
Missouri University of Science and Technology Missouri University of Science and Technology 

Scholars' Mine Scholars' Mine 

Electrical and Computer Engineering Faculty 
Research & Creative Works Electrical and Computer Engineering 

01 Dec 2021 

Temperature And Strain Sensing With Hybrid Interferometer Temperature And Strain Sensing With Hybrid Interferometer 

Lashari Ghulam Abbas 

Zhou Ai 

Farhan Mumtaz 
Missouri University of Science and Technology, mfmawan@mst.edu 

Atta Muhammad 

et. al. For a complete list of authors, see https://scholarsmine.mst.edu/ele_comeng_facwork/5062 

Follow this and additional works at: https://scholarsmine.mst.edu/ele_comeng_facwork 

 Part of the Electrical and Computer Engineering Commons 

Recommended Citation Recommended Citation 
L. G. Abbas et al., "Temperature And Strain Sensing With Hybrid Interferometer," IEEE Sensors Journal, vol. 
21, no. 23, pp. 26785 - 26792, Institute of Electrical and Electronics Engineers, Dec 2021. 
The definitive version is available at https://doi.org/10.1109/JSEN.2021.3120798 

This Article - Journal is brought to you for free and open access by Scholars' Mine. It has been accepted for 
inclusion in Electrical and Computer Engineering Faculty Research & Creative Works by an authorized administrator 
of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including reproduction for 
redistribution requires the permission of the copyright holder. For more information, please contact 
scholarsmine@mst.edu. 

http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/ele_comeng_facwork
https://scholarsmine.mst.edu/ele_comeng_facwork
https://scholarsmine.mst.edu/ele_comeng
https://scholarsmine.mst.edu/ele_comeng_facwork/5062
https://scholarsmine.mst.edu/ele_comeng_facwork?utm_source=scholarsmine.mst.edu%2Fele_comeng_facwork%2F5062&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/266?utm_source=scholarsmine.mst.edu%2Fele_comeng_facwork%2F5062&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1109/JSEN.2021.3120798
mailto:scholarsmine@mst.edu


IEEE SENSORS JOURNAL, VOL. 21, NO. 23, DECEMBER 1, 2021 26785

Temperature and Strain Sensing With Hybrid
Interferometer

Lashari Ghulam Abbas , Zhou Ai , Farhan Mumtaz , Atta Muhammad, Yutang Dai ,
and Rashda Parveen

Abstract—A hybrid interferometer for simultaneous mea-
surement of strain and temperature is proposed and inves-
tigated experimentally. This hybrid design is composed of
Fabry-Perot interferometer (FPI) and Michelson Interferometer
(MI) cascaded with each other. It is developed by fusion
splicing a single mode fiber (SMF), a multimode fiber (MMF),
a dual side hole fiber (DSHF), a hollow core fiber (HCF) and a
tapered-SMF. The tapered SMF was inserted into the HCF to
form a reflection mirror for the FPI. The maximum temperature
and strain sensitivity of the hybrid interferometer achieved
through experiments is 11.6 pm/◦C and 6.8 pm/με, respec-
tively. The different sensitivities of FPI and MI to temperature
and strain enable us to achieve simultaneous measurement.
The proposed hybrid interferometer sensor has many attractive features such as, novel design, low cost, easy fabrication,
compact size, and good sensitivity. Therefore, the proposed hybrid sensor could be widely deployed in plenty of
applications, for instance, structural health monitoring, civil engineering, food manufacturing, chemical and medical
fields.

Index Terms— Hybrid interferometer, strain sensor, dual side hole fiber.

I. INTRODUCTION

OPTICAL fiber sensors are extensively deployed in sev-
eral disciplines such as, biomedical [1], food process-

ing [2], chemical [3], smart textiles [4], civil [5], marine
structures monitoring [6], and aerospace [7], due to their resis-
tance to electromagnetic interference, low cost, fast response,
compact size, light weight, and high stability in harsh envi-
ronments.

Manuscript received October 8, 2021; accepted October 12, 2021.
Date of publication October 15, 2021; date of current version
November 30, 2021. The associate editor coordinating the review of
this article and approving it for publication was Prof. Carlos Marques.
(Corresponding author: Lashari Ghulam Abbas.)

Lashari Ghulam Abbas is with the National Engineering Laboratory
for Fiber Optic Sensing Technology, Wuhan University of Technol-
ogy, Wuhan 430070, China, and also with the Electrical Engineering
Department, Sukkur IBA University, Sukkur 65200, Pakistan (e-mail:
ghulamscut@gmail.com).

