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SIGNALS PROCESSING METHOD FOR FIBER-OPTIC SENSORS WITH TILTED 

FIBER BRAGG GRATING   

 

Abstract. The article presents signals processing method for fiber-optic sensors with 

tilted Bragg grating. Developed technique is based on the analysis of signals output spectrum 

to capture Fourier-images in the area. The main idea of the being offered method is in using 

sensitive tilted fiber Bragg grating fiber-optic sensors. The given sensor is insensitive to any 

influence in multimode fibers and other parts of the device. Devices, based on such principles, 

do not need recalibration after switching on and further operation. There is presented the sensor 

parameters optimization on the basis of numerical modeling. Outcomes of numerical modeling 

permitted to broaden the domain of internal parameters of sensor’s sustainable operation. 

 

Keywords. Fiber-optic sensor, signals spectral processing, analytical signal. 

 

Introduction.  

In the works [1,2] there have been developed the sensors, which are used for 

monitoring prolonged safety control, of for instance, dams and pipelines. Works [1-4] present 

optic sensors with fiber Bragg grating (FBG), which secure high sensitivity and fast response. 

 

 
 

Figure 1 - Experimental installation for measuring displacement dependence FBG-FPI [4] 

 

Fig.1 shows experimental installation for measuring refection spectrum dependence on 

FBG-FPI static displacement. One end of the fiber, containing FBG-FPI, is clamped with 

fiber’s holder block, installed at lateral roller guide. Another fiber end is attached with 

electronic wax to metal plate on the magnet foundation. Length between two fixed points 

comprises 44 cm. Strain is applied to FBG-FPI replacing fiber holder from 0 to 400 with a 

stroke. 
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Figure 2 - Experimental installation for vibration sensor [4] 

 

Fig.2 shows principal diagram of FBG-FPI vibration sensor. Laser driver permits to 

apply modulation signal to current flow. Without modulation current injection is set as equal to 

91,28 mA, and output wavelength constitutes about 1549,9 Nm. Intensity of the light, going 

through FBG-FPI is defined with a photodetector. To avoid photodetector fill, there is mounted 

optical attenuator (Anritsu MN9605) preceding to a photodetector. Outer modulation signal is 

produced with a functional generator. Modulation signal represents a saw-tooth signal with 200 

mV amplitude and 10 kHz frequency. Transfer speed from modulating voltage to injection 

current is 20 mA/V. As injection current dependence on DFB-LD output wavelength is 8 

pm/mA, the wavelength source is modulated in the range. Photodetector output is recorded by 

means of oscillograph with discretization interval 5. Time discretization interval corresponds to 

the wavelength discretization interval 3,2 pm. 

 By multiplexing, there has been computed multipoint high-speed vibration 

measurement, damages in composite materials [5-8].  

 

 
 

Figure 3 - Principal diagram of ultrasound visualization system [8] 

 

Figure 3 shows principal diagram of ultrasound visualization system of seismic physical 

model. Blocks, made of organic glass, are placed into a water tank as a physical model. Four 

copper cylinders (1,20 cm depth) are fixed between plexiglas block and water tank bottom. 

PZT is brought into action with function generator for producing ultrasound. PZT and fiber-

optic sensor are fixed at scanning platform (SMC100), which is located over water surface and 

controlled with a personal computer (PC) via interface RS232. Fiber-optic sensor is exposed to 

light with a tunable laser (Santec, TSL-710) with 100 kHz linewidth and 20 MWt capacity. 

Light, reflected from the sensor reaches the balanced photodetector (PD: New focus, 2117-FC) 
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with peak sensitivity 1A/Wt at 1550 Nm for photoelectric transformation. To obtain optimal 

ultrasound wavelength response, the laser is tuned to a quarter-phase point of one lineal side of 

interference spectrum, when ultrasound is loaded into a laser.  

 To assess flammable fluids tanks corrosive damage there have been used several 

electric sensors to detect acoustical emission (АЭ) waves, produced due to corrosion [9].  

Works [10,11] offer a number of FBG measurement techniques, using spectroscopy, 

laser demodulation [12] and scanning along the wavelength [13-21].  

Sensor system consists if tunable laser source (TLS), two interferometers, sensor part 

and computer. Figure 4 shows OFDR system configuration. In the research herein there is used 

a long FBG as a sensitive component.  

 

 
 

Figure 4 - ODFR-FBG probing system configuration in the research [18] 

 

Changing the phase, using interferometry, there has been computed FBG wavelength 

displacement [22].  Articles [23,24] show multipoint vibration measurement system, based on 

FBG, applying broadband pulsed light source and Mach-Zehnder interferometer with unequal 

stroke. 

 

Results and discussion. 

