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 

Abstract: The article considers the phenomenon of splitting 

the spectrum of the reflected signal from fiber-optic sensors 

(FOS) based on fiber Bragg gratings (FBG), due to which 

errors in calculating the strain values in diagnostic systems 

of the stress-strain state occur. The physical principles of 

splitting and their influence on the diagnostic system as a 

whole are considered. Various algorithms are proposed to 

solve the splitting problem, followed by their comparison. 

The optimal algorithm for processing the digitized optical 

spectra of signals from FOS was estimated using a 

mathematical model using real strain indicators from a 

bench experiment. FOS deformation data were obtained 

during an experiment on a bench for bending metal levers 

and were compared with strain gauges. 

Keywords: FBG, Fiber-optic monitoring system, 

Diagnostics, Spectrum splitting, Processing algorithm 

I. INTRODUCTION 

Currently, strain gauges based on optical effects [1], 

which have several advantages over classical strain gauge 

sensors [2, 5], are widespread, among which: 

 lack of need for power supply of sensitive elements of 

sensors; 

 insensitivity to electromagnetic interference; 

 the ability to install the sensor at large distances from the 

polling device; 

 the ability to install multiple sensors on one optical line (on 

one optical fiber). 

To measure the relative elongation of structural 

elements, it was proposed to use sensors (FOS) based on fiber 

Bragg gratings (FBG) deposited on an optical fiber [2]. The 

survey of such FOS is carried out using special optical 
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circuits that track changes in the spectrum of the optical 

signal from the sensors. 

However, there is a drawback: due to optical 

properties, under certain conditions, the phenomenon of 

splitting of the spectrum of the optical signal occurs [3]. 

The article discusses data processing algorithms with 

fiber-optic sensors based on a mathematical model that are 

aimed at correcting errors associated with spectrum splitting. 

II. FIBER OPTICS TRAIN MEASUREMENT SYSTEM 

1.1 Physical principle 

 

Deformation can be measured using FBG, which is a 

periodic structure inside an optical fiber [1, pp. 5-8, 2]. The 

deforming effects on the controlled area are accompanied by 

a change in the spectrum, namely, the shift of the 

narrow-band peak of reflected light (Figure 1). 

 
 

Figure 1. Spectrum of reflected light from FBG 

1.1 FOSBenchTest 

 

To test the algorithms, we used the data obtained from 

the FOS bench tests described below. 

The test was a bend of metal levers, which are beams 

of equal deformation, glued to the surface of the FOS using 

Epo-Tek 353ND glue. As FOS sensitive elements, 3 mm long 

FBGs were used. The levers were installed in special 

equipment for the testing machine (see Figure 2), which 

allows you to set various deflections of the levers. 

Thetestswerecarriedoutundernormalconditions. 

Research of Data Processing Algorithms from 

Fiber Optic Sensors 

Leonid A. Delov, Viktor M. Vikulov, Mikhail Yu. Gavrikov, Nikolay L. Lvov, Stanislav S. 

Khabarov 



 

Research of Data Processing Algorithms from Fiber Optic Sensors 

457 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: A10951191S19/2019©BEIESP  

DOI: 10.35940/ijitee.A1095.1191S19 

 

 

Figure 2. Tests on a bench for bending metal levers 

The arrangement of the FOS on the surface of the 

metal levers is shown in Figure 3. On each lever, 4 FOS were 

glued, an electric strain gauge (ESG) was glued additionally 

next to the FOS on the lever surface, with which reference 

strain values were determined during testing. 

 

Figure 3. Arrangement of FOS on levers 

1. Data processing algorithms 

 

1.1  Formulation of the problem 

The data obtained during tests at the test bench are 

presented as “snapshots” of the spectrum of the optical signal 

reflected from the FOS. An example of a “snapshot” is shown 

in Figure 4. 

 

 

 

 

Figure 4. Graphical representation of the received 

“snapshots” of the spectrum 

The main task is to obtain information on the relative 

elongation (or shortening) of the controlled structural 

elements using data obtained from the FOS. 

To calculate the required values, the formula [6] is 

used: 

 
(1) 

iselongation, %; 

is the central wavelength (the part is in an unloaded 

state); 

is the central wavelength determined by the 

spectrum of the signal reflected from the FBG during the 

tests; 

is an additional correction factor found after 

calibration. 

During testing, one or more peaks in the spectrum of 

the optical signal reflected from the FOS underwent splitting. 

The uneven bending of the FOS on the part, as well as the 

lateral compression of the FBG due to the compression of the 

adhesive layer cause this phenomenon. 

Figure 5 shows the stages of peak cleavage: 

1. The part is not loaded. The spectrum looks fine; processing 

such a frame is not difficult. 

2. Detail stretch. The spectrum shifts to the right, i.e. in the 

direction of increasing the wavelength. A thickening on the 

left side of the peak can be seen. 

3. This frame shows spectrum splitting. It occurs with further 

stretching of the part. 

4. The experiment continues. The shape of the spectrum is 

approaching normal. 

5. The spectrum again has a normal shape. Such a frame is 

easy to process again. 
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Figure 5. Spectrum splitting example 

This shows that the construction of such an algorithm 

for processing the spectral response, which would make it 

possible to determine the real value of the central wavelength 

in real time, leveling the effects of the unevenness of the 

spectrum during peak splitting during the loading of the part, 

is an important task. 

