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Temperature-independent Vibration Sensor Based on Fabry-Perot 

Interferometer using a Fiber Bragg Grating approach   

Abstract 

An innovative vibration sensor based on a Fabry-Perot Interferometer (FPI) using Fiber Bragg 

Grating (FBG) reflectors has been discussed in this work. The sensor has been designed to be 

compact and easy to fabricate and independent of temperature, to overcome limitations seen in 

some previous designs, providing an effective correction for temperature effects in FBG-based 

FPI (FBG-FPI) sensors.  In this approach, light from a broadband source in the wavelength 

range 1500 – 1580 nm has been used to illuminate the FBGs used (having a reflective peak of 

1547.42 nm), employing in this way a light source within the FPI optimum wavelength 

operating range of 1547.15 nm – 1547.80 nm.  The sensor developed in this work has been 

shown able to capture a 3 kHz burst signal from a signal generator, in 1 Hz, 2 Hz, and 3 Hz 

intervals.  In addition, the research carried out has revealed that the sensor could be used to 

capture sinusoidal signals at frequencies up to 9 kHz, creating a performance comparable with 

many existing conventional piezoelectric sensors.  The ability to operate regardless of any 

ambient temperature changes (in the range from 26.5°C (room temperature) up until 80°C), 

opens the way to use such a sensor system over a wide range of engineering applications taking 

advantage of the next generation of FBG-based FPIs. 

 

1. Introduction 

Vibration measurement is of critical concern in many current engineering applications 

and excessive vibration or vibration at particular frequencies can have series of effects on the 

performance and indeed the safety of many engineering structures, such as aircraft or buildings. 

Hence, accurate measurement and monitoring must be done precisely and easily, to allow the 

detection of anomalous events and to warn of potential infrastructure damage [1].  Vibration 

sensors based on piezoelectric [2,3], magnetostrictive [4], capacitive [5], and inductive [6] 

technologies, among others, are already available and widely used by engineers in the industry.  

However, there are problems for many important applications – traditional vibration sensors 

suffer from electromagnetic (EM) interference, making them unsuitable when applied to many 

challenging situations and electrical sensors may be unsuitable for use in certain safety-critical 

areas e.g. where explosive or flammable gases are present.  Furthermore, with the developing 

needs in modern engineering measurement, there is a requirement for new designs that can 



overcome limitations of the monitoring distance experienced experienced in some applications 

(e.g. civil infrastructure), as well as the expensive maintenance costs required for some designs 

of sensor systems. 

 Optical fiber-based systems offer new opportunities for better sensor design and these 

have received significant attention in research, to address a wide range of applications over the 

last several decades, taking advantage of their being lightweight, operational over significant 

lengths (through multiplexing of the sensors along with the optical network), potentially high 

accuracy, having good signal transmission security and due to their configuration, relatively 

easy installation, as well as corrosion resistance (not being metallic) and immunity to 

electromagnetic (EM) interference [7,8].  These features emphasize their potential to be used 

in harsh environments in the industry [9] where conventional sensors may often be limited.   

Building on the low cost of many fiber optic components (due to their widespread use in 

telecommunications), these are well suited to many different areas of optical fiber sensing, with 

key examples already proven being strain sensors [10–12], temperature sensors [13,14], and 

vibration sensors [15,16], often showing high sensitivity [17].   

A fiber optic vibration sensor can typically be based on the modulation of the light 

properties in the optical fiber, such as intensity, phase, polarisation state, and frequency, where 

these are (mainly) caused by externally applied vibration (and compensation for extraneous 

effects such as temperature can be included).  The most common types of fiber-optic vibration 

sensors discussed in the literature are point [18–21], quasi-distributed [22], and distributed 

sensors [23,24] and for each of those different (and often complementary) optical techniques 

can be employed.  For vibration measurement, several point sensor schemes such as those 

based on Fiber Bragg Gratings (FBGs), Fabry–Pérot interferometers [25,26], self-mixing of 

optical signals [27], and Doppler vibrometry [28,29] have been reported in the literature.  

Because of inherent features of the optically-based technique such as low noise, ease of being 

embedded in a structure and the ability readily to be multiplexed to form a quasi-distributed 

sensor array, FBG vibration sensors have become a rapidly growing scientific research topic 

[30,31] to meet the range of new engineering applications, both current and under development, 

where better vibration measurement is needed. 

