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Abstract— Recent Technology and cost reductions has 

stimulated interest in fiber optical sensing. Trustworthy and 

precise measurements of temperature and strain in industries 

can be difficult to obtain using traditional sensing 

technologies based on electrical signals. Fiber optic sensors, 

which are based on light signals, solve many of the 

problems of monitoring structures in high temperature 

environments. In this paper I try to compare the different 
types of Fiber optic sensors for strain and temperature 

sensing. Here I study the two types of sensors. First one is 

Fibre Bragg Grating (FBGs) sensor and second one is 

Fabry–Perot interferometer (FPIs) sensor. This 

comprehensive review provides essential information for the 

materials industry in selecting of appropriate types of Fiber 

optical sensor in accordance with end user requirement. 
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I. INTRODUCTION 

Fiber optic technology has been very popular in the past few 

decades with its promising benefits. Due to its ability to 

carry gigabits of information at the speed of light, it 

increased the research potential in optical fibers. It has 

resulted in great economical benefits using of low cost 

optical sources and detectors in place of conventional 

devices for measuring various physical, chemical, and 

biological parameters. It is pure dielectric in nature by 
which it can be effortlessly used in many perilous areas 

where conventional sensors may not work effectively is one 

of the important reasons for the increased demand for fiber 

optic sensors. Another advantage, especially for remote 

sensing and telemetry applications is the fast response of 

fiber optic sensors which makes it possible to send large 

amount of sensing information over long distances via 

optical fibers. A typical fiber optic sensing system consists 

of a light source, fiber as a sensing element and a detector. 

Light is transmitted from a light source and passes through 

an optical fiber sensing probe, which senses change in the 
desired environmental parameter. The sensor modulates one 

or more characteristics of light viz, intensity, wavelength, 

amplitude or phase and then the modulated light is 

transmitted from the sensor to a signal processor, which in 

turn converts it into a signal for processing. Last revolution 

emerged as designers to combine the product out growths of 

fiber optic telecommunications with optoelectronic devices 

to create fiber optic sensors. Fiber optic sensors (FOSs) have 

many advantages such as immunity to electromagnetic 

interference (EMI), high strain sensitivity and high 

temperature resistance, small dimensions, geometric 

versatility, etc. Concurrent with rapid progress in the 
development of FOSs, the potential of wide applications and 

their use to measure various physical parameters has been 

reported. For the measurement of multiple parameters using 

a FOS, most research has been conducted to measure 

parameters such as strain and temperature.  

Here I have studied the measurement techniques of 

strain and temperature for Bragg-grating and Fabry-Perot 

sensor system. The paper provides a brief introduction of the 

basic concepts of fiber optic sensors and describes the two 

primary types of fiber optic sensors that have been applied 

in industrial applications. For each sensor type, the paper 
reviews the basic concept, fabrication, sensing principle and 

key remarks. While interesting studies on sapphire optical 

fibers have been conducted in recent years application of 

sapphire-based optical fibers remains rare. This review 

focuses on fiber optic sensor 

II. FIBER OPTIC SENSORS 

Fiber optic sensors function based on measuring the 
characteristics of light transmitted along an optical fiber. 

Changes in the fiber caused by external actions, for 

example, changes in the temperature or stress state of the 

fiber, resulting in variations in the transmitted light signal 

that can be calibrated to the measurand. Different fiber optic 

sensor types utilize different physical phenomena to 

modulate the transmitted light; which gives each sensor its 

characteristic performance. Optical fibers can be categorized 

into single-mode fibers (SMFs) and multi-mode fibers 

(MMFs) according to the number of waveguide modes in 

the fiber. Typically, SMFs consists of a fiber core (8 µm to 

10 µm in diameter), a cladding (≈125 µm in diameter), and 
one or more layers of protective coating, as illustrated in 

Figure 1a. For fused silica fibers, the fiber core and cladding 

are made of high-purity fused silica, doped with germanium 

to increase the refractive index; although other dopants may 

be used. Light waves are transmitted along the fiber through 

total internal reflection at the core-cladding interface. Multi-

mode fibers have a larger diameter core that allows multiple 

propagation modes of the guided wave. Compared with 

MMFs, SMFs have higher transmission speed and lower 

transmission loss, and thus generally more suitable for long-

distance applications. Two categories of fiber optic sensors 
have been reported in the context: Fabry perot 

interferometer sensors and Fiber Braggs Grating sensors. 

