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Abstract 
The accuracy of temperature measurement is often reduced due to random 
noise in Raman-based distributed temperature sensor (RDTS). A noise re-
duction method based on a nonlinear filter is thus proposed in this paper. 
Compared with the temperature demodulation results of raw signals, the 
proposed method in this paper can reduce the average maximum deviation of 
temperature measurement results from 4.1˚C to 1.2˚C at 40.0˚C, 50.0˚C and 
60.0˚C. And the proposed method in this paper can improve the accuracy of 
temperature measurement of Raman-based distributed temperature sensor 
better than the commonly used wavelet transform-based method. The advan-
tages of the proposed method in improving the accuracy of temperature 
measurement for Raman-based distributed temperature sensor are quantita-
tively reflected in the maximum deviation and root mean square error of 
temperature measurement results. Therefore, this paper proposes an effective 
and feasible method to improve the accuracy of temperature measurement 
results for Raman-based distributed temperature sensor. 
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1. Introduction 

Raman-based distributed temperature sensor is widely used in power grid mon-
itoring [1], mine safety monitoring [2], nuclear environmental safety monitoring 
[3] and other fields due to its strong resistance to electromagnetic and radiative 
interference and excellent distributed measurement capability. 

The accuracy of temperature measurement of RDTS is susceptible to the in-

How to cite this paper: Wang, X., Liu, T. 
and Wang, H.-H.  (2019) Research on Noise 
Reduction Approach of Raman-Based Distri-
buted Temperature Sensor Based on Nonli-
near Filter. Open Journal of Applied Sciences, 
9, 631-639. 
https://doi.org/10.4236/ojapps.2019.98051 
 
Received: July 16, 2019 
Accepted: August 12, 2019 
Published: August 15, 2019 
 
Copyright © 2019 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

http://www.scirp.org/journal/ojapps
https://doi.org/10.4236/ojapps.2019.98051
http://www.scirp.org
https://doi.org/10.4236/ojapps.2019.98051
http://creativecommons.org/licenses/by/4.0/


X. Wang et al. 
 

 

DOI: 10.4236/ojapps.2019.98051 632 Open Journal of Applied Sciences 
 

herent loss of the sensing optical fiber and the random noise generated by dif-
ferent noise sources. The excessively high random noise greatly reduces the ac-
curacy of temperature measurement of RDTS. In order to reduce the adverse ef-
fects of random noise on the accuracy of temperature measurement of RDTS, 
the researchers improved the signal-to-noise ratio (SNR) of the sensing signals 
by changing the hardware structure of RDTS [4] [5] or using digital signal 
processing algorithms [6] [7] and digital image processing algorithms [8] [9] to 
process the sensing signals. In these three different ways, the way to change the 
hardware structure is complicated and costly. In comparison, it is more flexible 
and economical to use digital signal processing algorithms to improve the SNR 
of the sensing signals. The digital image processing algorithm is used to improve 
the SNR of the sensing signal, which takes a lot of computation time and re-
quires a high hardware configuration of the computer. In contrast, the use of 
digital signal processing algorithms to improve the SNR of the sensing signal 
requires less computation time and requires less hardware configuration for the 
computer. 

In the research of using digital signal processing algorithms to improve the 
measurement accuracy of fiber-optics sensors, it is common to use wavelet 
transform (WT) algorithm to filter out random noise [6]. However, the WT al-
gorithm is easy to cause distortion of the temperature abrupt regions of RDTS 
while filtering out noise, and the effect of improving the measurement accuracy 
of the sensor is limited. In order to try to reduce this adverse effect, this paper 
proposes a noise reduction approach for RDTS based on nonlinear filter, which 
can filter out random noise more effectively and improve the accuracy of tem-
perature measurement of RDTS. 

2. Principles 
2.1. Raman-Based Temperature Sensing Principle 

In Raman-based distributed fiber-optics temperature sensor, the semiconductor 
laser injects a certain power light pulse into the sensing fiber under the control 
of the synchronization pulse. Then, the temperature-modulated Raman back-
scattered light passes through the wavelength division multiplexer (WDM) to 
separate Stokes light and anti-Stokes light. And the two optical signals are con-
verted into an electrical signal by Avalanche Photo Diode (APD) [10]. Finally, 
the temperature distribution information carried in the signal is demodulated by 
the data collected by the data acquisition (DAQ) card. 

