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Abstract

This paper presents a review of fiber optic-based sensors and their main characteristics and
classification. In the same way, the paper includes a series of applications of sensors based on fiber
optics with Bragg gratings in different fields of study in research such as medicine, civil engineering,
communications engineering, chemistry, and biochemistry, among others. Such sensors are
developed taking advantage of certain characteristics of optical fibers, such as photosensitivity and
the variation of the refractive index of their core. Applications of fiber optics in the detection of
telecommunications signals are also discussed, particularly as a filter device through the usage of
Bragg gratings. Due to its versatility, these optical devices have provided promising results and have
become a leading technology in next generation DWDM systems, as well as in optical sensing
networks.
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Resumen

Este articulo presenta una revisién de los sensores basados en fibra éptica y sus principales
caracteristicas y clasificacion. Del mismo modo, el articulo incluye una serie de aplicaciones de
sensores basados en fibra 6ptica con rejillas de Bragg en diferentes campos de estudio de la
investigacién como la medicina, la ingenieria civil, la ingenieria de comunicaciones, la quimica y la
bioquimica, entre otros. Dichos sensores se desarrollan aprovechando ciertas caracteristicas de las
fibras opticas, como la fotosensibilidad y la variacién del indice de refraccion de su ndcleo. También
se analizan las aplicaciones de la fibra ptica en la deteccién de sefales de telecomunicaciones, en
particular como dispositivo de filtrado mediante el uso de rejillas de Bragg. Debido a su versatilidad,
estos dispositivos 6pticos han proporcionado resultados prometedores y se han convertido en una
tecnologia lider en los sistemas DWDM de préxima generacién, asi como en las redes de deteccién

Optica.
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Introduction

Technological progress has directly influenced the development of communications
technologies, which include different devices such as the telegraph, telephone,
radio, data networks, as well as fiber optics, which provide multiple characteristics
such as increased bandwidth, reduced losses, low latency, immunity to
electromagnetic interference, improved network security, multiplexing capacity,
among others (Ho et al.,, 2021; Kareem et al., 2021; Kersey et al., 1997). Such
characteristics, as well as the different advances in optoelectronics and photonics,
have allowed the expansion of the use of fiber optics as a transmission media,
generating an increase in the implementation and development of optical
communication networks, which are progressively replacing existing coaxial
networks and ethernet networks (Bonk, 2021; Horvath et al., 2020; Waldman, 2019).
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Bragg gratings as a sensing instrument

In addition to the usage of fiber optics as a means of data transmission in
communication networks, it can be used as a sensing instrument for different
physical parameters such as temperature (B. Xu et al., 2021), pressure (Hong-kun
et al., 2020), humidity (Zakaria et al., 2019), environment refractive index (Feng &
Gu, 2019), among others, adding versatility to its functionalities and thus allowing it
to be used for multiple applications in different fields of study.

That versatility is possible due to intrinsic characteristics of the optical fiber, such as
photosensitivity, which is a nonlinear optical effect that affects the refractive index of
the optical fiber core, once subjected to UV exposure (K. Hill et al., 2003), allowing
the creation of periodic disturbances in the refractive index of the optical fiber core,
also called Bragg gratings, which are the basis of multiple optical sensors, since they
can filter the wavelengths of the incident light, while reacting to variations in the
environment, depending on its configuration, (K. O. Hill et al., 1978).

The detection of the different parameters will depend on the configuration of the
coupling mode of the grating structure which would depend on the angle of
inclination and the period, so that the gratings can be classified according to their
period as Short-Period Gratings (Fiber Bragg Gratings, FBGs), and Long-Period
Gratings (LPGs), as shown in Figure 1 (Kashyap, 2010).
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Fig.1 (a) Design structure of Short-Period Grating and (b) Long-Period Grating.
FBGs are formed by a periodic modulation of the refractive index of the fiber core
due to high UV exposure, resulting in a strong resonance in the transmission
spectrum, which response to parameters such as temperature (Duan et al., 2019),
strain (Kim et al., 2020), pressure (Vorathin et al., 2020), among others. On the other
hand, LPGs consist of multiple attenuation peaks due to the coupling of the core
mode to the cladding modes in the forward direction, becoming a good candidate for
the simultaneous measurement of parameters such as temperature, environment
refractive index, relative humidity, among others (Hromadka et al., 2019; Pang et al.,
2020; Zhou et al., 2020).
In addition to FBG and LPG, whose period is uniform, there are fibers with tilted
gratings, whose gratings have an asymmetric structure. Such gratings could be
classified according to the coupling mode as Tilted Fiber Bragg gratings (TFBGS),
Radiation Tilted Fiber Gratings (RTFGs), and Excessively Tilted Fiber Gratings (Ex-
TFGs), (Yuezhen et al., 2021). Tilted Fiber Bragg Gratings (TFBGs) are designed

with a tilt angle of less than 23.1° in the period, during their manufacturing process.
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Figure 2. describes the diagram of phase-matching condition of different structures
of gratings.
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Fig 2. Diagram of the Phase Matching Condition of (a) TFBGs, (b) RTFGs and (c) Ex-TFG.