Grating sensors and interferometer sensors are referred to as 

“point sensors” because they only measure at the locations 

where a grating or interface is present. 

A. Fiber optic Fabry-Perot Interferometric Sensor: 

A Fabry-Perot interferometer (FPI) generally comprises of 

two parallel reflecting surfaces separated by a certain 

distance. One of the extrinsic Fabry-Perot interferometers 

(EFPI) sensors is illustrated in Figure 1a. In an extrinsic FPI 

sensor, the interference occurs due to the multiple 

superpositions of both reflected and transmitted beams at 

two parallel surfaces. It is possible to tune the intensity of 

the interferometric modes of an EFPI sensor by varying the 

gap between the two reflecting surfaces. The reflection or 
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transmission spectrum of an FPI is a wavelength dependent 

intensity modulation of the input light spectrum, resulting 

from the optical phase difference between the reflected and 
transmitted beams. The maxima and minima of the 

modulated spectrum indicate that both reflected and 

transmitted beams, at that particular wavelength, are in 2π 

phase and 2π out-of-phase, respectively. The optical phase 

difference between reflected or transmitted beams at a 

particular wavelength of the FPI is basically specified as  

δ  = (2π/λ) n2L 

where λ is the wavelength of incident light, n is the 

refractive index (RI) of cavity material, and L is the length 

of the cavity. 

The schematic experimental arrangement of the 

FPI sensor is as shown in Figure 1b, which comprises of a 
super luminescent light diode (SLD) source, a coupler and a 

spectrometer. Any applied longitudinal strain to the FPI 

sensor alters the physical length of the cavity, which results 

in a phase difference between reflected or transmitted 

beams. By measuring the shift of the wavelength spectrum, 

the strain applied to the FPI can be measured. It is found that 

the shorter the optical path difference (OPD) the larger will 

be free spectral range (FSR), resulting a wider dynamic 

range for a sensor. Therefore, the dynamic range of the 

sensor can be tuned by varying the cavity length which in 

turn changes the OPD of the FPI sensor.  

 
Fig. 1: (a) Design of Fabry Perot Interferometric Sensor 

(b) Experimental arrangement of Fabry Perot sensor 

1) Temperature Sensing (FPI): 

The fiber-optic temperature sensor is constructed by splicing 

a Single mode fiber (SMF) with a short segment of the 

endless single mode photonic crystal fiber(EMS PCF) and 

the free end face of the photonic crystal fiber(PCF) is 

cleaved and polished to a certain length L. At the fiber 

splice, a reflector R1 with a reflectivity of 1.2% is formed 

because of the small difference in refractive index between 

the SMF and the PCF. The end face of the PCF acts as 

another reflector R2 due to the Fresnel reflection. Thus, an 
intrinsic Fabry-Perot interferometer is formed. The material 

of the EMS PCF is pure silica. The fiber has a 7 µm 

diameter core, the average diameter of voids is 2.57 µm, and 

the average separation between the voids is 5.12 µm. 

 When the external temperature increases, the effective 

refractive index and the length of the PCF will be changed 

because of the thermo-optics effect and the thermal 
expansion effect. Thus, the change of the optical path 

difference (OPD), ∆d, can be expressed as  

∆d = 2L · (dneff /dT + neff × dL /L · dT ) · ∆T 

= 2L(σT + neffαT)∆T,                                (1) 

where ∆d is the change of the OPD, neff is the 

effective refractive index of pure silica, L is the physical 

length of the cavity, σT is the thermo-optics coefficient, and 

αT is the thermal expansion coefficient. 

