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Abstract—The signal processing method based on extremal 

filtration in low signal-to-noise ratio conditions was proposed. 

The extremal filtration is similar to the empirical mode 

decomposition (EMD) method, but complex mathematical 

calculations are absent that is the main advantage. Using it in 

real measuring devices significantly increases the speed rate. 

The extremal filtration process is an algorithm that involves 

sequentially repeating until an optimal result. The 

disadvantage of this method is decreasing the spatial resolution 

since every iteration due to a reduction in the number of 

samples. It is an especially negative fact in areas of sharp signal 

change. This paper demonstrates how to solve this problem 

using linear interpolation and to improve the result obtained by 

simple extremal filtration. 
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I. INTRODUCTION

The fiber-optic sensors (Fig. 1) are a new generation of 

measurement instruments that significantly exceed the 

classical electronic tools. Unlike their predecessors, the 

fiber-optic sensors are lighter, smaller, immune to 

electromagnetic interference, and have a high spatial 

resolution. In monitoring systems for dangerous industrial 

objects, these sensors reveal their potential completely. The 

optical fiber is a sensitive element several kilometers long. 

This allows the distributed measurements using only one 

sensor. This is physically impossible with classical 

electronic sensors. 

One example of the monitoring system based on the fiber-

optic temperature and strain sensors is proposed in the paper 

[1]. This paper shows clearly how detailed information about 

the state of an object can be obtained using fiber-optic 

sensors. The authors fulfilled a two-dimensional distribution 

of temperature and deformation during the heating and 

cooling of the object. Only three optical fibers were used for 

this. Such a high level of detailing is indispensable in the 

monitoring systems for dangerous production objects. 

Fig. 1. Structure of the DTS 

The authors of the paper [2] have developed monitoring of 

the behavior of the enclosure of a telecommunication tower. 

The sensors were installed both inside the building and 

outside. Thus, detailed data were obtained on the 

dependence of temperature on deformation. At the same 

time, the authors noted that measurements from sensors 

installed outside the building recorded unstable 

measurements due to the aggressive environment: hail, birds, 

rain. In this case, some of the measurements can not be 

considered as reliable. This paper shows one of the problems 

with fiber optic sensors: the low strength of the optical fiber. 

The use of the protective covers will be negatively affected 

by the device sensitivity. 

In this paper, we use the experimental data from the fiber-

optic temperature sensor based on Raman light scattering. 

The operation principle is based on receiving and 

measurement of the spectral components of the back-
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reflected signal called Stokes and Anti-Stokes that depends 

on temperature [3]. The time difference between the input 

and target signals is determined by the domain of the fiber to 

which the signal belongs to. There are a lot of methods for 

the optic-fiber measurement of temperature. For example, 

paper [4] presents a fiber-optic sensor based on Bragg 

gratings fiber (FBG). The authors measure the temperature 

and deformation of the magnetic core for a contactor. The 

fiber-optic sensor is ideal for such measurements due to its 

immunity to electromagnetic hindrances. The operation 

principle is based on the measurement of the Bragg 

wavelength displacement. Bragg wavelength shift occurs 

when the grating is deformed or the temperature is changed. 

The use of FBG to measure strain, made it possible to 

identify the electromagnetic force in the magnetic core 

contactor. 

In addition to regular applications in monitoring systems, 

fiber-optic sensors are used to determine the object form. 

Paper [5] provides a detailed review of the current state-of-

the-art of Fiber Optic Shape Sensors (FOSS). Fiber-optic 

sensors are ideal for these systems due to their advantages: 

flexibility, lightweight, small size, resistance to 

electromagnetic hindrances, corrosion resistance, ability to 

measure the multiple parameters, intrinsic safety. The 

authors write about such fields of application as civil 

engineering, industrial and aerospace engineering, and 

medicine. Fiber-optic sensors are a good replacement for 

traditional measurement methods. It may be the case 

therefore now there are many technical solutions in various 

fields of science and technology based on fiber-optic 

measurements. 

One of the promising solutions is a new method and 

corresponding device that allow temperature measurements 

[6]. The operation principle is based on a distributed loss 

profile created from the laser beaming to fiber. It is used to 

adjust the ratio between the amplitudes of the Raman Stokes 

and anti-Stokes signals. This results in more accurate 

profiles in the distributed temperature sensors (DTS). Thus, 

measurement accuracy is achieved by changing the signal 

amplitude ratio in DTS. 