Zhou Ai and Yutang Dai are with the National Engineering Lab-
oratory for Fiber Optic Sensing Technology, Wuhan University of
Technology, Wuhan 430070, China (e-mail: zhouaipost@hotmail.com;
daiyt6688@whut.edu.cn).

Farhan Mumtaz is with the National Engineering Laboratory for
Fiber Optic Sensing Technology, Wuhan University of Technology,
Wuhan 430070, China, and also with the Communications Laboratory,
Department of Electronics, Quaid-i-Azam University, Islamabad 45320,
Pakistan (e-mail: mfmawan@whut.edu.cn).

Atta Muhammad is with the Telecommunication Engineering Depart-
ment, Quaid-e-Awam University of Engineering, Science and Technol-
ogy, Nawabshah 67480, Pakistan (e-mail: attapanhyar@quest.edu.pk).

Rashda Parveen is with the Communications Laboratory, Department
of Electronics, Quaid-i-Azam University, Islamabad 45320, Pakistan
(e-mail: rashda@ele.qau.edu.pk).

Digital Object Identifier 10.1109/JSEN.2021.3120798

Recently, many types of fiber optic sensors are developed
using several methods for multiparameter sensing applications
for example, long-period fiber grating (LPFG) [8]–[10], fiber
Brag grating (FBG) [11]–[15], using CO2 and femtosecond
laser. However, sensors based on gratings are fundamentally
susceptible to cross-sensitivity issues and require most expen-
sive equipment for manufacturing. Various interferometers
have been used for measuring more than one physical para-
meters such as, Optical fiber modal interferometers [16]–[18],
Michelson interferometers (MI) [19]–[21], hybrid interferom-
eters (MZI, MI and FPI) [22]–[25]. Mach–Zehnder inter-
ferometers (MZI) [26]–[29], and Fabry–Perot interferometers
(FPI) [30]–[33]. Measurement of one physical parameter in the
presence of another using fiber optics sensors is a challenging
task such as, measuring strain in the presence of temperature
can introduce some cross-sensitivity issues. To diminish the
effect of cross-sensitivity, several configurations have been
developed to measure two or more than two physical para-
meters, simultaneously. Frazao et al, used a hybrid structure
with FPI and MI interferometers for measurement of strain
and temperature [34]. Hao et al, developed a hybrid structure,
which consists of FPI and MI for measuring refractive index
and temperature, simultaneously [31]. Zhou et al, developed a
hybrid structure consists of cascaded fabry-perot interferome-
ters for measuring temperature and strain, simultaneously [23].
Zhu et al, developed a hybrid structure for measuring trans-
verse load and temperature simultaneously [22]. Najari et al,
developed a hybrid structure based on MZI for measuring
strain and temperature simultaneously [29]. Ni et al, developed
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Fig. 1. Schematic diagram of the hybrid sensor.

a hybrid structure based on MZI for measuring refractive index
and temperature simultaneously [26]. Therefore, taking in view
the requirements of the modern industry, it is necessary to
design and manufacture a novel sensor for measuring tem-
perature and strain, simultaneously. The novel sensor should
be highly sensitive, compact, inexpensive, and easy to repro-
duce using simple steps. In this article, we have proposed a
hybrid interferometer for measuring the temperature and strain,
simultaneously. It is manufactured by cascading Fabry-Perot
interferometer with Michelson interferometer. FPI is composed
of air-cavity, which is sensitive to axial strain and insensitive
to temperature, while the MI consists of silica cavity, which
is sensitive to temperature and insensitive to axial strain.
Therefore, such a hybrid interferometric structure is viable
for simultaneous measurement of temperature and strain. The
main features of the proposed hybrid interferometric sensor
are its novel design, compact size, low cross-sensitivity, cost-
effective manufacturing, good sensitivity and ability to mea-
sure dual parameters simultaneously. Therefore, the proposed
sensor could be widely deployed in numerous fields of science
and engineering.

The remaining part of this manuscript consists of the
following sections. Part II defines the fabrication procedure
and the working principle of the hybrid interferometer. In
Part III, the results for strain and temperature are discussed
in detail. Lastly, the Part IV concludes the whole work of the
article.

