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Abstract. In the mobile field strength test including road testing and so on, because of the complexity
of the city electromagnetic environment, the received field strength value is easy to be affected by
Fading and therefore the result is not accurate. In this paper, A Preprocessing Method for field
strength of electromagnetism spectrum monitor signal based on EMD(Empirical Mode
Decomposition) is proposed. It is aimed at the slow change characteristics of adjacent field strength in
the mobile field strength test. Through the adaptive decomposition of the field strength value series
by using EMD, it eliminates the fading and gets more accurate field strength value. The validity of the
method is demonstrated by simulation and experiment.

Introduction

The road test is a common method to test the wireless signal in the communication industry[1].
Through the test, the relevant data of the electromagnetic spectrum signal is collected along the
way|2]. It can accurately understand the field strength coverage and other information of the test area,
and used to support the reasonable planning and optimization of the electromagnetic environment[3].
ITU(International Telecommunication Union) is also proposed to monitor the field strength in path
measure to predict the regional field strength and so on[4]. In addition, the mobile monitoring can be
used to locate the radiation source in the area by the field strength fading model. In these applications,
the accuracy of the received field strength determines the test results[5]. The method proposed in this
paper is aimed at adaptive processing of the received field strength, and get more accurate field
strength values. Lay the foundation for the good results of mobile monitoring.

Processing Model

Today, the electromagnetic environment is becoming increasingly complex. In this environment,
the received signal strength will be affected by fast fading and slow fading. This effect leads to a large
deviation between the received field strength values and the actual field strength values. Among them,
the fast fading is the fast jitter of the signal, which is caused by the multipath effect. It is generally fits
Rayleigh distribution. Slow fading is the shadow fading, which is caused by the emission, absorption
and scattering of the obstacles[6]. It is generally fits Normal distribution. As shown in the figure 1:
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Figurel. Field Strength Fading

William C. Y. Lee proposed in the literature that the signal received by the mobile platform can
be expressed as the following formula:

r(x) =m(x) 7 () (1)
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Among them, x is the distance; r(x) is the receiving signal; 7o(%¥) is Rayleigh fading, which is fast
fading; m(x) is the local mean, which is the synthesis of slow fading and spatial transmission loss, and
it can be expressed as:

mix) ==[" oy (y) dy
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Among them, 2L is the average sampling interval length, also called the intrinsic length. William
C. Y. Lee pointed out that it can effectively achieve the purpose of eliminating the fast fading, when
the intrinsic length is 40 wavelengths, sampling 36- 50 sample points[7]. This is usually the
preprocessing method. However, due to the slow fading caused by terrain ups and downs, building
block and so on, there is still a big difference between the actual field strength and the received signal
strength.

By the formula, it can be seen that the field strength values of mobile monitoring are only related
to the propagation loss , when the fast fading and slow fading are eliminated, and the adjacent field
strength is slowly changed[8]. So the complex nonlinear components in the envelope of the received
field strength value can be considered as noise, then de-noise by the method. It can effectively remove
the fading, and the field strength value series has the higher credibility and availability.

In de-noising method, the commonly used fourier transform is only for stationary signals and it
is more practical when the spectral characteristics of the noise are different from the spectral
characteristics of the signal. The non-stationary signal is regarded as the superposition of a series of
short-time stationary signals by window fourier transform. It can be achieved by adding window and
moving window in time domain, but it lacks adaptability, and its resolution is single.

The wavelet transform overcomes the deficiency of constant window size of window Fourier
transform. It can be sensitive to the change of the signal. The multi - resolution can make the effective
components and noise in the non-stationary signal to be different characteristics. However, the
selection of wavelet base has a great effect on the de-noising, and the prior information is needed to
improve the de-noising effect. So the method based on wavelet transform can solve the problem, but
it is not adaptive[9].

In 1998, N. E. Huang et al proposed a non-stationary signal decomposition method: EMD[10]. It
decomposes the complex signal into a number of IMF in accordance with the frequency from high to
low. The difference between this method and wavelet analysis is that it is a posteriori, and it is not
necessary to select the basis function in advance. It is adaptive to produce a suitable mode function
according to the characteristics of the signal[11]. After the EMD decomposition, the IMF component
is arranged according to the frequency from high to low. According to this characteristic, to remove a
number of high-frequency IMF components and reconstruct the sequence with other components,
which equivalent to keep the slow changes in adjacent field strength value and eliminate the influence
of fast fading and slow fading.