The intensity of Stokes light is one order of magnitude higher than the inten-
sity of anti-Stokes light, and the sensitivity of these two lights to temperature is 
different. Anti-Stokes light is more sensitive to temperature changes, and Stokes 
light is often used as a reference for demodulating anti-Stokes light, which can 
effectively eliminate the effects of source jitter, fiber bending, and other factors. 
The ratio of the intensity of the anti-Stokes light to the intensity of the Stokes 
light has the following relationship with temperature [10]: 
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where asI  and sI  are the intensity of anti-Stocks light and Stocks light, re-
spectively; asv  and sv  are the frequency of anti-Stocks light and Stocks light, 
respectively; h  is the Planck constant, 346.626 10 J sh −= × ⋅ ; c  is the speed of 
light in a vacuum, 83 10 m sc = × ; γ∆  is the number of waves; T  is absolute 
temperature; Bk  is the Boltzmann constant, 23 11.38 10 J KBk − −= × ⋅ . 

2.2. Noise Reduction Method Based on Median Filtering for RDTS 

The median filtering algorithm (MF) is a nonlinear filtering method [11] [12], 
which is widely used in image denoising [13], one-dimensional signal processing 
[14] and other fields. The basic principle of median filtering is to suppress the 
noise in the signal by replacing the value of each element in the digital signal se-
quence with the median of the element values in one of its neighborhood win-
dow. For noise in a signal, its value tends to be greater or less than the value of 
the normal component of the signal. A suitable length neighborhood window 
allows more noise components to be replaced by the normal components of the 
signal in its neighborhood. For the one-dimensional fiber-optics sensing signal 
sequence kx , after the median filtering process, the denoised sequence my  can 
be expressed as [11] [12] 
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where n is the length of the neighborhood window. The process of processing 
the raw sensing signal by MF is as shown in Figure 1.  

The selection of the appropriate window length is very important for the im-
provement of the accuracy of the MF algorithm to the measurement results of 
RDTS. In order to quantitatively evaluate the improvement effect of the different 
methods on the accuracy of the measurement results of RDTS, we measure the 
accuracy of the measurement results by the maximum deviation (MD) and the 
root mean square error (RMSE) [7]. The MD is expressed as  

max 1,2, ,
iobs actT TD iM N= − =                 (3) 

where 
iobsT  are the observed temperatures of the temperature abrupt zone 

measured by RDTS; actT  is the actual temperature of the temperature abrupt 
zone measured by the mercury thermometer; N  is the number of effective 
measurements of the temperature abrupt zone. The RMSE is expressed as  
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3. Experimental Setup 

The experimental device is shown in Figure 2. The temperature of the constant  
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Figure 1. Flow chart for processing the raw sensing signal by MF. 

 

 
Figure 2. Experimental device diagram. 

 
temperature water bath is set to 40.0˚C, 50.0˚C, and 60.0˚C, respectively. And 
the length of the sensing fiber placed in the constant temperature water bath (the 
length of the three hot zones) is 15 m, 20 m, and 30 m, respectively. The spacing 
between the hot zones is set to 15 m and 20 m, respectively. The sampling fre-
quency of the data acquisition card is set to 100 MHz, and the number of time 
domain traces averaging is set to 10,000. The data processing software is 
MATLAB 2017a, Windows 10 Professional 64-bit, and the computer is confi-
gured as Intel i5-4200M, 2.5 GHz, 4 GB RAM, and 256 GB SSD. 
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4. Results and Discussion 
4.1. Overall Effect of Noise Reduction 

The temperature information carried by the anti-Stokes signal and the Stokes 
signal obtained by the above experiment is demodulated by Equation (1), and 
the demodulation result of the raw data is shown in Figure 3. Before using Equ-
ation (1) to demodulate the temperature information, the median filtering algo-
rithm of different length neighborhood windows, wavelet hard threshold me-
thod (WT-Hard), and wavelet soft threshold method (WT-Soft) are used to de-
noise the raw data. The demodulation results of these denoised signals are 
shown in Figure 4 and Figure 5. 