II. FABRICATION PROCEDURE AND WORKING PRINCIPLE

Now-a-days, simultaneous measurement of more than one
parameters is the widely researched aspect in optical fiber
sensing. Many researchers used hybrid structures based on
interferometers [23], FBG [13], and LPFG [8] for the mea-
surement of multi-parameters. There is need of such type of
sensors that might be useful in simultaneous measurement
of two or more physical parameters. Simultaneous measure-
ment of strain and temperature has applications in civil engi-
neering, aerospace and many other related fields. Therefore,
we designed and fabricated the proposed structure to meet the
current industrial requirements.

The novel hybrid interferometer is schematically presented
in Fig. 1. Its structure involves tapered-SMF, HCF, DSHF,
MMF and SMF. The tapered-SMF with waist diameter of

Fig. 2. Fabrication stages of the hybrid sensor.

about 60 μm has been put into the HCF to form FPI cavity.
The HCF has the core and the cladding diameter of 62 μm and
125 μm, respectively. The DSHF consists of a cladding, two
side air holes, and an elliptical central silica core. The diameter
of the cladding and each of the two air holes is 125 μm and
40 μm, respectively. The diameter of the central silica core
at the major and the minor axis is 11.4 μm and 8.7 μm,
respectively. MMF has the core and the cladding diameter
of 8.2 μm and 125 μm, respectively. The diameter of the
core and the cladding of the SMF is 8.2 μm and 125 μm,
respectively.

Length of each fiber for sample S1 is displayed in Fig.2,
and the taper waist, length of the HCF and DSHF for sample
S1 and S2 are given in Table I. In order to get the accurate
length, we made several samples with different lengths and the
samples with better results were included in the manuscript.
Fiber cleaver with the electronic microscope was used to cut
each fiber close to the required length. After fusion splicing,
we measured the length with 0.01μm accuracy using a soft-
ware associated with the microscope (LT/UPR203i) as shown
in Fig.2. The production procedure of the proposed sensor
involves cleaving, fusion splicing and tapering techniques.

The production of the hybrid interferometer involves the
following steps. Initially, the high precision cleaver was used
to cleave all the fibers including SMF, MMF, DSHF and
HCF, as shown in Fig. 2(a). Secondly, a piece of SMF was
subjected to a tapering machine (Kaipule Co. Ltd. AFBT-
8000MX-H) in order to obtain the one end taper of SMF
using a hydrogen-oxygen flame. The software associated with
the tapering machine was utilized to control the amount of
hydrogen-oxygen flame required for the SMF tapering and the
pulling speed of the stepper motors. SMF fiber was fixed over
the tapering platform, which is operated by two stepper motors
from each side. The center of the SMF was heated by the flame
of hydrogen-oxygen gas. In the meantime, the SMF was pulled
by two stepper motors at fixed speed as the pulling speed
contributes a lot to get the different diameters of the fiber.
For verification of the tapered-SMF diameter, it was observed
under the microscope. The tapering process was continued
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TABLE I
GEOMETRIC PARAMETERS OF HYBRID INTERFEROMETER

until the taper waist diameter was reduced to ∼60 μm. The
diameter of the fiber on the outer edge was kept thicker to get
maximum reflection.

Thirdly, the cleaved SMF, MMF, DSHF and the HCF were
spliced together in a cascaded manner using the polarization
maintaining fusion splicer (FSM-40PM). So as to fusion splice
all fibers firmly and to avoid the collapsing of the HCF, DSHF,
and tapered-SMF, different values of the discharge current and
discharge time were carefully chosen. Table II, describes the
splicing parameters for the hybrid interferometer.

Fourthly, after cleaving the tapered SMF, it was inserted into
the HCF to get the FPI cavity. The taper insertion process was
carried out using the Fusion Splicing machine and the reflec-
tion spectrum was monitored using OSA in order to get the
suitable length of the FPI cavity. The insertion of the tapered
SMF into the HCF was stopped, when the required cavity
length was achieved. Then, both fibers were fusion spliced
using manual splicing program to obtain the proper sealed
FPI cavity, as shown in Fig 2(b). The microscopic view of
the proposed interferometer is presented in Fig 2(c). This
image was captured with the microscope (LT/UPR203i), which
has built-in camera known as the charged coupled device
(CCD). The captured image can be easily transferred to PC for
further analysis. It can be seen from the image that the fusion
spliced connection is robust and offer better durability to the
hybrid design. As a result, the design seems more firm and
durable in comparison to the offset spliced structures [33].
The micrograph of the DSHF cross-section is presented in
Fig 2(d).