Amongst the wide range of FBG-based sensors that have already been proposed, 

relatively few FBG-based Fabry-Perot Interferometer (FPI) sensors have been discussed in the 

literature [32–35].  Amongst these, Wada et al. [32,33] used a tunable laser diode to illuminate 

the FBG-FPI sensor, subjected to a sinusoidal vibration.  In addition, Zaini et al. [35] have used 

an edge filter interrogation method, where a further FBG-FPI was included to filter the output 



signal from the FBG-FPI used as the sensor.  In these designs in the literature [32,33,35], while 

an effective FBG-FPI based vibration sensor has been developed, the designs proposed did not 

include an explicit temperature compensation scheme.  Rao et al. [34] have discussed an FBG-

FPI based design to monitor strain, temperature, and vibration simultaneously and although in 

that work the FBG-based sensor was used from room temperature to 50°C, temperature effects 

were not fully eliminated when making vibration measurements using this FBG-based 

approach.  

 Seeking to overcome some of these limitations in this work, a temperature-independent 

vibration sensor using a Fabry-Perot interferometer approach and based on FBG technology 

has been developed and its performance is described.  This new sensor approach can detect 

burst signals, at low frequencies and can find applications in areas such as ground/slope 

monitoring and structural vibrations as in structural health monitoring.  The target performance 

specification of the sensor design proposed was to detect a ~3kHz burst at 1Hz, 2Hz, and 3Hz 

frequencies, doing so over a range of temperatures and compensating for any temperature 

effects.  The results obtained have shown that the sensor can monitor sinusoidal signals, at 

frequencies up to ~9kHz, achieving temperature compensation in the detection of low-

frequency burst signals and high-frequency sinusoidal waves, in this way creating a sensor 

scheme that potentially addressed important sensing needs for the next generation of FBG-

based FPI devices.  

 

2. Methodology 

2.1 Fabrication of the Fiber Bragg Gratings (FBGs). 

The FBGs used in this study were created by inscribing uniform gratings in the core of 

conventional single-mode fiber (SMF), using the phase mask technique.  Before this, the 

optical fiber was sensitized by hydrogen-loading the SMF used, in a high-pressure hydrogen 

environment, for five days.  Following that, the gratings were inscribed at a length of ~10 mm 

inside the fiber core, by using light from a Krypton Fluoride (KrF*) excimer laser, operating 

at a wavelength of 248 nm.  The fiber samples containing the inscribed gratings were heated in 

an oven at 70°C to 80°C for typically seven hours, after the production procedure was 

completed, to remove any remaining hydrogen present as to stabilize the gratings.  

 For every FBG inscribed in a single-mode fiber (SMF), the shift of the Bragg 

wavelength can be linearly related with the change of strain, 𝜀, and temperature, T, as described 

by the following relationship: 



∆𝜆𝐵

𝜆𝐵
= (1 − 𝑝𝑒𝑓𝑓)∆𝜀 + (𝛼 + 𝜉)∆𝑇 

where 𝜆𝐵 represent the Bragg wavelength, while 𝑝𝑒𝑓𝑓 , 𝛼, and 𝜉 are for the photo-elastic 

parameter, thermal expansion coefficient, and thermo-optic coefficient of the fiber, 

respectively.  

 

2.2 Fabrication of in-fiber FPI 

In a way that is similar to the fabrication of the FBGs themselves, the in-fiber FPI  was 

formed by using two identical gratings, forming extremely narrow fringes that were linearly 

shifted with the change of temperature and strain applied to the FBG-FPI. The two short 

uniform gratings formed the in-fiber FBG-FPI, is illustrated in Fig. 1, using equal grating 

lengths, LFBG, and grating period, Λ wrote into an optical fiber, as shown.  This FBG-FPI has 

two gratings, separated by a known distance, LFPI, to produce the interferometric spectra. Fig. 

2(a) shows the reflection spectra of an individual grating reflector (a single grating FBG, 

operating at a specific known wavelength, λ).  The bare fiber between the two grating reflectors 

creates the cavity for the resonating optical wave between the two reflectors, producing the 

interferometric output spectra, as illustrated in Fig. 2(b).  

 

Fig. 1 Illustration of the FBG-FPI created in this work where LFBG is the length of the grating used (of period 

Λ) and LFPI is the separation of the gratings, and thus the interferometric cavity length. 

 



Fig. 2.  Illustrations of (a) a single FBG spectrum, of wavelength λ and (b) a typical spectrum of the FBG-FPI. 