In the optical spectrum of the interferometer, with 

the increase of the temperature, peak wavelengths shift 

toward longer wavelength. When a peak wavelength 

changes from λ0 to λn, the change of the OPD can be 
expressed as  

∆d = k × ∆λ = k(λn − λ0),                            (2) 

where k is the interferometric order of the fringe, 

which is an integer. From Eqs.(1) and (2), the relationship 

between the change of a peak wavelength ∆λ and the 

temperature variation ∆T can be obtained as 

∆λ = λn − λ0 

= 2 k × L × (σT + neff · αT) × ∆T 

= λ0 × σT/neff + αT  × ∆T                              (3) 

For the sensor constructed, the effective refractive 

index neff , the thermo-optics coefficient σT, and the thermal 
expansion coefficient αT of the pure silica are given as neff = 

1.4575, σT = 1.45 × 10−5 / ◦C, and αT = 0.55 × 10−6 / ◦C, 

respectively.9 The peak wavelength λ0 is the initial peak 

wavelength. The sensor length L can be roughly measured 

by using white-light interferometry (WLI). Thus, the 

wavelength shift, ∆λ, is proportional to the temperature 

variation ∆T. So, the change of the temperature can be 

measured by interrogating the peak wavelength in the 

optical spectrum of the fiber-optic Fabry-Perot 

interferometric sensor. 

2) Strain sensing (FPI): 

A strain sensing system was used to conduct the strain 
measurements. This system consists of an super luminescent 

diode, an optical circulator, an optical spectrum analyzer 

(OSA), and an Fabry Pevot Interferometer (FPI) cavity 

strain sensor. A wideband light output from the super 

luminescent diode is irradiated into the FPI cavity strain 

sensor through a three-port optical circulator. In view of the 

interfering effect between the two facets of the cavity in the 

strain sensor, the reflected light will be modulated and will 

contain the cavity length information of the FPI cavity strain 

sensor. The reflection light will return back to port 2 of the 

optical circulator, and the output from port 3 will be finally 
received by an OSA to obtain the reflection spectrum. 

 
Fig. 2: Experimental system of FPI strain sensor 



Fiber Optic Sensors: A Comparative Study 

 (IJSRD/Vol. 8/Issue 1/2020/077) 

 

 All rights reserved by www.ijsrd.com 275 

It should be noted that the distal single-mode fibers 

(SMF) end of the FPI cavity strain sensor may also reflect 

some light if the facet is not specially treated to eliminate 
the reflection. There are many ways to eliminate the 

reflection of the distal end, such as roughing the surface 

through a chemical or mechanical way, coating it with an 

anti-reflection film, or cut the fiber with a tilted angle of 8◦ . 

If the reflection is not effectively reduced, the whole 

structure can be viewed as a compound FP cavity, or two 

cascaded FP cavities: one cavity formed by the air, which 

has a cavity length of 10–200 µm; and one cavity formed by 

the two reflecting surfaces of the out SMF, which has a 

cavity length of several centimeters. The reflection spectrum 

from the structure will be in a form of a fast oscillation 

(determined by the length and refractive index of the out 
SMF) modulated by a slowing varying envelope 

(determined by the length of the air cavity). However, if the 

length of the out SMF is longer than 5 cm, the peak 

separation of the fast oscillation will be less than 0.018 nm, 

which can be automatically filtered by the OSA used in 

most cases. Thus, we can just keep the out SMF not too 

short and no special treatment is needed.  

The two end-faces of the cavity are the same. If we 

assume that they have the same reflection ratio R, for a light 

with a wavelength λ, the reflectivity RFP(λ) of the FPI cavity 

fiber-optic strain sensor can be expressed as  
RFP(λ) = 2R ( 1 − cos 4πLµ/ λ )/( 1 + R2 − 2Rcos 4πLµ/ λ)                                             

(1) 

where Lµ is the cavity length of the FP cavity.  

The refractive index of the SMF is approximately 1.46 at the 

end-face with air as the surrounding medium, R ≈ 0.035. 