Also, its transmission light is coupled from the core mode (which propagates forward)
to the cladding mode (which propagates backward), resulting in that, in addition to
the primary resonance as in the FBG, they have a series of multiple resonances in
the cladding mode (Albert et al., 2013), making them a good candidate for measuring
parameters such as refractive index (Miao et al., 2009), Surface Plasmon
Resonance (SPR) (Moreno et al., 2019), relative humidity (Yd et al., 2017), torsion
(Stawomir et al., 2018), among others. On the other hand, the RTFGs have an
inclination angle between 23.1° and 66.9°, which transmitted light is coupled from
the core mode that propagates towards the radiation modes, allowing them to be
widely used as optical polarizers (Yan et al., 2012), spectrometers (Qin et al., 2019)
and polarimeters (Westbrook et al., 2000). Finally, the tilt angle of fibers with
excessively tilted gratings (Ex-TFGs) exceeds 66.9°, and its transmission light is

coupled from the forward propagating core mode to the forward propagating cladding
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modes, generating a unique polarization property, which allows them to be applied
as magnetometers (Lu et al., 2019), refractive index sensors (Y. Xu et al., 2017),
torsion sensors (Yan et al., 2011), transverse loading (Z. Sun et al., 2014), among
others.

Conjointly, there are additional configurations, such as Chirped Fiber Bragg Gratings
(CFBGSs), produced by varying the refractive index modulation period, resulting in
each portion of the grating reflecting a different section of the spectrum
(Korganbayev et al., 2018; Tosi, 2018). Within the special configurations, we can
also find Moire Gratings structures (MFBGSs), whose grating was exposed twice by
UV light with two phase masks (Min et al., 2018; T. Wang et al., 2017), thus offering
a wide possibility of high-resolution optical sensors, which can be used depending
on the requirements of each application (Werneck et al., 2013). All these grid
configurations can be used to perform different types of measurements of physical
parameters, such as those mentioned above, where we can add rotation
measurements (Kisata et al., 2018), bending (Shao et al., 2010), protein detection,
chemical, and biochemical analysis, among others, even simultaneously, depending

on the configuration.

Applications of optical fiber-based sensors in Science and Engineering

Optical fiber-based sensors are increasingly used in different research areas such
as optical communications, where applications such as the implementation of fiber
optic sensor networks with SPON, and filter-based UWFBG networks (Chen et al.,
2021) and multiplexers (C. Y. Li et al., 2021) and optical devices such as Bragg
gratings, are used in communications applications as well as industrial applications
(Q. Sun et al., 2019). In this sense, multiple applications have been developed in
which fiber optic-based sensors are applied for the signals treatment in
communication networks, as is the case of the one reported in (Ghosh & Priye,
2018), where Chirped Bragg gratings were used for suppression of Four-Wave
Mixing (FWM) effects in a 22 x 10 Gbps Dense Wavelength Division Multiplexing
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(DWDM) system. In the same way, fiber optic-based sensors have been reported for
the signal filtering process in optical communications systems, by the use of filters
such as the one reported in (Gao et al., 2021), where fiber Bragg gratings were used
for the fabrication of high-performance Terahertz filters, or tunable microwave
photonic filters, such as the one reported in (X. Li et al., 2021), in which linear chirped
Bragg gratings were applied (Linear Chirped Fiber Bragg Grating, LCFBG).

In addition to its application in optical communications systems, fiber optic-based
sensors have been used in different areas of medicine, such as physiological
monitoring (Prata et al., 2021), minimally invasive surgical procedures (P. Wang et
al., 2022), biomechanical analysis of fracture healing (Kalinowski et al., 2021), e-
health (Domingues et al., 2021), development of photoacoustic tomography (Huda
et al., 2022), becoming an essential tool for the development of novel techniques of
sensing in the health area. Also, fiber-based plasmonic sensors provide different
advantages over traditional plasmonic sensors, such as miniaturization, high
sensitivity levels, and high resolutions, improving the sensing in several areas such
as chemistry, biochemistry, and pharmaceutical sectors, where different applications
have been reported. Such is the case of the optical fiber-based plasmonic sensor
reported by (Moreno et al., 2020), presented in Figure 3, which obtains the surface
plasmon resonance through a hybrid structure based on tilted fiber gratings, and
which is used for hemoglobin detection. Similarly, in biochemical analysis,
applications have been reported for hybridization (Pradhan & Vasimalla, 2022) and
in-situ DNA detection (X. Li et al., 2022), with high levels of sensitivity.
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Fig 3. Optical Fiber-based Surface Plasmon Resonance Sensor reported by Moreno, et al.

Furthermore, fiber optic-based sensors are frequently used in civil engineering in
different types of buildings such as bridges (Sliti & Boudriga, 2021), dams (Allil et al.,
2021), buildings (di Palma et al., 2021), roads (Braunfelds et al., 2021), using
different configurations, to obtain parameters such as strain, temperature, pressure,
among others, and to determine the structural health of buildings, in order to avoid
possible accidents caused by the collapse of structures. Similarly, these sensors are
frequently used in train stations in applications both for the development of
excavation work (Ye et al., 2013), as well as for operation monitoring systems
(Yuksel et al., 2018) and traffic (Gautam et al., 2018), offering a miniaturized, robust,
low-cost tool of great benefit for applications in these fields.

Likewise, the usage of optical fiber-based sensors is reflected in a significant way in
the food industry, where multiple applications were reported, such as the use of
LPGs for the detection of biogenic amines such as putrescine (frequently found in
spoiled foods and fermented beverages) (Vasconcelos et al., 2020), as well as the
detection and quantification of coloring agents such as sodium and copper

chlorophyllin (used for the pigmentation of foods such as beverages and sweets),
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whose prolonged consumption prolonged at high concentrations is harmful to health
(W. Li et al., 2021).