2.3 Experimental Design 

The experimental setup used is illustrated in Fig. 3, where two types of the sensor were 

used – the first being a ‘normal’ FBG with a reflection peak wavelength of 1547.42 nm, while 

the second was an FBG-based Fabry-Perot interferometer (denoted as FBG-FPI) with an 

optimum operating wavelength range of 1547.15 nm – 1547.80 nm.  Light from a broadband 

source over the range 1500 – 1580 nm was passed through the normal FBG before being 

connected to Port 1 of a 3-port optical circulator.  In the design of the FBG-FPI, these two 

gratings must be spaced closely together and have the same range of wavelength peak (or at 

least to be so within ~0.1 nm).  The standard grating will act as a filter for the broadband source 

and only allow light at a particular wavelength (the same wavelength peak as for the FBG-FPI) 

to pass through.  The sensitivity of the FBG-FPI would be negatively affected if the wavelength 

of the light source did not match the optimum operating range of the FBG-FPI: indeed, a severe 

mismatch would render the sensor ineffective.  Moreover, as the FBG responds directly to 

strain and temperature variations, when the surrounding temperature changes, the wavelength 

shift for the normal FBG used will be identical to that of the FBG-FPI cavity, formed from the 

two FBGs and in that way deal with the temperature compensation needed.  In the experiment 

carried out, Port 2 of the circulator was connected to the FBG-FPI cavity to detect the 

waveforms generated.  Following that, a piezoelectric transducer was placed on top of the FBG-

FPI, separated from it by a 2x2x0.1 mm plastic sheet, illustrating a scenario where seismic 

activity will be detected.  Port 3 was connected to the DLM2054 2.5 G/s 500 MHz oscilloscope, 

through a DET02AFC photodetector, to capture the response of the FBG-FPI in the detection 

of the applied vibration. 

 



 

Fig. 3.    Illustration of the experimental setup for the verification of the performance of the FBG-FPI cavity 

subjected to a simulated seismic-induced vibration  

The output spectra obtained from the setup shown in Fig. 3 are illustrated in Fig. 4, 

obtained by connecting an Optical Spectrum Analyzer (OSA) to Port 3 of the circulator instead 

of the oscilloscope. As indicated above, the FBG peak (1547.42 nm) is within the optimum 

operating range of the FBG-FPI (1547.15 – 1547.80 nm).  

 

Fig. 4.    The output spectrum of FBG and FBG-FPI from Port 3 of the circulator when connected to an 

Optical Spectrum Analyzer. 

Port 2 

Port 1 

Port 3 



2.4 Burst Signal in Low-Frequency Interval 

With reference to Fig. 3, a 0.5 V peak-to-peak voltage (Vpp) 3 kHz burst signal from 

the ROHDE & SCHWARZ RTM3004 signal generator was applied to the FBG-FPI, using a 

piezoelectric transducer where the frequency of the burst interval was varied from 1 Hz, 2 Hz, 

and 3 Hz. 

 

2.5 High Frequency of Sinusoidal Wave 

Using the same setup as discussed above, a 3 kHz sine wave with 5 Vpp from the signal 

generator was applied to the FBG-FPI through the piezoelectric transducer. The input 

frequency was varied up to a maximum of 9 kHz, in 1 kHz intervals.  To allow a cross-

comparison, the experiment was repeated using a conventional piezoelectric sensor to compare 

the performance characteristics of the two approaches used to monitor vibration. 

 

2.6 Temperature Monitoring and creating a correction for temperature effects 

The procedures above were carried out by placing the experimental setup on a hot plate 

to investigate the effect of temperature on the FBG-FPI sensor.  Due to the small size of the 

device illustrated schematically in Fig. 1, as the wavelength shifts due to the temperature of the 

FBGs used are the same for each, there should then be no changes in the ability of the FBG-

FPI to operate as an interfometer and thus capture the vibration waveforms (generated in this 

test by the signal generator at known frequencies).  An illustration of the experiment setup used 

for calibration of the system is shown in Fig. 5, where both the FBGs and the FPI were placed 

on top of a hot plate and between the piezoelectric transducer.  Here a thermocouple was 

utilized in this calibration to monitor the temperature of the hot plate, which when it  was raised 

from ~26°C to 80°C in 10°C intervals, the wavelength spectrum of the FBG-FPI from port 3 

of the circulator was observed and recorded by using the OSA.  Such a calibration is a pre-

condition to the use of the sensor system for vibration monitoring and as the FPI continues to 

work well over this temperature range, shows that the wavelength shift of both gratings (due 

to changes in the temperature) is essentially identical (with a sensor of this small size).  