Thus, Equation (1) can be approximately rewritten as  

RFP(λ) ≈ 2R(1 − cos 4πLµ /λ)                           (2) 

For wideband light illuminated from a SLD, the 

reflection spectrum of the EFPI cavity fiber-optic strain 

sensor will be modulated and will exhibit several peaks.Peak 

numbers, positions, and separations are determined by the 

cavity length. 
For a reflection peak with an order of m, the 

wavelength position should satisfy  

4πLµ/ λm = (2m + 1)π, m = 0, 1, 2, . . .                           (3) 

which means that  

4Lµ = (2m + 1)λm.                                     (4) 

For another reflection peak with an order of q, the 

wavelength position should satisfy 

4Lµ = (2q + 1)λq.                                      (5) 

From Equations (4) and (5), we have 

1 /λm − 1 /λq = (m − q) /2Lµ                                                (6) 

If both of the two reflection peaks can be found in 
the reflection spectrum, the cavity length can then be 

calculated by  

Lµ =[ (m − q)/ 2][ λmλq/ (λq − λm)]                       (7) 

Embedding of the FPI cavity in an object, or fixing 

it on its surface, allows the FPI cavity fiber-optic strain 

sensor to be deformed in unison with the object. When a 

stress is imposed on the strain sensor, the length of the 

cavity will be changed with the elongation of the entire 

structure. The cavity length Lµ and the cavity length 

variation ∆Lµ can be extracted from the reflection spectrum 

of the FPI. This is attributed to the fact that the entire glass 
capillary participates in the elongation, and the SMFs are 

fixed at the two ends of the glass capillary. The change of 

the cavity length is equal to the change of the length of the 

glass capillary. The strain value ε can be obtained directly 
and simply by  

ε = ∆Lµ /LC                                               (8) 

where LC is the length of the glass capillary.  

The FP cavity fiber-optic strain sensor fabricated 

by femtosecond laser writing or with direct splicing, 

commonly has an active strain length equal to Lµ. When a 

strain ε is added, ∆L'µ = εLC. Obviously, ∆Lµ/∆L' µ = LC/Lµ. 

It can be noted that at the same strain, the length elongation 

of the proposed FP cavity fiber-optic strain sensor used in 

this study is much larger than others. The cavity length is 

commonly extracted from the reflection spectrum on an 

OSA, and a larger change in the range of the cavity length 
will result in more obvious changes in the reflection 

spectrum. Additionally, the cavity length change can be 

extracted more easily to obtain the imposed strain. Thus, the 

strain sensitivity will be greatly enhanced. 

3) Remarks of FPIs: 

Due to the discontinuity of the optical fiber at the cavity, the 

physical strain limitation of the optical fiber, and thus, FPIs 

can be used to measure large strains. The reflector can be a 

cleaved end of an optical fiber or a mirror with a high 

reflectivity. The use of a mirror helps minimize the size of 

the sensor, facilitating sensor installation in structures. FPI 
sensors have been used to measure strain and crack opening 

in ceramic materials. Crack opening widths in a range of 17 

µm to 33 µm were measured using EFPI sensors at 

temperatures up to 900˚C. FPI sensors with a similar scheme 

have been used to measure strains of steel frames. The 

sensors attached on the surface of the steel columns measure 

large strains up to 10% at temperatures up to 800˚C. 

B. Fiber Bragg Grating sensor: 

In an FBG sensor, a narrow band of the incident optical field 

within the fiber is reflected by successive, coherent 

scattering from the index variations. The strongest 

interaction, or mode coupling, occurs at the Bragg 

wavelength, as described by Equation below: 

λB = 2neff Λ 

where λB, n , and Λ represent the Bragg 

wavelength, the effective refractive index of the fiber core, 

and the period of the grating, respectively. The effective 
refractive index of the fiber core and the period of grating, n 

and Λ, vary with the fiber temperature and strain. The 

temperature and strain of the sensor can be determined by 

measuring the central wavelength shift of the FBG, provided 

the temperature and strain sensitivity coefficients that are 

calibrated before the testing. The effects of temperature and 

strain on the fiber can be decoupled by measuring the 

temperature separately using a second sensor for 

temperature compensation. 
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Fig. 3: Illustration of reflection of fiber Bragg gratings 

(FBG) 

Fiber Bragg Grating sensors (FBGs) are typically 

about 5 mm in length and fabricated using a phase-mask 

approach to obtain gratings with controlled spectral 

response. To generate phase-mask gratings, a laser is 

focused on the fiber core through a phase mask that causes 

an interference pattern and inscribes multiple points. This 

requires the fiber core to be photosensitive. Another method 

to fabricate gratings is the point-by-point writing approach; 

where the fiber core is inscribed one point at a time using a 

laser. Point-by-point writing is inefficient for gratings with 
many index perturbations, such as FBGs; however, it is 

often appropriate for making Long Period Fiber Grating 

Sensors. 

