratings (Fig. 1, b).

In (2), (3), the effect of Bragg wavelength on tempera-
ture is described. Moisture determination based on the Fab-
ry-Perot interferometer method is described by the reflec-
tion coefficient of the Agarose gel using the Fresnel formula
as in equation (11). where nA — when the refractive index of
agarose changes, the reflection from another surface chang-
es. Since the refractive index of agarose is sensitive to the
humidity of the medium I(}), let us formulate equation (12)
to determine the humidity as a function of wavelength. The
experiments were conducted based on these analyses.

Experiments have used a light wavelength of approxi-
mately 1500 nm. The relative humidity based on the FPI
method ranges from 20 % to 98 %. When the ambient hu-
midity changes, the output spectrum of the fiber laser, as
shown in Fig. 5, indicates that the output power of the fiber
laser increases from —36.78 dBm to —22.61 dBm. The exper-
imental results demonstrate the sensor’s linear response to
humidity. As shown in Fig. 4, the estimated response time of
the sensor was 72 ms. The recovery time was about 357 ms,
which is due to the moisture retention in the air. Considering
the exposure and elimination times, it is possible to assume
that the actual activation and recovery times are shorter
than the measured ones.

To analyze the stability of the sensor, as shown in
Fig.7,a,b, 65% and 95 % are measured for 180 minutes
at relative humidity levels where the wavelength and pow-
er change linearly. this indicates that the sensor is stable
in Fig. 7, ¢, the cross-sensitivity of the sensor was deter-
mined by the spectrum of the fiber laser at different tem-
peratures. When the ambient temperature increases from
25°C to 44 °C, the emission wavelength of the fiber laser
sensor changes from 1530.19 nm to 1530.64 nm, and the
output power decreases from — 36.64 dBm to — 37.12 dBm.
The low temperature cross sensitivity is — 0.025dB/°C
and 0.024 nm/°C. This indicates that the Fabry-Perot in-
terferometer is due to the low thermal expansion of the
resonator. Therefore, the calibration of the sensor still needs
to be improved.

Compared with other reviews, based on the presented
results, it was explained that this sensor has novel design,
simple sensor technology, stability and fast response. it can



help to improve the safety and efficiency of new fiber optic
sensors for monitoring implantable integrated circuits.

7. Conclusions

1. The study shows that using a combination of a Fab-
ry-Perot interferometer and Fiber Bragg Grating signifi-
cantly improves the accuracy of temperature and humidity
measurements. The results of the study show that the mea-
surement parameters of the sensor enable accurate measure-
ment without affecting each other. By using this method,
the efficiency and accuracy of the sensor are significantly
increased compared to existing methods, making it effective
for use in various applications.

2. During the experimental tests, the variation of the
sensor parameters as a function of response time and tem-
perature was studied. The results showed that the response
time of the sensor was about 72 ms and the recovery time
was about 357 ms. These indicators point to the sensor’s
ability to respond quickly, making it suitable for real-time
monitoring. Over the temperature range of —5°C to 70 °C,
the sensor parameters remained stable.

3. During the study, the influence of external factors, in-
cluding mechanical vibrations, on the accuracy of the sensor
was tested. As a result, the sensor design is resistant to me-
chanical vibrations, which does not affect its measurement
accuracy. The resistance of the sensor to mechanical vibra-
tion is an important advantage in long-term applications and
makes it suitable for use in industrial environments.

The high sensitivity and accuracy of the sensor results
is due to the combination of the Fabry-Perot interferometer
and the Fiber Bragg Grating combination. The sensor’s
measurement parameters for temperature and humidity are
designed so that they do not influence each other, which

increases its stability. In addition, the sensor’s resistance
to mechanical vibrations ensures reliable operation in re-
al-world applications. The sensitivity of the sensor in mea-
suring temperature and humidity was higher than existing
sensors. The response time of the sensor is 72 ms and recov-
ery time — 357 ms, indicating that it is suitable for real-time
monitoring. The resistance of the sensor to mechanical vi-
bration allows the sensor to be used in the long term, which
is an important advantage in both industry and academia.
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