Similarly, in areas such as nautical engineering (Min et al., 2021), aeronautics
(Bednarska et al., 2020; Ma & Chen, 2018), aerospace engineering (Pei et al., 2018),
and automotive engineering (Falcetelli et al., 2022), fiber optic-based sensors have
been used in applications taking advantage of their characteristics to operate in
hostile environments, and of high sensitivity, with respect to electronic sensors.

In industrial engineering, fiber optic-based sensors are used in multiple systems,
such as Supervisory Control and Data Acquisition (SCADA) systems (Nicola et al.,
2018), supply chain monitoring, supply, condition monitoring of industrial induction
motors (Bieler & Werneck, 2018), taking advantage of features such as
miniaturization, low maintenance cost, robust design, and direct connection to AC
power.

Furthermore, fiber optic-based sensors are present in the food industry (Leone,
2022) and the development of new devices (Garavito et al., 2021).

In earth sciences, fiber-optic-based sensors are also applied for purposes such as
seismic monitoring and imaging of the seafloor using fiber-optic-based stress
sensors (Jousset et al., 2018; Wentao et al.,, 2018), monitoring of groundwater
pressure and temperature levels using Bragg gratings (Ho et al., 2021), development
of geophones for geological exploration of oil (Ni et al., 2018), monitoring of the

vertical deformation of the subsoil (Liu et al., 2021) among others.

Conclusion
The main objective in this paper is to highlight the applications of different types of
fiber optic-based sensors, in fields such as science and engineering. Despite
literature has shown important advances in R&D in this area, as well as recent
applications in different fields, further research is required to keep improving several
characteristics of the optical fiber-based sensing technology such as the sensitivity

and miniaturization of novel devices. Furthermore, at some developing countries
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such as Panama, local industries often rely on electromagnetic based sensors which
are prone to interference and require constant re-calibration, caused by extreme
weather conditions, reason why the implementation of optical fiber-based sensing
technology would be suitable for multiple applications in different fields such as

agriculture, civil engineering, medical sector, chemical analysis, and so on.

Referencias
Albert, J., Shao, L.-Y., & Caucheteur, C. (2013). Tilted fiber Bragg grating sensors. Laser
& Photonics Reviews, 7(1), 83-108. https://doi.org/10.1002/Ipor.201100039

Allil, R. C. S. B, Lima, L. A. C,, Allil, A. S., & Werneck, M. M. (2021). FBG-Based
Inclinometer for Landslide Monitoring in Tailings Dams. IEEE Sensors Journal,
21(15), 16670-16680. https://doi.org/10.1109/JSEN.2021.3081025

Bednarska, K., Sobotka, P., Wolinski, T. R., Zakrecka, O., Pomianek, W., Nocon, A., &
Lesiak, P. (2020). Hybrid Fiber Optic Sensor Systems in Structural Health Monitoring
in Aircraft Structures. Materials, 13(10), 2249. https://doi.org/10.3390/mal13102249

Bieler, G., & Werneck, M. M. (2018). A magnetostrictive-fiber Bragg grating sensor for
induction  motor health  monitoring.  Measurement, 122, 117-127.
https://doi.org/10.1016/J.MEASUREMENT.2018.03.010

Bonk, R. (2021). The Future of Passive Optical Networks. 25th International Conference
on Optical Network Design and Modelling, ONDM 2021.
https://doi.org/10.23919/0ONDM51796.2021.9492398

Braunfelds, J., Senkans, U., Skels, P., Janeliukstis, R., Salgals, T., Redka, D., Lyashuk,
l., Porins, J., Spolitis, S., Haritonovs, V., & Bobrovs, V. (2021). FBG-Based Sensing
for Structural Health Monitoring of Road Infrastructure. Journal of Sensors, 2021.
https://doi.org/10.1155/2021/8850368

Chen, E., Dong, B., Li, Y., Li, Z.,, Wang, X., Zhao, Y., Xu, W., Zhao, W., & Wang, Y.
(2021). All-optical tunable fiber filter based on a few-mode optical fiber mode
interferometer coated with graphene epoxy resin composite material. Optics
Communications, 497, 127140. https://doi.org/10.1016/J.0PTCOM.2021.127140

di Palma, P., Pietra, M. della, Canale, V., Alviggi, M., ladicicco, A., & Campopiano, S.
(2021). Two-Dimensional Deflection Maps by Using Fiber Bragg Grating Sensors.
Lecture Notes in Civil Engineering, 156, 507-514. https://doi.org/10.1007/978-3-
030-74258-4_33

(@ SCIENTIA
S("fN"ﬂ E-ISSN: 2710-7647
@ Journal of Basic Science and Technology

Scientia 2022, 32(2). www.revistasvip.up.ac.pa/index.php/scientia

116


https://doi.org/10.1002/lpor.201100039
https://doi.org/10.1109/JSEN.2021.3081025
https://doi.org/10.3390/ma13102249
https://doi.org/10.1016/J.MEASUREMENT.2018.03.010
https://doi.org/10.23919/ONDM51796.2021.9492398
https://doi.org/10.1155/2021/8850368
https://doi.org/10.1016/J.OPTCOM.2021.127140

(@ SCIENTIA
S("fN"ﬂ E-ISSN: 2710-7647
@ Journal of Basic Science and Technology

(SIBST)