In 2021 the Institute of information and computer technologies, MES RK developed the 

fiber-optic sensor with tilted Bragg grating. The novelty feature of the given sensor is in the 

fact, that medium refractive index measuring system is sufficiently simplified, and it does not 

demand usage of spectrophotometers, optic spectrum analyzers and algorithms for analysis of 

optical spectrum. An important feature of the model is measurements independence on ambient 

temperature and electromagnetic field at measuring point, as the gratings are recorded on one 

and the same multimode fiber. Application of fiber-optic sensor also eliminates the problem of 

light source power fluctuation, as the refractive index measure is the ratio of capacity, 

measured with two photodetectors. 

Operation of the sensor, being offered is fulfilled as follows.  

Fiber-optic sensor consists of wide bandwidth light source 1, connected via multimode 

optical fiber 2 to tilted Bragg grating 3, which is linked with special metallic diaphragm 4, 

which, being deformed, deflects the cantilever 5. Upon cantilever deflecting there is raised the 

sensitivity to temperature, pressure and  bend by means of multimode optical connector  6 with 

two optical circulators 7 and 9. The first inlet of optical connector 6 is joined, by means of 

multimode optical fiber 2 with the first optical circulator 7, to which it is switched on  via 

multimode optical fiber 2, where the first Bragg grating 8 with linearly alternating period is 

https://www.osapublishing.org/oe/fulltext.cfm?uri=oe-26-16-19804&id=395633#g001
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connected through the first optical circulator 7 to multimode optical fiber 2 with the first photo 

detector 11. In contrast, the second outlet of optical connector 6 is connected via multimode 

optical fiber 2 to the second optical circulator 9, which by means of multimode fiber 2, joined 

to the second Bragg grating with linearly alternating period, which is additionally connected 

through the second optical circulator 9 via multimode optical fiber 2 to the second 

photodetector 12. 

Two photodetectors 11 and 12 are connected to micro controller 13. 

Advantage of the useful model, being offered is a simplified construction, with lower 

cost and enlarged field of application. 
 

 
 

Figure 5 - Fiber-optic sensor with tilted Bragg grating 

 

Originality of fiber-optic sensor is in the fact, that it consists of broad-band light source, 

with tilted special metallic diaphragm, which is being deformed, deflects the cantilever. Upon 

cantilever deflection there grows sensitivity to temperature, pressure and bend.   

In the work herein there is considered the case, when fiber-optic Bragg sensor with 

tilted grating has the following spectral output: 
 

 
 

where S(v) – light source spectrum, m1, m2- serial expansion coefficients of Fourier 

function redictivity FPI, fi(v)=2PiVDJ/c, j=1,2,..., D – optical paths difference, c – light speed, 

v – optical frequency. If fineness of f sensor is close to 2, mj —>0  and there is cosine response 

in spectral domain, corresponding to  double-beam interferometer.  

In the given study, tilted grating Bragg sensor’s output signal equals with an accuracy 

to  f=4. Research objective of signal processing is to find OPD value. In order to do it, there 

shall be reconstructed the phase p, not only for some selected point, but as a function v, to 

receive information from the signal in whole. It can be reached in the domain of more 

complicated images. First of all, there is made Fourier transformation, in order to obtain 

correlation function of output signal from the sensor: 
 

                                                                         (2) 
 

Figure 6 presents  tilted grating Bragg sensor’s output signal in spectral domain. As it is 

seen from the Figure, function R(r) consists of zero harmonic, corresponding to constant 

member in  (1) and set of high harmonic of corresponding oscillations: 
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                                       R( (                                   (3) 

 

Assuming, that initial misbalance of probing interferometer paths and spectral light 

source width secure appropriate harmonic separation, there might be constructed following 

analytical signals: 

 

 ,              (4) 

 

where S(v) — module and -arguments, quite the same as in (1), which cause 

necessary dependence of phase p on r. Derivative gives an absolute value of OPD. Each 

analytical signal S(v) contains total information about  g, and the simplest  OPD measurement 

technique is to use only the first harmopnic . 

 

 
 

Figure 6 - Output signal of tilted grating Bragg sensor in spectral domain  

 

 
 

Figure 7 - Correlation function of output signal  

 

 Figure 7 presents correlation function of an output signal. As it is seen from the Figure, 

the given Bragg sensor, due to an output signal’s correlation function does not depend on 

capacity and spectrum vibrations, it is resistant enough to interferences.  

 Let’s find an order N, it shall be OPD linear function, but, due to various noise factors, 

it has some distortion n(D), dependent on OPD: 

 

(5) 
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a) 

 
b) 

 

Figure 8 - OPD computed value and order distortion, comparing to model signal OPD. (а) there 

has been used only the first correlation peak, (б) used two correlation peaks 

 

If there is used double-beam interferometer as a sensitive element, processing algorithm 

considers merely the first harmonic of correlation function . It is shown in Fig. 4а. It is a 

result of  n(D) order numerical computations, when OPD input signal of the model is scanned 

near the defect. In case, |n| exceeds 0,5, there is an essential error in OPD definition. However, 

in case of FPI, there is obtained  an additional information source, contained in high harmonics 

R. Usually, the defects have low amplitude, low fineness and randomly distributed OPD. 

Therefore, their impact might be averaged and decreased by means of several harmonics R(j) 

processing. It is demonstrated in Fig. 4b, where max |n|=0,3 

 

Outcomes of numerical modeling 

The given research shows numerical modeling, in order to demonstrate the offered 

method. Fig.5-7 present modeling outcomes. They represent dependence of an order distortion 

on different parameters of processing algorithm. 