1) Strain and Temperature sensing based on Fiber Bragg 

Grating:  

The wavelength of a FBGs changes with strain and 

temperature according to equation  

(∆λ/λ₀)  = k . ε + αδ·∆T                                   (1) 

∆λ  = wavelength shift 

λ₀    = base wavelength at test start 

k    = 1-p                                             (2) 
p   = photo-elastic coefficient, p = 0.22 

k   = gage factor, k = 0.78 

ε    = strain 

∆T = temperature change in K 

αδ  = change of the refraction index, 

αδ = 5….8  10-6/K 

αδ = (δn/n)/ δT                                     (3)        

The first expression (k . ε) of equation (1) describes 

the strain impact caused by force (εm) and temperature (εT). 

The second part( αδ·∆T ) describes the change of the glass 

refraction index n caused only by temperature. 

ε = εm + εT                                            (4)              
εm = mechanically caused strain  

εT = temperature caused strain 

εT =  αsp · ∆T                                          (5)                                                                                              

αsp= expansion coefficient per K of the specimen 

Equations (2) to (5) inserted into equation (1) lead 

to equations (6) and (7) which describe the behavior of a 

FBGS under the impact of both strain and temperature. 

(∆λ/λ₀)  = (1-p)·( εm + αsp · ∆T) + [(δn/n)/ δT ]·∆T             (6)                               

(∆λ/λ₀)  = k·( εm + αsp · ∆T) + αδ ·∆T                                (7)                         

αsp  of steel = 11.....13 ·10-6/K 

αsp  of aluminum = 22.... 23 ·10-6/K 

αδ  of refraction = 5…8  ·10-6/K 

In case of a pure temperature sensor a Bragg 

grating is not stressed (the fiber then is fixed only at one 
point, sufficiently apart from the Bragg grating). The FBGS 

∆λ/λ₀ signal then changes only with temperature according 

to equation (8). In this case α is the thermal expansion 

coefficient αglass of the fiber. 

(∆λ/λ₀)  = (1-p)·(αglass · ∆T) + [(δn/n)/ δT ]·∆T                 (8) 

(∆λ/λ₀)  = (k · αglass · ∆T) +  αδ ·∆T                                                          

(∆λ/λ₀)  = (k · αglass + αδ ) ·∆T                         (9) 

(∆λ)/(λ₀ · k · αglass + αδ) = ∆T                                (10)                    

Equation for a temperature-measuring FBGS 

αglass = 0.55 · 10-6 / K 

The expansion coefficient αglass of the fiber is very 

low; almost zero. The biggest impact results from the 
temperature dependent change of the refraction index αδ. 

When a fiber is fixed to a specimen, the FBGS signal ∆λ/λ₀ 

changes with the strain (εm + εT) of the specimen and 

therefore the thermal expansion coefficient is αsp then and 

not αglass . 

(∆λ/λ₀)  = k · εm +(k · αsp + αδ) ·∆T                                 (11) 

εm = (∆λ/λ₀· k) + [αsp + (αδ/k)] ·∆T                                   (12)                   

Equation for a strain-measuring FBGS. 

When the FBGS is fixed to the specimen on a 

region without mechanical strain (εm= 0) it works as a 

temperature compensation FBGS. Its signal calculates 
according to equations (13) and (14). 

(∆λ/λ₀)  = (k · αsp + αδ) ·∆T                                             (13)               

(∆λ/λ₀) [1/(k · αsp + αδ)] = ∆T                                          (14)                

Equation for a temperature compensation FBGS. 