Domingues, M. F., Tavares, C., Nepomuceno, A. C., Alberto, N., Andre, P., Antunes, P.,
Chi, H. R., & Radwan, A. (2021). Non-Invasive Wearable Optical Sensors for Full
Gait Analysis in E-Health Architecture. IEEE Wireless Communications, 28(3), 28—
35. https://doi.org/10.1109/MWC.001.2000405

Duan, L., Shi, W., Zhang, H., Zhang, H., Yang, X., Lu, Y., & Yao, J. (2019). An FBG-
based high-resolution temperature sensor through measuring the beat frequency of
single-frequency ring fiber laser. CLEO: Science and Innovations, JTh2A.90.
https://doi.org/10.1364/CLEO_AT.2019.JTh2A.90

Falcetelli, F., Martini, A., di Sante, R., & Troncossi, M. (2022). Strain Modal Testing with
Fiber Bragg Gratings for Automotive Applications. Sensors 2022, Vol. 22, Page 946,
22(3), 946. https://doi.org/10.3390/S22030946

Feng, W., & Gu, Z. (2019). Ultrahigh-sensitivity fiber Bragg grating refractive index sensor
based on thin cladding and mode transition. Optik, 182, 341-348.
https://doi.org/10.1016/.ijle0.2019.01.025

Gao, W., Lee, W. S. L., Fumeaux, C., & Withayachumnankul, W. (2021). Effective-
medium-clad Bragg grating filters. APL Photonics, 6(7), 076105.
https://doi.org/10.1063/5.0051310

Garavito, J., Galvis, C., Lopez, A. M., Franco, A. P., Barreiro, F., Tarazona, R. L., &
Serpa-Imbett, C. M. (2021). Heating device based on modified microwave oven:
Improved to measure liquid temperature by using fbg sensors. Photonics, 8(4).
https://doi.org/10.3390/PHOTONICS8040104

Gautam, A., Singh, R. R., Kumar, A., & Thangaraj, J. (2018). FBG based sensing
architecture for traffic surveillance in railways. 2018 3rd International Conference on
Microwave and Photonics, ICMAP 2018, 2018-January, 1-2.
https://doi.org/10.1109/ICMAP.2018.8354567

Ghosh, C., & Priye, V. (2018). Suppression of four-wave mixing in a 22 x 10 Gbps dense
wavelength division multiplexed system by linearly chirped fiber Bragg gratings.
Optical and Quantum Electronics 2018 51:1, 51(1), 1-14.
https://doi.org/10.1007/S11082-018-1719-2

Hill, K., Malo, B., Bilodeau, F., & Johnson, D. (2003). Photosensitivity in Optical Fibers.
Annual Review of Materials Research, 23, 125-157.
https://doi.org/10.1146/annurev.ms.23.080193.001013

Hill, K. O., Fujii, Y., Johnson, D. C., & Kawasaki, B. S. (1978). Photosensitivity in optical
fiber waveguides: Application to reflection filter fabrication. Applied Physics Letters,
32(10), 647-649. https://doi.org/10.1063/1.89881

Scientia 2022, 32(2). www.revistasvip.up.ac.pa/index.php/scientia

117


https://doi.org/10.1109/MWC.001.2000405
https://doi.org/10.1364/CLEO_AT.2019.JTh2A.90
https://doi.org/10.3390/S22030946
https://doi.org/10.1016/j.ijleo.2019.01.025
https://doi.org/10.1063/5.0051310
https://doi.org/10.3390/PHOTONICS8040104
https://doi.org/10.1109/ICMAP.2018.8354567
https://doi.org/10.1007/S11082-018-1719-2
https://doi.org/10.1146/annurev.ms.23.080193.001013

(@ SCIENTIA
S("fN"ﬂ E-ISSN: 2710-7647
@ Journal of Basic Science and Technology

(SIBST)

Ho, Y.-T., Wang, Y.-L., Chang, L.-C., Wang, T.-P., & Tsai, J.-P. (2021). Optical system
for monitoring groundwater pressure and temperature using fiber Bragg gratings.
Optics Express, 29(11), 16032. https://doi.org/10.1364/0OE.412518

Hong-kun, Z., Yong, Z., Qiang, Z., & Ri-ging, L. (2020). High sensitivity optical fiber
pressure sensor based on thin-walled oval cylinder. Sensors and Actuators A:
Physical, 310, 112042. https://doi.org/10.1016/].sna.2020.112042

Horvath, T., Munster, P., Oujezsky, V., & Bao, N. H. (2020). Passive Optical Networks
Progress: A Tutorial. Electronics 2020, Vol. 9, Page 1081, 9(7), 1081.
https://doi.org/10.3390/ELECTRONICS9071081

Hromadka, J., Mohd Hazlan, N. N., Hernandez, F. U., Correia, R., Norris, A., Morgan, S.
P., & Korposh, S. (2019). Simultaneous in situ temperature and relative humidity
monitoring in mechanical ventilators using an array of functionalised optical fibre long
period grating sensors. Sensors and Actuators B: Chemical, 286, 306-314.
https://doi.org/10.1016/J.SNB.2019.01.124

Huda, K., Lawrence, D. J., Lindsey, S. H., & Baye
r, C. (2022). Photoacoustic tomography to assess acute vasoactivity of systemic
vasculature. Proceedings SPIE, Photons Plus Ultrasound: Imaging and Sensing 2022,
11960, 35-38. https://doi.org/10.1117/12.2612093

Jousset, P., Reinsch, T., Ryberg, T., Blanck, H., Clarke, A., Aghayev, R., Hersir, G. P.,
Henninges, J., Weber, M., & Krawczyk, C. M. (2018). Dynamic strain determination
using fibre-optic cables allows imaging of seismological and structural features.
Nature Communications, 9(1). https://doi.org/10.1038/S41467-018-04860-Y