The propagation of the optical beams in the newly designed
hybrid interferometer is shown in Fig. 1. There are mainly
three light beams I1, I2, and I3 propagating in the hybrid
structure. The incoming light beam entered into the MMF
after passing through the SMF. This light beam was distributed
into multiple light beams after entering into the MMF. One
light signal I1 returned back from the junction between the
MMF and the air holes of the DSHF, but the remaining
light successfully propagated through the silica and the air
paths of the DSHF. Further, the beams passing through DSHF
propagated through HCF but the beam I2 transmitting through
the silica core of the DSHF returned back from the interface
between DSHF and HCF. Consequently, these two light signals
I1 and I2 interfered with each other and formed the Michelson
interferometer. Similarly, the beam I3 returned back from the
junction between the SMF (Taper) and the HCF, also mixed
with the beam I2. Thus, the interference of the two beams
I2, and I3 formed the Fabry-Perot Interferometer. The light
beams propagating through the two side air holes of the DSHF

TABLE II
SPLICING PARAMETERS OF HYBRID INTERFEROMETER

were not discussed because, not only its energy is less than
that passing through the silica part of the DSHF, but also its
propagation loss is higher than that in the silica part. When
the light beams I1, I2, and I3 are mixed and the resultant
interference signal becomes the superposition of the FPI and
MI interference.

The light intensities of the MI (I1, I2) and FPI (I2, I3) can
be written as

IM I = I1 + I2 + 2
√

I1.I2 cos(ζ1) (1)

IF P I = I2 + I3 + 2
√

I2.I3 cos(ζ2) (2)

where ζ1 and ζ2 represent the phase difference of Michel-
son and Fabry-Perot Interferometers, respectively. It can be
defined as, ζ1 = 4πn1 L DS H F/λ1, and ζ2= 4πn2 L F P/λ2,
where L DS H F represents the length of the silica cavity and
the L F P denotes the length of the air cavity, n1 represents
the refractive index of the silica core of the DSHF, core
of the SMF and the core of the MMF. n2 denotes the
refractive index of the air core of the HCF and the side air
holes of the DSHF, λ denotes the source wavelength. As the
phase difference meets the following condition, the resonant
dips will appear at the wavelength λM I = 2n1 L DS H F/p and
λF P= 2n1 L F P/q, where p.q = 0,1,2 . . .. The Free Spectral
Range (FSR) for the MI and the FPI, can be expressed as,
FSRM I = λ2/2(n1L DS H F) and FSRF P = λ2/2(n2 L F P).
The change in the length of HCF is directly proportional to
the change in the length of FP cavity. Because the force is
exerted at the junction between the HCF and the tapered SMF.
Therefore, �L HC F = �L F P .

The longitudinal strain is applied on the total length L

L = LS M + L DS H F + L HC F + Ltaper (3)

where LS M , L DS H F,L HC F , Ltaper , are the lengths of SMF-
MMF, DSHF, HCF, and tapered SMF, respectively. Therefore,
the relationship of the applied strain is expressed as,

εS M E AS M = εDS H F E ADS H F = εHC F E AHC F

= εtaper E Ataper (4)

where E is the young modulus of the material,
AS M, ADS H F,AHC F , Ataper are the cross-sectional areas of
the SMF-MMF, DSHF, HCF, and tapered SMF, respectively.
εS M, εDS H F,εHC F , εtaper are the longitudinal strain of the
SMF-MMF, DSHF, HCF, and tapered SMF, respectively.

εS M = �LS M

LS M
, εDS H F = �L DS H F

L DS H F
, εHC F = �L HC F

L HC F
,

εtaper = �Ltaper

Ltaper
(5)
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Fig. 3. Temperature measurement setup for Hybrid sensor.

The total longitudinal strain is given by

εL = �LS M + �L DS H F + �L HC F + �Ltaper

LS M + L DS H F + L HC F + Ltaper
(6)

Relationship between εL and εDS H F is given as,

εDS H F

= LS M + L DS H F + L HC F + Ltaper

LS M
ADS H F

ASM
+ L DS H F + L HC F

ADS H F
AHCF

+ Ltaper
AHCF
Ataper

.εL

(7)

Similarly, the relationship between εL and εHC F is given
as,

εHC F

= LS M + L DS H F + L HC F + Ltaper

LS M
AHCF
ASM

+ L DS H F
AHCF

ADS H F
+ L HC F + Ltaper

AHCF
Ataper

.εL

(8)

The relationship between change in wavelength due to axial
strain for air cavity and silica cavity is given as,

SF P(ε) = �λF P = λF PεHC F (9)

SM I (ε) = �λM I = λM I εDS H F (10)

The temperature sensitivities of the air cavity and the silica
cavity is given as,

SF P(T ) = �λF P = λF P(
1

n2
.
�n2

T
+ 1

L F P
.
�L F P

T
)�T

= λF P(αair + ξair )�T (11)

SM I (T ) = �λM I = λM I (
1

n1
.
�n1

T
+ 1

L DS H F
.
�L DS H F

T
)�T

= λM I (αsi + ξsi )�T (12)

where ξsiαsi , αair,ξair represent the thermos-optic coeffi-
cient and thermal expansion coefficient of the silica and air,
respectively.