Thus the procedures set out in Sections 2.4 and 2.5 were repeated over a wide range of  

temperatures, from room temperature of ~26°C to 80°C, in 10°C intervals. The waveforms 

captured from the FBG-FPI were recorded from an oscilloscope. 



 

Fig. 5. Experimental set up for the calibration of the FPI sensor over a wide temperature range 

 

3. Results and Discussions 

 The output signals (generated directly from the signal generator in the system 

calibration setup used ) shown in Fig. 3, are depicted in Fig. 6.  Fig. 6(a) shows the 3 kHz burst 

signal in a 1-second interval (1Hz), and Fig. 6(b) illustrates the 3 kHz sine signal.  After being 

exposed to the 3 kHz burst signal, the responses of the FBG-FPI sensor designed here to the 

burst signal are shown in Fig. 7.  This allows a comparison to be made between the output 

signal of the signal generator and (what should then be a similar) output signal deteted by the 

FBG-FPI.  Fig. 7(a), (b), and (c) represent the FBG-FPI response to the 3 kHz burst signal in 1 

Hz, 2 Hz, and 3 Hz intervals, respectively.  As can be seen from Fig. 7, there is minimal 

background noise in the output reading, primarily due to the suitable nature of the input 

broadband source [35].  Compared to the output obtained directly from the signal generator 

(Fig. 6), a small voltage (amplitude) difference between the signal generator output (0.5 Vpp) 

and the FBG-FPI output (~0.2 - 0.3 Vpp) was seen, this being due to due to the energy loss 

experienced.  However, the similarity in the structure of the pulses demonstrates that the FBG-

FPI can faithfully capture the burst signals used, at low-frequency intervals. 

 



Fig. 6. (a) Signals directly from the signal generator: 3 kHz burst at a 1 Hz interval, and (b) 3 kHz sine wave, 

generated by the signal generator. 

 

Fig. 7 Illustrating the comparison between the output signal of the signal generator and the output signal from 

the FBG-FPI: 3 kHz burst at (a) 1 Hz, (b) 2 Hz, and (c) 3 Hz intervals detected by the FBG-FPI. 

Fig. 8 now illustrates the response of the piezoelectric sensor, compared to the FBG-

FPI when both were subjected to the 3 kHz sine wave from the signal generator.  Compared to 

the 3 kHz output directly from the signal generator in Fig. 6(b), both sensors record an 

observable loss in input voltage (as elastic waves lose energy as they travel through a material) 

where in this case a plastic sheet divides the sensor and the transducer (the vibration source). 

The small distortion is seen in the sine wave of the FBG-FPI output signal (in Fig. 8(b)) seems 

likely to have been caused by the vibration of the fiber itself – the conventional piezoelectric 

sensor illustrates the sine wave shape better because the sensor plate was metal (likely 

aluminum), providing good response to elastic waves.  The data show that the FBG-FPI sensor 

can capture the high-frequency resonance in a similar way to conventional vibration sensors. 



 

Fig. 8. Output signal detected by (a) the piezoelectric sensor and (b) the FBG-FPI sensor: both were subjected to 

a similar 3 kHz sine wave. 

 In addition to the test carried out where the results are illustrated in Fig. 8, a comparison 

was also made between the output signal directly from the signal generator (SG), the 

piezoelectric sensor, and the FBG-FPI sensor, as can be seen in Fig. 9.  The data shown 

illustrate the output waveform from each sensor when they were subjected to a sinusoidal wave 

at a series of frequencies of (a) 3 kHz, (b) 6 kHz, and (c) 9 kHz, where it is evident that FBG-

FPI can capture the waveforms in the high-frequency region with high fidelity.  



 

Fig. 9. Output signal comparison between the signal generator (SG – in red), the piezoelectric sensor (Piezo – in 

orange), and the FBG-FPI sensor (FBG-FPI in blue) for three different frequencies (a) 3 kHz, (b) 6 kHz, and (c) 

9 kHz. 