Kalinowski, A., Linessio, R. P., Mendoncra, C. J. A., Dreyer, U. J., Antunes, P., Ramos,
A., & da Silva, J. C. C. (2021). Fiber-Optic Bragg Grating Sensors for Biomechanical
Analysis of Fracture Healing. IEEE Sensors Journal.
https://doi.org/10.1109/JSEN.2021.3114981

Kareem, F. Q., Zeebaree, S. R. M., Dino, H. |., M.Sadeeq, M. A., Rashid, Z. N., Hasan,
D. A., & Sharif, K. H. (2021). A Survey of Optical Fiber Communications: Challenges
and Processing Time Influences. Asian Journal of Research in Computer Science,
48-58. https://doi.org/10.9734/AJRCOS/2021/V71430188

Kashyap, R. (2010). Fiber Grating Lasers and Amplifiers. Fiber Bragg Gratings, 347-404.
https://doi.org/10.1016/B978-0-12-372579-0.00008-9

Kersey, A. D., Davis, M. A., Patrick, H. J., LeBlanc, M., Koo, K. P., Askins, C. G., Putnam,
M. A., & Friebele, E. J. (1997). Fiber grating sensors. Journal of Lightwave
Technology, 15(8), 1442-1462. https://doi.org/10.1109/50.618377

Scientia 2022, 32(2). www.revistasvip.up.ac.pa/index.php/scientia

118


https://doi.org/10.1364/OE.412518
https://doi.org/10.1016/j.sna.2020.112042
https://doi.org/10.3390/ELECTRONICS9071081
https://doi.org/10.1016/J.SNB.2019.01.124
https://doi.org/10.1117/12.2612093
https://doi.org/10.1038/S41467-018-04860-Y
https://doi.org/10.1109/JSEN.2021.3114981
https://doi.org/10.9734/AJRCOS/2021/V7I430188
https://doi.org/10.1016/B978-0-12-372579-0.00008-9

(SIBST)

Kim, J. S., Kim, B. K., Jang, M., Kang, K., Kim, D. E., Ju, B.-K., & Kim, J. (2020). Wearable
Hand Module and Real-Time Tracking Algorithms for Measuring Finger Joint Angles
of Different Hand Sizes with High Accuracy Using FBG Strain Sensor. Sensors,
20(7), 1921. https://doi.org/10.3390/s20071921

Kisata, P., Skorupski, K., Cieszczyk, S., Panas, P., & Klimek, J. (2018). Rotation and
twist measurement using tilted fibre Bragg gratings. Metrology and Measurement
Systems, Vol. 25(nr 3).
http://yadda.icm.edu.pl/baztech/element/bwmetal.element.baztech-222d122b-
ach5-4779-a299-2f44b5426449

Korganbayev, S., Orazayev, Y., Sovetov, S., Bazyl, A., Schena, E., Massaroni, C.,
Gassino, R., Vallan, A., Perrone, G., Saccomandi, P., Arturo Caponero, M.,
Palumbo, G., Campopiano, S., ladicicco, A., & Tosi, D. (2018). Detection of thermal
gradients through fiber-optic Chirped Fiber Bragg Grating (CFBG): Medical thermal
ablation scenario. Optical Fiber Technology, 41, 48-55.
https://doi.org/10.1016/J.YOFTE.2017.12.017

Leone, M. (2022). Advances in fiber optic sensors for soil moisture monitoring: A review.
Results in Optics, 7, 100213. https://doi.org/10.1016/J.R10.2022.100213

Li, C. Y., Chang, C. H., & Lin, Z. G. (2021). Single-Line Bidirectional Optical Add/Drop
Multiplexer for Ring Topology Optical Fiber Networks. Sensors 2021, Vol. 21, Page
2641, 21(8), 2641. https://doi.org/10.3390/S21082641

Li, W., Miao, Y., Fei, C., Zhang, H., Li, B., & Zhang, K. (2021). Enhanced photothermal
signal detection by graphene oxide integrated long period fiber grating for on-site
quantification of sodium copper chlorophyllin. Analyst, 146(11), 3617-3622.
https://doi.org/10.1039/D1AN00444A

Li, X., Chen, N., Zhou, X., Zhang, Y., Zhao, Y., Nguyen, L. V., Ebendorff-Heidepriem, H.,
& Warren-Smith, S. C. (2022). In-situ DNA detection with an interferometric-type
optical sensor based on tapered exposed core microstructured optical fiber. Sensors
and Actuators B: Chemical, 351, 130942.
https://doi.org/10.1016/J.SNB.2021.130942

Li, X., Liu, J., Zou, Z., & Zhan, L. (2021). Tunable microwave photonic filters based on
double-sideband modulation and linear chirped fibre Bragg gratings. Journal of
Modern Optics, 68(12), 641-646. https://doi.org/10.1080/09500340.2021.1939182

Liu, S. P., Shi, B., Gu, K., Zhang, C. C., He, J. H., Wu, J. H., & Wei, G. Q. (2021). Fiber-
optic wireless sensor network using ultra-weak fiber Bragg gratings for vertical
subsurface deformation monitoring. Natural Hazards 2021 109:3, 109(3), 2557—
2573. https://doi.org/10.1007/S11069-021-04932-1