Fig. 4. Strain measurement setup for Hybrid sensor.

III. EXPERIMENTAL RESULTS

The experimental apparatus used to measure temperature
and strain is shown in Fig. 3. and Fig. 4., respectively. In the
hybrid interferometer, the light was input through a broadband
light source with an operating wavelength of 1500 nm. The
reflected light signals were collected by an optical coupler.
An Optical Spectrum Analyzer (OSA) with the wavelength
resolution of 0.1 nm was used to monitor the reflection
spectrum of the sensor.

Two samples of the hybrid interferometer with different
lengths of FPI (air cavity) and MI (silica cavity) were manufac-
tured and their temperature response was investigated through
experiments. In order to achieve the unique FSR, the DSHF,
and HCF lengths were set slightly different. We formulated
FSRM I = λ2/2(n1 L DS H F) and FSRF P = λ2/2(n2 L F P) to
calculate the FSR of the two interferometers and then these
equations were used to obtain the proper lengths of the DSHF
and HCF. Several samples of the proposed hybrid sensor
were developed and the lengths of all the fibers were chosen
different in order to reduce the fabrication errors and to obtain
the optimized length of each fiber. Figure 5(a), (b), and (c),
illustrate the reflection spectrum of the hybrid sensor, silica
cavity (MI), and air cavity (FPI), respectively. The measured
free spectral range (FSR) of the envelope of the proposed
sensor is 30 nm, which corresponds well with the theoretical
results.

In order to investigate the sensing characteristics of the
hybrid interferometer, the experimental system illustrated in
Fig. 3, was used. To observe the temperature response of
the proposed hybrid sensor, it was put into a thermoelectric
box with a resolution of 0.1 ◦C. The thermometer lead was
also put in the thermoelectric box to record the temperature
change. The wavelength shift versus temperature of the hybrid
interferometer were obtained at temperature ranging 30 ◦C to
210◦C with a step of 20◦C, as shown in Fig. 6 and Fig. 7,
respectively. It can be seen that the temperature sensitivities
of both samples are similar for FPIs as well as for MIs in the
hybrid structure. The temperature sensitivities of two samples
of FPIs are 1.3 pm/◦C and 1.4 pm/◦C. The temperature
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Fig. 5. Spectrum of the (a) Hybrid Interferometer (b) Silica Cavity (MI)
(c) Air Cavity (FPI).

sensitivities of the two samples of MI are 10.5 pm/◦C and
11.6 pm/◦C, which approximate 8 times those of the FPIs,
and are comparable to single silica cavity-based sensors.

The same two samples of the hybrid interferometer with
different lengths of FPI (air cavity) and MI (silica cavity)
were also used for strain sensing and their strain response
was investigated through experiments. In order to achieve the
unique FSR, the DSHF, and HCF lengths were set slightly
different. We formulated FSRM I = λ2/2(n1 L DS H F) and
FSRF P = λ2/2(n2 L F P) to calculate the FSR of the two
interferometers and then these equations were used to obtain
the proper lengths of the DSHF and HCF. Numerous samples
of the proposed hybrid sensor were developed and the lengths
of all the fibers were chosen different in order to reduce the
fabrication errors and to obtain the optimized length of each
fiber.

To analyze the strain effect on the proposed hybrid sensor,
it was attached with strain application platform, which has
fixed and movable parts. The rotatable part comprises a
micrometer screw gauge, which was used to apply the lon-
gitudinal strain on the hybrid sensor with step of ∼33 pm/με.
The output spectra of the hybrid interferometer were recorded

Fig. 6. Linear fitting curve and reflection spectra(inset) of Michelson
Interferometer (S1 & S2) under different temperature values.

