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ABSTRACT

In this paper, we present a demodulation of Fabry-Perot pressure sensor method based on radial basis function
network(RBF). RBF network is a kind of three layers frontal feedback neural network with single connotative layer. It is
proved that RBF is able to approach random continuous function with random precision. The cavity length variation is
simulated from 473 to 483 um with the step of 0.5 um and the simulation result shows that the relative error of this new
method is less than 0.02% and the maximum absolute error is less than 0.1 um. The MEMS Fabry-Perot pressure sensor
is also demodulated by the experiment. In the experiment, we change the pressure from 0 to 2 MPa with the step of 0.1
MPa. The experimental result shows that its linearity of the cavity length versus pressure achieves 0.98858 and the
standard deviation between measured pressures and real pressures is less than 0.05 Mpa. By the experiment we can see
that, this RBF network method can obtain upper precision and can reach the practice demand. This new method adapts to

the practice demand with its higher resolution and less calculation time.
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1. INTRODUCTION

The characteristics of minitype, wide response frequency, high sensitivity, low cost, anti-jamming ability to adapt to
harsh environment which Fiber MEMS pressure sensors have, make it become the hot spot in optical sensor .In fiber
Fabry-Perot sensor system, demodulation technology is the key to achieving system. Signal demodulation is mainly
segmented into strength and wavelength demodulation. And wavelength demodulation is also segmented into a variety of

methods , such as tracking peaks, frequency Fourier transform, and the like.

Tracking peaks demodulation is tracking the peak in one or more specific intervention levels of interference spectrum
to achieve demodulation of cavity length. The advanced technology of tracking peaks demodulation are signal peak

measurement and bimodal measurement. Signal peak measurement has the advantage of high resolution, but in order to
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avoid fuzzy peak levels, its dynamic range is limited; bimodal measurement has the advantage of greater dynamic range
to achieve absolute measurement of cavity length, however, with low resolution. In this paper, a RBF neural
network-based peak tracking demodulation way is presented to avoid the illegbility of peak levels, tracking a number of

peaks continuously to achieve a large dynamic range of measurement.
2. PRINCIPLE OF RBF NETWORK

Radial basis function network is a structure of neural network put forward by J.Moody and C.Darken in later 1980s. It
is a three-layer feed-forward network which has single hidden layer. It is proved that the radial basis function network is
able to approach any continuous function with any precision. To achieve the same function, the neuron number of RBF

network is possibly more than BP network, however, necessary training time of RBF is less than BP.

Radial basis function network is a three-layer feed-forward network made up of input, hidden and output layer. Take

single output neuron as an example, hidden layer use radial basis function as activation function, which is commonly

Gaussian, as shown in Figure 1. The distance between weight vector @l i each hidden layer neurons connected with

input layer and enter vector X/ is multiplied by the threshold bl as their own input, as shown in Figure 2.

Fig.1 Structure of RBF network

Thereout the input of the ith hidden layer neuron is:

k! = fZ(wlﬁ —x;?)z xbl, (1)
J

The output is:

= exp(~(k")*) = exp( [ (w1, —x)? xb1,) = exp(~(|| wl, — X || xbL,)?) @)
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Fig.2 Input and output of hidden layer neuron of RBF network

The threshold of radial basis function bl can be used to regulate the sensitivity of the function, but actually another

parameter C is in common use. There are many methods to confirm the relation between bl and C. In the neural

network toolbox of MATLAB, the relationship is b1, =0.8326/C,, now the output of hidden layer neurons become:

[S (w1, —x')? x0.8326
[ _ 2 WL = X7
=exp(—0.8326 X(T) )

C

i i

g/ =exp 3)

Thereout the value of C actually reflect the output response width to the importation. The greater the value of C, the

wider the responding range of hidden layer neuron to enter vector, and the better the smoothness among neurons.

The input of the output layer is the sum of output of each hidden layer neurons. As activation function is pure linear

function, the output is:

=Y nxw, )

i=1

The training process of RBF network is segmented into two steps. The first step is leaning without teachers, to confirm
threshold between input layer and hidden layer @] for training. The second step is leaning with teachers, to confirm

threshold between hidden layer and output layer @2 for training. Before training, input vector X , corresponding target

vector 7' and expansion constant of RBF C are provided. The purpose of training is to strike the final weight @l , @2

and threshold b1, b2 between two layers.

During the process of training RBF network, to confirm the number of hidden layer neurons is the key point,
traditional method is to make it equal to the elements of input vector. It is clear that too many numbers of hidden layers

are unacceptable when there are a lot of input vector. Therefor we propose an improving method, the basic principle is
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that to start training from 0 neuron, and increase neurons automatically by examining the output error. Each cycle, make
the corresponding import vectors of the greatest error which the network create as the weight vector @], , resulting in a

new hidden layer neurons and then check the error of new network, repeat the process until reaching the required error
and maximum number of hidden layer neuron. This shows that the RBF network have characteristic of adaptive

determine structure, output and initial weight have nothing to do and so on.
3. RBFNETWORK BASED METHOD OF PROCESSING INTERFERENCE SPECTRUM

F-P pressure sensors can be similar to two-beam interference when reflectivity of the fiber end is low. The light

reflection can be expressed with formula as this:
4r
I./1,= 2R[1-cos(7L)] Q)

Thereinto R is the reflectivity of fiber end, I, is the light incident, L is the length of F-P cavity.

From the fomula can be seen that cavity length have something to do with light intensity and wavelength. Bring the
sensor to bear a stated pressure, optical spectrum analyzers can get a set of wavelength data corresponding with light
intensity. Change the pressure continuously, you can get many group of spectral data. The change of pressure result in the

change of cavity length. So demodulation of cavity length can be achieved from these spectral data.