(@ SCIENTIA
S("fN"ﬂ E-ISSN: 2710-7647
@ Journal of Basic Science and Technology

Scientia 2022, 32(2). www.revistasvip.up.ac.pa/index.php/scientia

119


https://doi.org/10.3390/s20071921
http://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-222d122b-acb5-4779-a299-2f44b5426449
http://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-222d122b-acb5-4779-a299-2f44b5426449
https://doi.org/10.1016/J.YOFTE.2017.12.017
https://doi.org/10.1016/J.RIO.2022.100213
https://doi.org/10.3390/S21082641
https://doi.org/10.1039/D1AN00444A
https://doi.org/10.1016/J.SNB.2021.130942
https://doi.org/10.1080/09500340.2021.1939182

(SIBST)

Lu, T., Sun, Y., Moreno, Y., Sun, Q., Zhou, K., Wang, H., Yan, Z., Liu, D., & Zhang, L.
(2019). Excessively tilted fiber grating-based vector magnetometer. Optics Letters,
Vol. 44, Issue 10, Pp. 2494-2497, 44(10), 2494-2497.
https://doi.org/10.1364/0L.44.002494

Ma, Z., & Chen, X. (2018). Fiber Bragg Gratings Sensors for Aircraft Wing Shape
Measurement: Recent Applications and Technical Analysis. Sensors 2019, Vol. 19,
Page 55, 19(1), 55. https://doi.org/10.3390/S19010055

Miao, Y., Liu, B., & Zhao, Q. (2009). Refractive index sensor based on measuring the
transmission power of tilted fiber Bragg grating. Optical Fiber Technology, 15, 233—
236. https://doi.org/10.1016/].yofte.2008.11.002

Min, R., Liu, Z., Pereira, L., Yang, C., Sui, Q., & Marques, C. (2021). Optical fiber sensing
for marine environment and marine structural health monitoring: A review. Optics &
Laser Technology, 140, 107082.
https://doi.org/10.1016/J.O0PTLASTEC.2021.107082

Min, R., Marques, C., Bang, O., & Ortega, B. (2018). Moiré phase-shifted fiber Bragg
gratings in polymer optical fibers. Optical Fiber Technology, 41, 78-81.
https://doi.org/10.1016/J.YOFTE.2018.01.003

Moreno, Y., Song, Q., Xing, Z., Lu, T., Qin, H., Sun, Y., Zhou, W., Zhang, W., Yan, Z.,
Sun, Q., & Liu, D. (2019). Hybrid Polarizing Grating and TFBG based SPR Refractive
Index Sensor. 2019 18th International Conference on Optical Communications and
Networks (ICOCN), 1-3. https://doi.org/10.1109/ICOCN.2019.8934375

Moreno, Y., Song, Q., Xing, Z., Sun, Y., & Yan, Z. (2020). Hybrid tilted fiber gratings-
based surface plasmon resonance sensor and its application for hemoglobin
detection. Chinese Optics Letters, 18(10), 100601.
https://doi.org/10.3788/COL202018.100601

Ni, J., Wang, C., Shang, Y., Zhang, X., & Zhao, Y. (2018). Distributed fiber-optic acoustic
sensing for petroleum geology exploration. Journal of Physics: Conference Series,
1065(25), 252029. https://doi.org/10.1088/1742-6596/1065/25/252029

Nicola, M., Nicola, C.-l., Sacerdotianu, D., Hurezeanu, |., & Duta, M. (2018). Monitoring
System for Power Transformer Windings Hot Spot Temperature Using Fiber Optic
Sensors, Kalman Filter and Integration in SCADA System. American Journal of
Signal Processing, 8(2), 33-44.
http://article.sapub.org/10.5923.].a|sp.20180802.02.html

Pang, B., Gu, Z,, Ling, Q., Wu, W., & Zhou, Y. (2020). Simultaneous measurement of
temperature and surrounding refractive index by superimposed coated long period

(@ SCIENTIA
S("fN"ﬂ E-ISSN: 2710-7647
@ Journal of Basic Science and Technology

Scientia 2022, 32(2). www.revistasvip.up.ac.pa/index.php/scientia

120


https://doi.org/10.1364/OL.44.002494
https://doi.org/10.3390/S19010055
https://doi.org/10.1016/j.yofte.2008.11.002
https://doi.org/10.1016/J.OPTLASTEC.2021.107082
https://doi.org/10.1016/J.YOFTE.2018.01.003
https://doi.org/10.1109/ICOCN.2019.8934375
https://doi.org/10.3788/COL202018.100601
https://doi.org/10.1088/1742-6596/1065/25/252029
http://article.sapub.org/10.5923.j.ajsp.20180802.02.html

(SIBST)

fiber grating and fiber Bragg grating sensor based on mode barrier region. Optik,
220, 165136. https://doi.org/10.1016/J.1JLEO.2020.165136

Pei, Y., Liao, T., Pei, Y., Xu, J., Lin, H., & Ning, T. (2018). FBG Strain Sensor Applied in
Harsh Environment of Aerospace. 2018 IEEE 3rd Optoelectronics Global
Conference (OGC), 81-84. hitps://doi.org/10.1109/0GC.2018.8529994

Pradhan, H. S., & Vasimalla, Y. (2022). High-performance fiber-optic-based SPR sensor
for DNA hybridization using black phosphorus-tungsten disulfide hybrid structure.
JOSA B, Vol. 39, Issue 1, Pp. 324-331, 39(1), 324-331.
https://doi.org/10.1364/JOSAB.445209