The sensing function of an FBG derives from the 

sensitivity of both the refractive index and grating period to 

externally applied mechanical or thermal perturbations. The 

strain field affects the response of an FBG directly, through 

the expansion and compression of grating pitch size and 

through the strain-optic effect—that is, the strain-induced 

modification of the refractive index. The temperature 

sensitivity of an FBG occurs principally through the effect 
on the induced refractive index change and, to a lesser 

extent, on the thermal expansion coefficient of the fiber. 

Thus, the peak reflected wavelength shifts by an amount 

ΔλB in response to strain ε and temperature change ΔT as 

given by 

∆λ/λB= Peε +[Pe(αs - αf)+ς]∆T 

where Pe is the strain-optic coefficient, αs and αf are 

the thermal expansion coefficients of any fiber bonding 

material and of the fiber itself, respectively  

 
Fig. 3: Typical wavelength-shifting response of an FBG to 

(a) strain and (b) temperature. 
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and ς is the thermo-optic coefficient. The normalized strain 

response at constant temperature is found to be 

(1/λB)(∆λB/∆ε) =0.78 Χ 10-6 micro-strain-1 
and the normalized thermal response at constant strain is 

(1/λB)(∆λB/∆T) =6.678 Χ 10-6  ˚C-1 

For grating produced in silica fiber, representative 

values of the strain- and temperature-induced wavelength 

shifts are ~1 pm and ~10 pm/°C at 1300 nm, respectively. 

Figure 3(a) and 3(b) show typical Bragg wavelength shift 

responses to the applied strain and temperature, 

demonstrating good linear characteristics over practical 

dynamic ranges. 

2) Remarks of FBGs: 

Advantages of FGB sensors include: Lower cost electronics 

(measurement system) compared to other fiber optic 
technologies, good sensor reliability, and robustness due to 

the high sensitivity to temperature and insensitivity to other 

environmental variables such as refractive index, and ease of 

sensor packaging and installation due to the short sensor 

length. A primary drawback is that FGB gratings are 

annealed (erased) at temperatures too low for most 

applications. While this drawback can be overcome using 

regenerated gratings, the fabrication process is cumbersome 

and the resulting gratings have low reflectivity, which limits 

their ability to be multiplexed. The upper operating 

temperature of FBGs is limited by the softening point and 
thermal degradation of the fiber material, such as de-

vitrification. The softening point of silica fibers is between 

1200◦C and 1600◦C depending on the type and content of 

additive materials. Single crystal sapphire has a melting 

point around 2050◦C and thus might possibly increase the 

temperature limit. FBGs inscribed in sapphire fibers have 

been reported for measurements up to 1850◦C. Femtosecond 

lasers were used to fabricate the FBGs in sapphire fibers 

since they provided high peak intensities and multi-photon 

processes to permanently change the refractive index. 

However, sapphire fibers do not have fiber cladding and are 

multimode fibers, which involve more significant signal loss 
and require more complex interrogators. Light waves are 

constrained by the interface between the fiber core and the 

environment, and thus, the light waves are sensitive to the 

environmental conditions and surface defects. Such 

sensitivity must be considered in structural fire applications, 

since other environmental variables and surface conditions 

may affect the measurement. 

III. CONCLUSION 

On comparing these two sensors I found that the 

Interferometric fiber optic sensors can possesses higher 

temperature and strain sensitivities and flexible in terms of 

size. Fiber optic interferometer sensors have been developed 

to allow for the measurement of temperatures up to 1200˚C 

and strains up to about 10%. It can be concluded that the FPI 

strain and temperature sensor has low-cost advantages, high 

sensitivity, a large measurement range, and increased 

linearity. and On the other hand Fiber bragg grating sensors 

allows for all point measurements of strain and temperature 

and able to sense 1.2pm/με strain and 11.6pm/˚c temperature 
sensitivity. Fiber Bragg Grating (FBG) sensors that can 

measure temperature and strain at temperatures up to 

1300˚C using fused silica fibers. however, sophisticated 

processes are required to achieve gratings stable at 

temperatures above 400˚C. 
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