Fig. 7. Linear fitting curve and reflection spectra(inset) of Fabry-Perot
Interferometer (S1 & S2) under different temperature values.

at applied strain ranging from 0 με to 300 με with a step
of ∼33 με. The inset illustrates the structure of the proposed
hybrid sensor developed for strain sensing. The wavelength
shift versus strain of the MI and FPI were obtained at applied
axial strain ranging from 0 με to 300 με with a step of 33 με,
as shown in Fig. 8 and Fig. 9, respectively.

It shows that the strain sensitivities of both samples are
similar for FPIs as well as MIs. The axial strain sensitivity of
the two samples of MI is 1.1 pm/με and 1.3 pm/με. Whereas,
the axial strain sensitivity of the two samples of FPIs are
6.7 pm/με and 6.8 pm/με, which are 6 times higher than
the strain sensitivity of the MIs and single silica cavity-based
sensors.

Experimental results ensure that the proposed hybrid inter-
ferometer, which is manufactured by cascading FPI with MI
sensor can measure the temperature and strain, simultaneously.
Because, FPI is composed of air-cavity, which is sensitive to
axial strain and insensitive to temperature, whereas the MI
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Fig. 8. Linear fitting curve and reflection spectra(inset) of Fabry-Perot
Interferometer (S1 & S2) under different strain values.

Fig. 9. Linear fitting curve and reflection spectra(inset) of Michelson
Interferometer (S1 & S2) under different strain values.

consists of silica cavity, which is sensitive to temperature and
insensitive to axial strain. Therefore, such a hybrid interfero-
metric structure is applicable for measuring temperature and
strain, simultaneously. The reflection spectrum of the hybrid
interferometer shifts when subjected to temperature and strain.
The two interferometers, FPI and MI have different responses
to these physical parameters. The linear superposition of
the resultant wavelength can be seen when two quantities
are investigated, simultaneously. Therefore, the wavelength
changes of the two interferometers due to temperature and
strain can be mathematically described as

�λi = kT i�T + kεi�ε; i = F P, M I (13)

The coefficient matrix based on the above equation can be
written as[

�λF P

�λM I

]
=

[
KT ,F P Kε,F P

KT ,M I Kε,M I

] [
�ε
�T

]
(14)

where �T and �ε are the temperature and strain variations,
respectively. �λ̄F P and �λ̄M I denote the change in the wave-

TABLE III
SENSITIVITY COMPARISON OF HYBRID INTERFEROMETER

length of FPI and MI. KT and Kε are the sensitivities for
temperature and strain, respectively. By putting the sensitivity
values in the matrix,[

�λF P

�λM I

]
=

[
0.0116 0.0067
0.0014 0.0011

] [
�ε
�T

]
(15)

By computing the inverse of the above matrix from Eqs (15),
the coefficient matrix of the hybrid interferometer for simul-
taneous measurement can be calculated as[

�ε
�T

]
=

[
0.0879 0.0144
0.0184 0.1523

] [
�λF P

�λM I

]
(16)

The sensitivity matrix states that the proposed hybrid sensor
can measure the wavelength shift due to applied temperature
and strain, simultaneously.

We developed several samples of the proposed sensor during
the experiments, which proved the stability and reproducibil-
ity of the hybrid structure. The preparation of the hybrid
interferometer only involves simple steps of cleaving, fusion
splicing, and tapering, which also guarantees that fabrication
procedure of the sensor is not complicated and the sensor can
be reproduced easily. As for the performance of the hybrid
sensor is concerned, the proposed hybrid sensor performs
better than many sensors already reported in the literature,
as shown in Table III.

IV. CONCLUSION

In this paper, a hybrid interferometer is proposed and
investigated experimentally for measuring temperature and
strain, simultaneously. This hybrid design is composed of
Fabry-Perot interferometer (FPI) and Michelson Interferom-
eter (MI) cascaded with each other. It is developed by fusion
splicing, a single mode fiber (SMF), a multimode fiber (MMF),
a dual side hole fiber (DSHF), a hollow core fiber (HCF)
and a tapered-SMF. The tapered SMF was inserted into the
HCF to form a reflection mirror for the FPI. The maximum
temperature and strain sensitivity of the hybrid interferometer
achieved through experiments is 11.6 pm/oC and 6.8 pm/με,
respectively. The different sensitivities of FPI and MI to
temperature and strain enable us to achieve simultaneous
measurement. The proposed hybrid interferometer sensor has
many attractive features for instance, novel design, low cost,
easy fabrication, compact size, and good sensitivity. Therefore,
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the proposed hybrid sensor could be widely deployed in plenty
of applications, for instance, structural health monitoring,
civil engineering, food manufacturing, chemical and medical
fields.
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