Prata, D., Carvalho, A., Costa, F. M., Marques, C., & Leitao, C. (2021). Unobtrusive
monitoring of the respiratory rate in an office desk chair with FBG sensors. 2021
IEEE International Workshop on Metrology for Industry 4.0 and loT, Metrolnd 4.0
and loT 2021 - Proceedings, 177-181.
https://doi.org/10.1109/METROINDA4.010T51437.2021.9488528

Qin, H., He, Q., Xing, Z., Guo, X., Sun, Q., Zhou, K., Liu, D., Zhang, L., & Yan, Z. (2019).
High Resolution Polarization-related Fiber Optic Spectrometer based on In-fiber
Diffraction Grating. OECC/PSC 2019 - 24th OptoElectronics and Communications
Conference/International Conference Photonics in Switching and Computing 2019.
https://doi.org/10.23919/PS.2019.8817864

Shao, L.-Y., Laronche, A., Smietana, M., Mikulic, P., Bock, W. J., & Albert, J. (2010).
Highly sensitive bend sensor with hybrid long-period and tilted fiber Bragg grating.
Optical Communications, 283, 2690-2694.
https://doi.org/10.1016/j.0ptcom.2010.03.013

Stawomir, C., Damian, H., & Piotr, K. (2018). Novel twist measurement method based on
TFBG and fully optical ratiometric interrogation. Sensors and Actuators A: Physical,
272, 18-22. https://doi.org/10.1016/j.sna.2018.01.048

Sliti, M., & Boudriga, N. (2021). Bridge Structural Health Monitoring using an FBG-based
Architecture. Midwest Symposium on Circuits and Systems, 2021-August, 621—-625.
https://doi.org/10.1109/MWSCAS47672.2021.9531805

Sun, Q., Yan, Z,, Liu, D., & Zhang, L. (2019). Optical Fiber Sensor Network and Industrial
Applications. Handbook of Optical Fibers, 1-46. https://doi.org/10.1007/978-981-10-
1477-2_20-1

Sun, Z., Yan, Z., Mou, C., Wang, X., Li, J., & Zhang, L. (2014). All-fiber loading sensor
based on 45° and 81° tilted fiber gratings. Proceedings SPIE, 23rd International

(@ SCIENTIA
S("fN"ﬂ E-ISSN: 2710-7647
@ Journal of Basic Science and Technology

Scientia 2022, 32(2). www.revistasvip.up.ac.pa/index.php/scientia

121


https://doi.org/10.1016/J.IJLEO.2020.165136
https://doi.org/10.1109/OGC.2018.8529994
https://doi.org/10.1364/JOSAB.445209
https://doi.org/10.1109/METROIND4.0IOT51437.2021.9488528
https://doi.org/10.23919/PS.2019.8817864
https://doi.org/10.1016/j.optcom.2010.03.013
https://doi.org/10.1016/j.sna.2018.01.048
https://doi.org/10.1109/MWSCAS47672.2021.9531805
https://doi.org/10.1007/978-981-10-1477-2_20-1
https://doi.org/10.1007/978-981-10-1477-2_20-1

(SIBST)

Conference on Optical Fibre Sensors, 9157, 1101-1104.
https://doi.org/10.1117/12.2059096

Tosi, D. (2018). Review of Chirped Fiber Bragg Grating (CFBG) Fiber-Optic Sensors and
Their Applications. Sensors 2018, Vol. 18, Page 2147, 18(7), 2147.
https://doi.org/10.3390/S18072147

Vasconcelos, H., Almeida, J. M. M. M., Saraiva, C., Viveiros, D., Jorge, P. A. S., &
Coelho, L. (2020). Preliminary assessment on the detection of putrescine using long
period fiber gratings coated with titanium dioxide and poly(ethylene-co-vinyl
acetate). Proceedings SPIE, Optical Sensing and Detection VI, 11354, 51-56.
https://doi.org/10.1117/12.2555397

Vorathin, E., Hafizi, Z. M., Ismail, N., & Loman, M. (2020). Review of high sensitivity fibre-
optic pressure sensors for low pressure sensing. Optics & Laser Technology, 121,
105841. https://doi.org/10.1016/J.O0PTLASTEC.2019.105841

Waldman, H. (2019). The Impending Optical Network Capacity Crunch. 2018 SBFoton
International Optics and Photonics Conference, SBFoton [IOPC 2018.
https://doi.org/10.1109/SBFOTON-IOPC.2018.8610949

Wang, P., Zhang, S., Liu, Z., Huang, Y., Huang, J., Huang, X., Chen, J., Fang, B., &
Peng, D. (2022). Smart laparoscopic grasper integrated with fiber Bragg grating
based tactile sensor for real-time force feedback. Journal of Biophotonics,
€202100331. https://doi.org/10.1002/JB10.202100331

Wang, T., Liu, K., Jiang, J., Xue, M., Chang, P., & Liu, T. (2017). Temperature-insensitive
refractive index sensor based on tilted moiré FBG with high resolution. Optics
Express, 25(13), 14900-14909. https://doi.org/10.1364/0E.25.014900

Wentao, Z., Wenzhu, H., Fang, L., Wentao, Z., Wenzhu, H., & Fang, L. (2018). High-
resolution fiber Bragg grating sensor and its applications of geophysical exploration,
seismic observation and marine engineering. Opto-Electronic Engineering, 45(9),
170615-1. https://doi.org/10.12086/OEE.2018.170615