 

1.1  Block diagram of the information processing 

algorithm 

 

The block diagram of the algorithm is shown in 

Figure 6. 

 

Figure 6. The block diagram of the algorithm 

Table 1 provides a description of each block of the 

mathematical model algorithm.  

Table 1. Description of Algorithm Blocks 

 

1.2 TrueMaximumAlgorithms 

 

The spectral response processing algorithms are 

described below. 

1. The method of least deviation from the previous 

value is based on the selection of one vertex from among 

many peaks (peak tracking method). This vertex should have 

the following property: its deviation from the previous value 

should be minimal in comparison with other peaks. 

 
(2) 

is true peak wavelength; 

is an element of 

this set; 

wavelength of the true peak of the previous 

measurement. 

The main disadvantage of this algorithm is the need 

for continuous operation of the sensor. If the sensor turns off 

for a certain period of time, then the information about the 

last value before switching off can be very different from the 

first value after switching on. 

2. The method of selecting a peak with maximum 

power. The basis of this method is the assumption that the 

true peak has the greatest power [4]. Such an algorithm 

works in the following sequence: searching for maxima in a 

certain area, comparing and choosing the largest one. 

 
(3) 

radiation intensity at a wavelength . 

It is likely that peaks resulting from splitting may 

exceed the true. In this case, it will be possible to observe the 

jumps and, as a consequence, the incorrect calculation of 

elongation. 

The following 

algorithms are based on a 
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different assumption. The desired peak has a special property 

that can be used for calculations. For example, split peaks 

always have a shorter wavelength. In this case, it is advisable 

among the set of all maxima to search for one whose 

wavelength is higher. We will call such a peak right. 

Selecting only the left or right peak: among the set 

corresponding to one sensor, the peak with the smallest or 

largest central wavelength is selected. 

 

 
(4) 

3. The combination of left and right (the far peak 

from an undeformed state). This method is an improvement 

on the previous one. If the vertices are shifted towards a lower 

wavelength relative to the first value, then the search is for 

the left peak, otherwise the right one, i.e. the farthest from 

the first value is selected. 

 
(5) 

unloaded wavelength. 

 

1.3  Methods for calculating the exact value of the 

wavelength 

 

1) Approximation by a function of the form  

.  

The approximating function of the form

 Function maximum point (desired 

wavelength)  

2) Interpolation by Lagrange polynomial 

 

 

(6) 

The number of spectrum points used in the 

interpolation is 3, since the use of a larger number of points 

leads to the appearance of polynomials of degree 3 and 

higher, which is unacceptable in the conditions of this 

problem. 

3) Splineinterpolation 

This type of interpolation is an improvement on the 

previous view. In particular, it solves the problem of large 

divergence of the interpolating function for large powers. 

4) Weightedaveragecalculation[4] 

At the first stage of the algorithm execution, sections 

are identified where the radiation power exceeds a certain 

threshold. Further, in each such strip, the weighted average 

is considered. 

 

(7) 

One of the features of such an algorithm is that it does 

not require obtaining a mathematical function that describes 

the experimental data. The wavelength  will be the output 

parameter of the general algorithm. 

III. SIMULATION RESULTS 

To test the algorithms, the results of 7 experiments 

were processed, 4 sensors were tested in each of them. Table 

2 below shows the results of data analysis; the standard 

deviation of the FOS readings from the ESG readings was 

calculated in the table for each method. 

 

Table 2. The results of mathematical modeling - the 

standard deviation of the FOS readings from the ESG 

readings 

 

The results in the form of histograms are shown below in 

Figures 7-11. 

 

Figure 7. Processing results using the tracking algorithm 

 

Figure 8. Processing results using the maximum selection 

algorithm 
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Figure 9. Processing results using the left peak search 

algorithm 

 

Figure 10. Processing results using the right peak search 

algorithm 

 

Figure 11. Processing results using the far peak search 

algorithm 

Among all the investigated algorithms, the tracking 

algorithm for the peak of the reflected signal showed the 

highest accuracy indicators. However, in some situations, the 

use of this algorithm can lead to large errors in determining 

the central wavelength of the water. For example, if the 

measurement stopped for some reason and continued after 

some time, the tracked peak may be lost and the wavelength 

will not be determined correctly. 

High accuracy indicators were obtained using the 

algorithm for finding the highest maximum, which confirms 

the theory that the true peak has the highest signal power in 

the spectrum. This method is superior to other algorithms in 

processing speed due to its simplicity. 

When applying the algorithms for selecting the left or 

right peak, low accuracy indicators were obtained. The 

combination of these methods (the farthest peak from the 

undeformed state) showed the worst result. 

In terms of determining the central peak wavelength, 

the most promising methods turned out to be interpolation 

methods. Spline interpolation has fewer mathematical 

operations that require more computational resources, such 

as multiplication, which provides higher performance than 

interpolation by a Lagrange polynomial. 

Based on the foregoing, we can conclude that the most 

suitable algorithm for processing data with FOS is the 

method of selecting the maximum in conjunction with spline 

interpolation. 

IV. CONCLUSION 

Based on the results of the experiments, the optimal 

algorithm for processing data with FBG was chosen, which 

allows determining the deformation of the object with the 

smallest error under the condition of possible splitting of the 

FBG peak, for example, with an inhomogeneous stress-strain 

roll in the zone of the sensitive element. Also, the selected 

algorithm provides higher performance, which is extremely 

important for continuous monitoring systems. 
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