 In order to ensure that compensation can be made for any temperature excursions, the 

FBG-FPI sensor was subjected to changes in the temperature, over the range from ~26°C  

(room temperature) to 80° C.  The output spectra obtained during these tests were recorded at 

port 3 of the circulator using the OSA and Fig. 10a illustrates all the spectra obtained during 

the temperature rise to 80°C.  It can be clearly seen that the sensor works well across this 

important temperature range as the FBG peak was always within the optimum operating range 

of the FPI (as the FBGs used in the FPI were placed closely together), enabling the FBG-FPI 

to always capture waveforms regardless of surrounding temperature changes.  The 

characteristic wavelength of the FBG used in the FPI acts as a temperature sensor which can 

be calibrated, as shown in Fig 10b.  [can you draw here a graph of the peak wavelength of the 

FBG v temperature using the peak wavelength data in Fig. 11a – upper graphs (from 30 deg to 

80 deg) to show this?  It should be linear and give that temperature calibration] 

 Fig. 11a shows the spectral responses of both the FBG (top) and the FPI (bottom) at a 

series of temperatures – 30, 40, 50, 60, 70, and 80°C showing that the wavelength shifts of the 

FBG themselves and of the FPI created were simultaneous and identical when they were 

subjected to the same temperature changes.  Fig 11b shows the peak wavelength of the FPI 

created, as a function of temperature. [can you draw here a graph of the peak wavelength of 



the FPI v temperature using the peak wavelength data in Fig. 11 – lower graphs (from 30 deg 

to 80 deg) to show this?  It should be linear and give that calibration with temperature] 

Thus Figs. 10 and 11 verify that temperature changes would not affect the ability of the FBG-

FPI to capture burst and sine signals, as the reflective peak of the FBG is always within the FPI 

operating range over the temperature excursion range studied.  

 

 

Fig. 10(a). Output spectra of the FBG-FPI when it is subjected to a different temperature. 

 

[add Fig 10(b) – see above] 

 



 

Fig. 11(a).  Response spectra of each FBG and FPI at 30, 40, 50, 60, 70, and 80°C. 

[add Fig 11(b) – see above] 

 

 Fig. 12 shows the FBG-FPI responses to a 3kHz burst at (a) 1 Hz, (b) 2 Hz, and (c) 3 

Hz at room temperature (blue) and 80°C (red).  It is clear from Fig. 11(a), that the FBG-FPI 

can capture the burst signal pattern, and so so over all the temperatures in the range shown.  

Further, similar response patterns can be observed for bursts at 2 Hz and 3 Hz in (b) and (c) 

respectively.  This observation shows clearly that the method proposed is able to allow the 

FBG-FPI to detect burst signals, at these low frequencies, regardless of the temperature change. 



 

Fig. 12. The response of the FBG-FPI towards 3kHz bursts at (a) 1 Hz, (b) 2 Hz, and (c) 3 Hz intervals at room 

temperature (blue) compared to at 80°C (red).  

 

 In addition to that, the response of the FBG-FPI to any temperature changes in high-

frequency sine waves can be observed in Fig. 13.  Fig. 13 (a) shows the FBG-FPI was able to 

detect the 3 kHz sine waves at temperatures both of 40°C and 80°C and they exhibit similar 

responses towards temperature for frequencies of 6 kHz and 9 kHz, as shown in (b) and (c) 

respectively.  There is also no observable difference in the amplitude response, whenever the 

FBG-FPI was subjected to different temperatures.  

 

 

Fig. 13. The response of the FBG-FPI towards (a) 3 kHz, (b) 6 kHz and (c) 9 kHz sine waves at room 

temperature (blue), 40°C (purple) and 80°C (red). 

 

 

4. Conclusions and Discussion 



 The research carried out has shown that a simple but highly effective, fiber FBG-FPI 

sensor has been developed and its performance verified, showing clearly that it is able to 

capture burst signals, in low-frequency intervals and sinusoidal waves in the high-frequency 

region of 3 kHz to 9 kHz, with high fidelity.   Furthermore, due to the compactness of the 

design with the FBGs comprising the FPI being placed and aligned closely to each other, the 

sensor will still be effective over the important temperature range studied, because the effects 

of temperature on the peak of the reflected peak wavelength of the FBG and of the FPI formed 

from them are very closelty matched.  

The design of the sensor has been carefully created so that the light source is always 

operating within the optimum wavelength range to suit the FPI operating as an interferometer, 

as well as matching the characteristic wavelengths of the FBGs themselves.  Such a small, 

lightweight, all-optical and temperature-independent vibration sensor capable of detecting the 

waveforms of vibration over this frequency range opens up a variety of engineering 

applications, including in structural health monitoring (SHM) and ground movement 

monitoring amongst others, both particularly important in structural engineering today.  
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