Werneck, M. M., Allil, R. C. S. B., Ribeiro, B. A., & Nazaré, F. V. B. de. (2013). A Guide
to Fiber Bragg Grating Sensors. Current Trends in Short- and Long-Period Fiber
Gratings. https://doi.org/10.5772/54682

Westbrook, P. S., Strasser, T. A., & Erdogan, T. (2000). In-Line Polarimeter Using Blazed
Fiber Gratings. IEEE Photonics Technology Letters, 12(10), 1352-1354.
https://doi.org/10.1109/68.883827

(@ SCIENTIA
S("fN"ﬂ E-ISSN: 2710-7647
@ Journal of Basic Science and Technology

Scientia 2022, 32(2). www.revistasvip.up.ac.pa/index.php/scientia

122


https://doi.org/10.1117/12.2059096
https://doi.org/10.3390/S18072147
https://doi.org/10.1117/12.2555397
https://doi.org/10.1016/J.OPTLASTEC.2019.105841
https://doi.org/10.1109/SBFOTON-IOPC.2018.8610949
https://doi.org/10.1002/JBIO.202100331
https://doi.org/10.1364/OE.25.014900
https://doi.org/10.12086/OEE.2018.170615
https://doi.org/10.5772/54682
https://doi.org/10.1109/68.883827

(SIBST)

Xu, B., Xu, B., He, J., He, J., Du, B., Du, B., Xiao, X., Xiao, X., Xu, X., Xu, X., Fu, C., Fu,
C., He, J., He, J., Liao, C,, Liao, C., Wang, Y., & Wang, Y. (2021). Femtosecond
laser point-by-point inscription of an ultra-weak fiber Bragg grating array for
distributed high-temperature sensing. Optics Express, 29(20), 32615-32626.
https://doi.org/10.1364/0OE.437479

Xu, Y., Luo, B., Shi, S., Wang, Y., Zou, X., Lu, J., Tang, P., & Zhao, M. (2017). Research
on the refractive index sensitivity of Ex-TFG sensor modified with 20 nm gold
nanoparticles. ICOCN 2017 - 16th International Conference on Optical
Communications and Networks, 2017-January, 1-2.
https://doi.org/10.1109/ICOCN.2017.8121351

Yan, Z., Adebayo, A., Zhou, K., Zhang, L., & Webb, D. (2011). All-fibre twist sensor
system based on 45° and 81° tilted fibre gratings. Proceedings SPIE, 21st
International Conference on Optical Fiber Sensors, 7753, 1236-1239.
https://doi.org/10.1117/12.884845

Yan, Z., Zhou, K., & Zhang, L. (2012). In-fiber linear polarizer based on UV-inscribed 45°
tilted grating in polarization maintaining fiber. Optics Letters, 37(18), 3819-3821.

Yd, C., Cw, W., & Cc, C. (2017). Tilted Fiber Bragg Grating Sensor with Graphene Oxide
Coating for Humidity Sensing. Sensors (Basel, Switzerland), 17(9).
https://doi.org/10.3390/s17092129

Ye, X.,, Ni, Y., & Yin, J. (2013). Safety monitoring of railway tunnel construction using
FBG sensing technology. Advances in Structural Engineering, 16(8), 1401-1409.
https://doi.org/10.1260/1369-4332.16.8.1401

Yuezhen, S., Zhijun, Y., Kaiming, Z., Binbin, L., Bigiang, J., Chengbo, M., Qizhen, S., &
Lin, Z. (2021). Excessively Tilted Fiber Grating Sensors. Journal of Lightwave
Technology, Vol. 39, Issue 12, Pp. 3761-3770, 39(12), 3761-3770.
https://doi.org/10.1364/JLT.39.003761

Yuksel, K., Kinet, D., Moeyaert, V., Kouroussis, G., & Caucheteur, C. (2018). Railway
monitoring system using optical fiber grating accelerometers. Smart Materials and
Structures, 27(10), 105033. https://doi.org/10.1088/1361-665X/AADB62

Zakaria, R., Zainuddin, N., Leong, T., Rosli, R., Rusdi, M., Harun, S., & Amiri, I. S. (2019).
Investigation of Surface Plasmon Resonance (SPR) in MoS2- and WS2-Protected
Titanium Side-Polished Optical Fiber as a Humidity Sensor. Micromachines, 10(7),
465. https://doi.org/10.3390/mi10070465

(@ SCIENTIA
S("fN"ﬂ E-ISSN: 2710-7647
@ Journal of Basic Science and Technology

Scientia 2022, 32(2). www.revistasvip.up.ac.pa/index.php/scientia

123


https://doi.org/10.1364/OE.437479
https://doi.org/10.1109/ICOCN.2017.8121351
https://doi.org/10.1117/12.884845
https://doi.org/10.3390/s17092129
https://doi.org/10.1260/1369-4332.16.8.1401
https://doi.org/10.1364/JLT.39.003761
https://doi.org/10.1088/1361-665X/AADB62
https://doi.org/10.3390/mi10070465

(@ SCIENTIA
KIENTIn E-ISSN: 2710-7647
@ Journal of Basic Science and Technology

(SIBST)

Zhou, W., Ran, Y., Yan, Z., Sun, Q., Liu, C., & Liu, D. (2020). Sensitivity characterization
of cascaded long-period gratings operating near the phase-matching turning point.
Sensors (Switzerland), 20(21), 1-10. https://doi.org/10.3390/S20215978

Scientia 2022, 32(2). www.revistasvip.up.ac.pa/index.php/scientia



