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Abstract. Signal processing is one of the key technology of fiber grating sensor, noise interference
on signal transmission, influence of fiber grating sensor practical application effect, in order to
solve the noise problem of fiber grating sensing signal, design a denoising method of fiber grating
sensing signal based on improved contourlet transform. The acquisition of fiber grating sensing
signal firstly, and remove the unwanted signal, select the useful signal, then using contourlet
transform, by filtering the noise filter, finally through the concrete experiment to test the effect of
denoising. The results show that the improved contourlet transform can completely remove the fiber
Bragg grating sensing signals, and improve the quality of FBG sensor communication, and verify
the effectiveness of the proposed method.

Introduction

With the continuous development of optical communication technology, fiber grating sensing
technology obtained the unprecedented development of fiber Bragg grating sensor with strong
ability of resisting electromagnetic interference resistance to corrosion, high sensitivity, small body
Low cost advantages, has the incomparable advantages of traditional sensors, in the national
defense military aerospace and other fields has been widely used in [1-3] in the practical application
of fiber Bragg grating sensor and sensing signal is very susceptible to noise interference, the
measurement precision of the fiber Bragg grating sensor is affected, so to remove the noise of the
fiber Bragg grating sensor research has the vital significance.

At home and abroad in recent years, some studies mechanism of fiber Bragg grating sensor signal
denoising studies [7, 8], but the study also not enough in-depth the earliest using Fourier transform
to deal with the noise of the fiber Bragg grating sensor signal, in order to improve the quality of the
fiber Bragg grating sensor signals, but as a result of the Fourier transform of signal decomposition
scale is coarser, cannot effectively eliminate the noise of the fiber Bragg grating sensor signal [9-11]
In order to solve the limitations of Fourier transform, some scholars wavelet transform denoising
method was adopted to realize FBG sensing signal quality of ascension, the decomposition scale is
more detailed, more thoroughly remove noise, but the algorithm of wavelet threshold denoising
process, the threshold selection is critical, whether hard or soft threshold threshold was adopted to
realize, the current disagreed on threshold selection criteria, and the implementation process is very
complicated, not easy to operation.

Outline of the wavelet transform is a method of multi-scale decomposition can effective
denoising signal in noise, in order to solve the problem of the current fiber Bragg grating sensor
signal noise, design a fiber Bragg grating sensor based on contour wavelet transform signal
denoising method, the experimental results, improve the outline of the wavelet transform can
eliminate noise in the fiber Bragg grating sensor signals, won the high quality of the grating sensor
signal.
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Working Principle of Fiber Grating Sensing

Fiber Bragg grating sensor is a kind of wavelength modulated sensor. As the wavelength is a
constant, it is not affected by the optical fiber loss and energy of the light source, so its performance
is better than other types of fiber sensor. Its working principle is shown in figure 1.
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Figure 1. Working Principrle of Fiber Grating Sensing

appens, reflection wavelength will have corresponding change, so that we can according to the
detection wavelength to be the measured value of the fiber grating, such as temperature and

pressure center wavelength drift (A4) and the relationship between the longitudinal strain (A¢)
can be described as
Ady

=(1-P)Ae (1)

P= 1 x dn/de denotes the elastic modulus.
n

The relationship between the center wavelength drift (Ai) and temperature change (AT ) of the
FBG can be described as

A4
TB:(at _ég)AT 2

B

* Andfrespectively represent the coefficient of thermal expansion and the coefficient of
thermal light.

The relationship between the center wavelength drift (Aﬂ) and pressure change (AP) of the fiber
Bragg grating is
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Let E be the elastic modulus of the fiber Bragg grating, and the formula for calculating the
refractive index change of the fiber Bragg grating is

AL (1-2V)P

— = (4)
L E
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s = SE A-2v)(2p, + p11) ®)

In the process of fiber Bragg grating sensing, the refractive index is related to many factors,
especially the interference of noise is the biggest, which brings adverse effects to the measurement
results such as temperature and pressure. For this reason, contour transformation is introduced in
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this paper to carry out denoising processing on the fiber Bragg grating sensing signal, so as to
improve the measurement accuracy such as temperature and pressure.

The Method of Raster Sensing Signal Denoising by Contourlet Transform

Contourlet Transform

Aiming at the limitation of the wavelet transform, some scholars raised the outline of the wavelet
transform, this method can from two aspects of measure frequency, by the signal processing has a
certain direction, make the effective signal to concentrate for a signal containing noise, outline of
the wavelet transform of the original signal by base structure approaching, outline of the wavelet
transform at the same time also has a certain anisotropic characteristics through the Laplacian
pyramid to multi-scale decomposition of noise signal, find some of the specific signal and noise,
through the direction of the filter to filter noise operation, after denoising signal Firstly, the fiber
Bragg grating sensor signal is sampled and the low frequency information of the fiber Bragg grating
sensor signal is obtained. Then, the fiber Bragg grating sensor signal is sampled, and the high
frequency information of the fiber Bragg grating sensor signal is obtained. In figure 2, X represents
the fiber Bragg grating sensor signal, and H G is a low-pass filter.
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(a) Decomposition of fiber Bragg grating signals  (b) Reconstruction of fiber Bragg grating signals

Figure 2. Diagram of decomposition and reconstruction of fiber Bragg grating signals
The process of three-level directional subband division of direction filter is shown in figure 3.
The sub-bands of the upper level are sampled by resampling operator and the sampling results are
output.
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Figure3. Subband division of direction filter
The De-noising Principle of Fiber Bragg grating (FBG) Sensor in Contour Wave Transform
As the useful FBG sensor signal and noise show different characteristics in contour wave
transformation, the FBG sensor signal is transformed in different levels, and the noise in the FBG
sensor signal is removed according to the appropriate threshold value.