 

 
 

Figure 9 -  Dependence of an order distortion module maximum ( max |n| ) with amplitude of 

transfer function, standardized at signal’s maximum. 
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Fig.9 shows an order distortion bahavior upon changing the noise level. As it is seen 

from the Figure, a new algorithm is more resistant to interferences, than  thepreceding one. 

 

 
Figure 10 - Order distortion behavior upon noise level change  

 

Figure 10 shows, that, a transfer function has fixed amplitude of distortion oscillations 

and decrease for an order.  

Fig.11 demonstrates the role of light source spectral width. It is seen from the Figure, 

that broad-band source is more preferential for our method of signals processing. An order 

distortion is decreased for any value, when there processed two peaks of correlation function.  

 

 
Figure 11 - Value max |nl, dependent on fineness of Bragg sensor with tilted grating   

    

Conclusions. 

In the given research there has been upgraded the method of signals direct spectral 

processing in fiber-optic Bragg sensors with tilted grating.  The technique, being offered, uses 

the sensor with >2 accuracy and processes high harmonics of correlation function additionally 
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to the first one.  Bragg sensor, due to output signal’s correlation function, does not depend on 

capacity and spectrum oscillations, it is resistant enough to interferences, broadband source is 

more preferential for this method of signals processing. An order distortion decreases for any 

value, while processing two peaks of correlation function. Outcomes of numerical modeling 

permitted to broaden the domain of internal parameters of sensor’s sustainable operation.   

This work is supported by grant from the Ministry of Education and Science of the 

Republic of Kazakhstan within the framework of the Project № AP09259547 «Development of 

a system of distributed fiber-optic sensors based on fiber Bragg gratings for monitoring the 
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RK. Experimental researches have been carried out in the laboratories of optoelectronics at the 

Electric engineering and computer sciences faculty of Lublin Technical University. 
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КӨЛБЕУ БРЭГГ ТОРЫ БАР ТАЛШЫҚТЫ-ОПТИКАЛЫҚ СЕНСОРЛАР ҮШІН 

СИГНАЛДАРДЫ ӨҢДЕУ ӘДІСІ 

 

Аңдатпа. Мақалада көлбеу торы бар Брэгг талшықты-оптикалық сенсорларға 

арналған сигналдарды өңдеу әдісі берілген. Әзірленген әдіс Фурье кескіні аймағында 

түсіру үшін сигналдардың Шығыс спектрін талдауға негізделген. Ұсынылатын әдістің 

негізгі идеясы > 2 дәлдігімен көлбеу торы бар сезімтал талшықты-оптикалық Брэгг 

сенсорларын пайдалану және біріншісіне қосымша жоғары гармониканы өңдеу болып 
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табылады. Бұл сенсор мультимодты талшықтардағы және құрылғының басқа 

бөліктеріндегі әсерге сезімтал емес. Осындай қағидаттарға негізделген құрылғылар 

қосылғаннан кейін және одан әрі пайдаланудан кейін қайта калибрлеуді қажет етпейді. 

Сандық модельдеу негізінде сенсор параметрлерін оңтайландыру ұсынылған. 

 

Түйінді сөздер. Талшықты-оптикалық сенсор, сигналдарды спектрлік өңдеу, 

аналитикалық сигнал. 
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МЕТОД ОБРАБОТКИ СИГНАЛОВ ДЛЯ ВОЛОКОННО-ОПТИЧЕСКИХ 

ДАТЧИКОВ С НАКЛОННОЙ РЕШЕТКОЙ БРЭГГА 

 

Аннотация. В данной статье представлен метод обработки сигналов для 

волоконно-оптических датчиков Брэгга с наклонной решеткой. Разработанная методика 

основана на анализе выходного спектра сигналов для захвата в области Фурье-

изображений. Основная идея предлагаемого метода заключается в использовании 

чувствительного волоконно-оптических датчиков Брэгга с наклонной решеткой с 

точностью> 2 и обработке высших гармоник в дополнение к первой. Данный датчик 

нечувствителен к влиянию в многогодовых волокнах и других частях прибора. 

Устройства, основанные на таких принципах, не нуждаются в повторной калибровке 

после включения и дальнейшей эксплуатации. Представлена оптимизация параметров 

датчика на основе численного моделирования. 

 

Ключевые слова.  Волоконно-оптический датчик, спектральная обработка 

сигналов, аналитический сигнал. 
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