As shown in Figure 3, the temperature information of the raw data processed 
without denoising algorithm is interspersed with more interference information 
caused by noise, which greatly reduces the accuracy of the temperature mea-
surement results of RDTS. The accuracy of the temperature measurement results 
of the signals denoised by the median filtering algorithm is greatly improved, as 
shown in Figure 4. 

Specifically, the average maximum deviation of the temperature measurement 
results of the signals denoised by the median filtering algorithm with a window 
length of 10 (10-MF) is reduced from 4.1˚C to 2.6˚C at 40˚C, 50˚C, and 60˚C. 
The average maximum deviation of the temperature measurement results of the 
signals denoised by the median filtering algorithm with a window length of 15 
(15-MF) is slightly increased from 4.1˚C to 4.4˚C at 40˚C, 50˚C, and 60˚C. The 
average maximum deviation of the temperature measurement results of the signals 
denoised by the median filtering algorithm with a window length of 20 (20-MF) is 
slightly increased from 4.1˚C to 1.4˚C at 40˚C, 50˚C, and 60˚C. The average  
 

 
Figure 3. Temperature curve with raw data. 
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Figure 4. Temperature curve with MF. (a) Temperature curve with 10-MF; (b) Temperature curve with 
15-MF; (c) Temperature curve with 20-MF; (d) Temperature curve with 25-MF. 

 

 
Figure 5. Temperature curve with WT. (a) Temperature curve with WT-Hard; (b) Temperature curve 
with WT-Soft. 

 
maximum deviation of the temperature measurement results of the signals de-
noised by the median filtering algorithm with a window length of 25 (25-MF) is 
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slightly increased from 4.1˚C to 1.2˚C at 40˚C, 50˚C, and 60˚C. 
As shown in Figure 4 and Figure 5, compared with the wavelet threshold 

method commonly used to improve the signal-to-noise ratio of fiber-optics sen-
sor, the median filtering algorithm with appropriate window length can better 
improve the accuracy of temperature measurement of RDTS. The WT-Hard and 
WT-Soft make the edge of the abrupt temperature region appear distortion 
which is not present in the demodulation result of Raw data. These distortions 
greatly reduce the accuracy of temperature measurement. 

4.2. Evaluation of Noise Reduction Effect 
4.2.1. Maximum Deviation (MD) 
The maximum deviation of the temperature measurement is calculated by Equa-
tion (3). As shown in Figure 6, the MF with appropriate window length (such as 
20-MF, 25-MF) is better than WT-Hard and WT-Soft in the MD of temperature 
measurement results. WT-Hard and WT-Soft cause distortion at the edges of 
temperature-mutation regions so that they are not as good as Raw data in terms 
of the MD of temperature measurements. 

4.2.2. Root Mean Square Error (RMSE) 
The root mean square error of the temperature measurement is calculated by 
Equation (4). As shown in Figure 7, compared to WT-Hard and WT-Soft, the 
MF can better reduce the RMSE of temperature measurements. Especially after 
choosing the appropriate window length (such as 20-MF, 25-MF), the improve-
ment effect is far better than the improvement effect brought by WT-Hard and 
WT-Soft. WT-Hard and WT-Soft cause the distortion of the edge of the temper-
ature-mutation region so that the improvement effect they brought is not signif-
icant, especially WT-Hard, which has a slight improvement effect. 

 

 
Figure 6. Maximum deviation. 
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Figure 7. Root mean square error. 

5. Conclusion 

Aiming at the problem of the adverse effect of random noise on temperature 
measurement accuracy in RDTS, we propose a noise reduction method based on 
nonlinear filtering of median filter to improve the accuracy of temperature 
measurement of RDTS. Compared with the demodulation results of Raw data, 
the method proposed in this paper can greatly improve the accuracy of temper-
ature measurement of RDTS. Compared with the commonly used WT method, 
the method proposed in this paper can better improve the accuracy of tempera-
ture measurement of RDTS. The method proposed in this paper is better at both 
the maximum deviation and RMSE of temperature measurement results of 
RDTS, especially the median algorithm after selecting the appropriate window 
length. Therefore, this paper proposes an effective and available method to im-
prove the accuracy of temperature measurement of RDTS. We think that further 
research on noise adaptive nonlinear filtering algorithms may provide a poten-
tial solution to the problem of how to select the appropriate window length for 
the RDTS sensing signals with different SNR. 
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