Set the original fiber Bragg grating sensor signal{g(x);x=l,2,---,N}

{f()=90)+N(x);x=1,2,---,N}

,Signal with noise fiber

grating sensor ,Where, the mean value of noise is 0, the

variance is @ 2, and the formula for calculating the standard deviation of each layer is

s Median(w (j))
0.5

w, (j) means the decomposition coefficient of the f (x) JTH layer.

(6)
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Selection of Threshold Value of Signal Denoising by Fiber Bragg Grating Sensor

There are many threshold selection methods for contour wave transformation. Due to the universal
and easy implementation of the Universe threshold method, this paper selects the Universe
threshold method to determine the threshold of the optical fiber grating sensor signal denoising, and
the high-frequency sub-band threshold of the Universe threshold method is determined as follows

TH(i) = (i)y21g(M (7)*N(j)) )
Where, M (j)*N(]j) represents the number of contour wave decomposition coefficients of ]

layer.

M (J)*N(]) ,the larger the size, the denoising threshold will set the high frequency coefficient of
the decomposition result of the fiber Bragg grating sensor to 0. In this way, a large number of useful
fiber Bragg grating sensor signals will be removed. Therefore, equation (7) will be corrected as
follows

iy= TH(])
TH())= . : (8)
IMG)*N())
The Process of Signal Denoising by Fiber Bragg Grating Sensor

Stepl: contour wave transform is performed on signal f(x) of fiber Bragg grating sensor with noise.
The coefficients of contour transform domain are as follows:

w=CT(f(x))=CT _f+CT _n 9)
Step2: according to the denoising rules, the contour transformation coefficient (W) of the original
image g(x) is obtained by applying the denoising rules to the original optical fiber grating sensor
signal w. The denoising rules are as follows:

W, if |w>TH(j)
0, if |w<TH(j)
Step3: perform contour wave reconstruction and transformation on the estimated value W of contour
wave transform coefficient, and obtain the signal of fiber Bragg grating sensing g'(x) after

de-noising.

(10)

g'(X)=CT'W (11)

Test and Analysis of The Denoising Effect of Fiber Bragg Grating Sensor

The Signal of Fiber Grating Sensor With Noise

In order to analyze the denoising effect of the fiber Bragg grating sensing signal of contour wave
transform, Matlab 2014 was used as the test platform to conduct the denoising experiment. The
signal of fiber grating sensore\évci)th noise is shown in figure 4.
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Figure4.The signal of fiber grating sensor with noise

Results and Analysis

The denoising effect of this paper.Contour wave transform is used to de-noising the signal-sensing
signal of the fiber Bragg grating containing noise in figure 4. The signal-sensing signal of the fiber
Bragg grating after de-noising is shown in figure 5. As can be seen from figure 5, contour wave
transform can remove the noise in the fiber Bragg grating sensing signal very well and improve the
quality of the fiber Bragg grating sensing signal. It is an effective method to remove noise from the
fiber Bragg grating sensing signal.
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Figure5.The denoising results of fiber Bragg grating sensor in contour wave transform

Performance Comparison with Current Classical Methods.In order to test the advantage of
contour wave transform in denoising, wavelet transform [16] and literature ™" were used for
comparison experiments, and peak signal to noise ratio (PSNR) and root mean square error
(MSE)™! were used to evaluate the result of signal de-noising of fiber Bragg grating sensor. PSNR
and MSE of fiber Bragg grating sensor after de-noising were shown in table 1. Can be seen from
table 1, the outline of the fiber Bragg grating sensor signals after wavelet transform denoising
PSNR, said fiber Bragg grating sensor signal quality is better, noise removal more thoroughly, and
contrast methods cannot completely eliminate the noise in the fiber Bragg grating sensor signals
effectively, the interferences with fiber Bragg grating sensor measurement accuracy, MSE is far less
than contrast method at the same time, said contour wavelet transform denoising results more stable,
and the method of denoising time is shorter, can satisfy the mass of fiber Bragg grating sensor
signal denoising practical application requirements.

Table 1 compares the performance of the classical raster sensing signal de-noising method

Denoising method PSNR MSE
The wavelet
transform 20.33 8.00
The literature[17] 22.19 7.72
Contour wave
transform 24.73 7.24

Summary

Serious impact on the quality of the fiber Bragg grating signal noise, its application scope and bring
certain actual application value of interference, in order to eliminate the adverse effect, was
proposed based on wavelet transform outline of fiber grating sensing signal denoising method,
according to outline the multi-scale wavelet transform and directional advantages, the fiber Bragg
grating sensor signal decomposition, found in the decomposition of the signal noise data, and
through the corresponding filter to remove noise, and through the inverse operation outline of the
wavelet transform denoising signal after refactoring, improves the signal-to-noise ratio of the fiber
Bragg grating sensor signals, and compared with other denoising method has carried on the
experiment. The contrast method can remove some useful signals while removing noise, while the
method in this paper may keep the useful signal as much as possible, and at the same time improve
the real-time performance of the fiber Bragg grating sensing signal.
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