The Dynamic Threshold Identification Method (DTIM) 

was proposed to use for detecting leaks in pipelines with an 

accuracy of 1 meter [7]. DTIM can determine the leak 

location based on the study of the thin structure of the 

received signal. In [8] the Fuzzy Temperature Difference 

Threshold Method (FTDTM) was proposed to use for 

detecting and predicting the efficiency of photovoltaic 

modules of solar cells. The central idea of the method is 

related to the formation of fuzzy ratios, the definition of 

relationship matrix, and the calculation of predicted 

temperature. There is ample evidence that the improvement 

of signal processing methods in sensors is required, with the 

use of dependence measures and possibly with dynamic 

identification. 

II. MODELING 

This paper deals with the extremal filtration problem 

likewise [9]. The challenge is to identify a signal with a low 

signal-to-noise ratio (SNR). Many engineers use standard 

signal processing methods [10–12]. However, these methods 

are frequently ineffective, which requires thousands of 

realizations for the signal to be used for SNR compensation. 

There is no general effective method for signal processing 

with a high noise level. So this article deals with solving this 

problem. 

As in previous work [9], extremal filtration is a key 

processing step in DTS. This method perfectly processes 

signals without sharp changes of the mathematical 

expectation. The disadvantage of this method is connected 

with decreasing the spatial resolution after series of 

iterations. Some solving approach for this problem is 

described in the paper. For amplification of the research, we 

use 20 series of the signal from a real fiber-optic temperature 

sensor. The signal is the anti-Stokes component U(s), which 

is used to calculate the temperature (Fig. 2). 

 

 
 

Fig. 2. The original signal 
 

The extremal filtration is analogous to the more well-

known Empirical Mode Decomposition (EMD) method. An 

essential difference between extremal filtration and EMD is 

the lack of complex mathematical calculations. In practice, 

using this method instead of EMD, you can significantly 

increase system performance. This is especially true for 

remote monitoring. The extremal filtration method is 

described in detail in [13]. 

The iterations of the extremal filtration are repeated 

sequentially many times until an optimal result. Fig. 3 shows 

the processing results after each iteration. 
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Fig. 3. Iterations of the signal processing  

 

The signal becomes smoother with each new iteration of 

the program. Nevertheless, the rise time and fall time for the 

signal become increased, which negatively affects the 

characteristics of a measurement device. This problem is 

visible in Fig. 4, which shows the domain of a sharp 

amplitude change in the signal and the result of filtering in 

this domain. 
 

 
 

Fig. 4. Part of the signal before and after extremal filtration 
 

The solution is to replace the domain of the rise- and fall 

time after filtering by field of the signal that has been 

processed through fewer program iterations. So it is 

necessary to support an automatic searching for the rise- and 

fall times. The most logical solution is to use a derivative 

chart. But if you put the original signal and its derivative to 

the chart, it will be impossible to detect the domain of the 

sharp amplitude changes due to the high noise level. 

Therefore, the signal after nine iterations was used. The rise- 

and fall time domains are much more marked on it (Fig. 5). 
 

 
 

Fig. 5. A derivative of the signal after 9 iterations 

 

Next, using linear interpolation we replace the domains of 

the rise- and fall times after 10 iterations (Fig. 6). 
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Fig. 6. The filtered signal after linear interpolation 
 

 

It would be the best option to choose a signal with 

fragments after seven iterations. The use of signals after 

larger iterations will lead to a significant spatial resolution 

decrease (Fig. 7). To reduce the noise in the fields of the 

rise- and fall time of the signal, we use the averaging of 

series. The result for averaging of 20 signals after extremal 

filtration with the replacement of fragments by linear 

interpolation is shown in Fig. 7. 
 

 
 

Fig. 7. Averaging of 20 filtered series 
 

A significantly more series are required to achieve a 

similar result using classical methods. At the same time, 

extremal filtration does not contain complex mathematical 

calculations that will significantly reduce the system 

performance. This is an important factor for choosing the 

method for implementation in measurement systems. 

 

III. CONCLUSION 

The design of the fiber-optic sensors is a promising 

direction. Year by year there is a growing number of fields 

where fiber-optic sensor systems are replacing the classic 

electrical sensors. It is impossible to achieve maximum 

accuracy only by improving the hardware, especially when 

measurements involve signal processing with a low SNR. 

Extremal filtration is one technique that can be used in 

practice. It allows increasing the operation rate of the system 

due to a small number of series of the signal without 

complex mathematical operations. A similar EMD method 

loses out to extremal filtration in terms of operation rate due 

to the use of the spline interpolation. Method of averaging a 

set of signal loses in performance due to measurement 

thousands of signal sets and the absence of a rigorous 

mathematical justification for the result reliability.    
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