Set up a RBF network and take eigenvalue of spectrum signal and corresponding cavity length as training set. Take all
the peak value as the eigenvalue, orientation of peak value is achieved by wavelet de-noising and least squares method.
Finally test the trained network, take a group of spectral data arbitrarily, the network can calculate the cavity length

automatically.

Interference signal in wavelength domain is not a band limited signals with limited frequency components. Finite
impulse response (FIR) low-pass filter is not suitable for achieving noise reduction. Wavelet transform is an effective

method to realize noise reduction of non-band-limited signals.

Process wavelet de-noising to spectrum signal. First choose a wavelet basis function, determine wavelet
decomposition level N and carry out N level wavelet decompose to signal. The useful interference signal is distributing
in low-frequency, while the noise is in high-frequency. To high frequency coefficient of every level got from wavelet
decomposition, apply certain statistical method to make sure a threshold. Select right rule, carry out resetting and
minishing properly to high frequency coefficient under threshold bounds. According to the Nth level low frequency
coefficient from wavelet decomposition and high frequency coefficient by threshold processing, use restructuring

algorithm to carry through restructuring and gain the signal after de-noising.
After wavelet de-noising, we get smooth normalization interference spectrum signal. First in effective spectrum band,

get maximum point of interference spectrum as estimation value of the peak through simple comparison. After

confirming the estimation value of the peak, to several points near the estimation, use least square fit to get a quadratic
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polynomial curve [ (ﬂ,) =a,+a,A+ a3/12 .Take the maximum point of the fitting polynomial curve as the exact

location of the peak.
4. EXPERIMENT AND RESULT

4.1 Experiment system

In order to test the feasibility of the algorithm, establish the experiment system shown in Figure 3. Wide light source
export from sensing analyzer Si720 pass through one end of 2:2 coupler and is joined with FP pressure sensors, and the
other end hang in the air. The reflected light is imported to Si720 through coupler. The spectrum of reflected light is
scanned by Si720 transport to PC through reticle. Then process the spectrum data by PC.

Fig.3 Experiment system

Over here FP pressure sensors adopt fiber MEMS pressure sensors developed by Opto-electronic Technology Key Lab

of Nanjing Normal University. The structure is shown in Figure 4.
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Fig.4 The sketch of optical fiber MEMS pressure sensor

The light enter into the sensor from a single-mode fiber, reflected in optical fiber-borosilicate glass, borosilicate
glass-the air cavity, air cavity-Al-media interface. Reflected light interfere each other, finally reflected to fiber is
interference signal of composite cavity which is made of borosilicate glass and air cavity. When the silicon film come in

for pressure, it have a deformation, which result in reduction of the length of Fabry-Perot cavity.

Using standard piston gauge to plus press to fiber MEMS pressure sensors, plus from 0MPa to 2MPa in an interval of

0.1MPa. In this way, sensing analyzer gain 21 group data, we carry through character distill to every group of spectrum.
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4.2 Simulation analysis

Get the first group of data, and carry through wavelet de-noising to it. Shown in Figure 5 and 6.
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Fig.5 Spectrum before wavelet de-noising
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Fig.6 Spectrum after wavelet de-noising

We can see that the spectrum is very smooth after wavelet de-noising, and without any obvious distortion compare to

the spectrum before de-noising.

Through simple comparison, find estimate value of the peak, to the few points nearby using least squares fitting, get a

fitting curve as follows, take extremum point of the curve as exact position of peak.
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Fig.7 Least squares fitting curve

Then, a group of spectrum data can get 30 peak value. 21 groups of data can get 21*30 array.

We take corresponding wavelength of peak value as the eigenvalue of every spectrum. A group of wavelength is
corresponding to a spectrum, namely corresponding to a cavity length. Use empirical formula to get a group of cavity
length. 30 wavelength and 1 cavity length make up of a group of input and output data. Choose 1-18 groups as training
set, and 19-21 groups as testing set. Use newrbe function to create a precise neural network, which function in creation

of RBF network, automatically select the number of hidden layer, making the error of 0.

In MATLAB, there is a RBF distribution density SPREAD, whose value impact on the forecast accuracy of network.
The greater the value of SPREAD, the smoother the function fitting. However, excessive SPREAD means an awful lot of
neurons to adapt to rapid changes of the function. If SPREAD is set too small, it means that many neurons is needed to
adapt to slow changes of the function, then the performance of designed network would not be very good. So in the
design process of network, we need to try different value of SPREAD to determine an optimum value. We take
SPREAD=0.1,0.2,0.3,0.4,0.5 to compute the forecast accuracy of network and found that when SPREAD=0.2, the

relative accuracy is highest.
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Fig.8 Error of different SPEARD Fig.9 Error when SPREAD=0.2

It is obvious from Figure 9 that forecast accuracy of RBF network is good. However, because of limited amount of
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data, the predict number is small. Expand the number of testing set, the forecast number will increase accordingly.

Demodulate peak of reflect spectrum under different pressure and calculate cavity length. Fit the pressure and cavity

length, shown in Figure 10. The fitting equation is: L = 485.2131—-6.21366 x P(ym) ,reached 0.98858 fit.
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Fig.10 Cavity length versus pressure

5. CONCLUSION

Analyze the principle of muli-peak measurement method based on RBF network, and achieve demodulation of cavity
length of sensor through experiment, to some extent resolve the problem of dynamic range and resolution, reducing the

amount of calculation.
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