Specific method of noise elimination: find the maximum value of the sequence * () and fit the
maximum envelope by interpolation; Similarly, find the minimum value of the sequence ** ) and fit
the minimum envelope by interpolation. The mean value of the upper and lower envelope is used as
the mean envelope of the sequence m(t) Then decompose the first Intr1n51c Mode Functlon ¢y (t) by
usmg the original time series ** ) minus the mean of the envelope™(t) | Using x(t) minus €:() | the
remaining value sequences are obtained:

x, () = x(t) — ¢, () (3)

Take *: () as a new "original sequence". Then repeat the above steps until the nth Intrinsic Mode
Function is extracted. The last remaining remainder is % (&) Therefore:

N N ey
x'(t) = cplt) +1,(E) (4)

The formula (4) is a series of field strength value after noise elimination. Decomposition process
as shown in Figure 2
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Figure2. EMD Decomposition Process

Method Verification

Verification by Simulation. Assuming the coordinate axis X from 0 to 1000, y from 0 to 1000 for the
monitoring area, the unit of the coordinates is m. There are a frequency sources, the frequency is
800MHz. The sources is located on the axis of A (500, 500), the power is 60dBm. The height of the
source is 30m. Receiving antenna height is 2m.
Assuming that the mobile monitoring system receives 10 sets of field strength data and
corresponding coordinate position information per second. Start to move and monitor from the
coordinates (0,1000) with uniform speed 10m/s. Move to the coordinates (1000,1000) along the
positive direction of the X axis, and then move to the coordinates (1000,0) along the negative
direction of the Y axis. A total of 2000 sets of field strength and coordinate position information can
be received, 1 sets of data per 1 meters. Using the Egli wave propagation model to simulate the field
strength value on the point of the moving path, and the received field strength sequence in different
position is imitated by simulation of the multipath fading noise and shadow slow fading noise.
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Figure3. Original Field Strength and Field Strength with Noise
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Through the Figure3, it can be seen that the received field strength value after fading
superposition is basically covered, and can not be used directly.

Using the field strength median method, wavelet de-noising and the EMD to preprocess the
received field strength series by fading superposition respectively.

The results of field strength median method are shown in Figure 4.
Field Strength Median Method
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It can be seen that the field strength median method removes some noise, but it still has a big
difference with the real field strength value.

Use wavelet Mallat algorithm for analysis in wavelet de-noising method. Through many
experiments, the dB5 wavelet for 7 level decomposition is chosen. Use the method of wavelet
de-noising method to deal with the field strength series, which treated by the field strength median
method. The result is shown in Figure 5.
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FigureS. The Results of Wavelet De-noising
It can be seen that the noise caused by the fading is basically eliminated. The available field
strength series are obtained.
Then, use the EMD to preprocess the field strength series. The result is shown in Figure 6.
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Figure6. The Results of EMD

The result shows that the field strength series after pretreatment by the EMD are basically
eliminated the noise, and it does not need to adjust the parameters in advance. After comparison, the
deviation mean between the field strength series after pretreatment and the original field strength
series is 0.721dBm, the standard deviation is 0.534

It can be seen that the EMD method proposed in this paper can be adaptive to eliminate the noise

caused by the fading, and the effect is good.
Verification by Experiments. Use two same frequency source to transmit 450MHz signal in the external
field. Use the mobile field strength monitoring system composed of USRP (Universal Software
Radio Peripheral), GPS and computer to receive and process signals. Among them, USRP is used as
the receiving device of the field strength, GPS is used as the equipment for measuring the position of
its own, and the computer is used to process and calculate the field strength data and position data
received. Preprocess the received field strength sequence by EMD, the results are shown in Figure 7:
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Figure7. The Original Field Strength and Preprocess based on EMD

Use the field strength sequences before and after processed respectively and location method
based on field strength for localization of source, the results are shown in Figure8 .
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Figure8. The Localization Results of Non Preprocessing and based on EMD

It can be seen in the same measurement data and the same locating method, the locating error
processed by EMD is smaller. This shows that the method proposed in this paper is more effective.

Conclusion

In this paper, we propose a preprocessing Method for field strength of electromagnetism
spectrum monitor signal based on EMD, which can be adaptive to eliminate the noise caused by fast
fading and slow fading. It can provide a great help for the further utilization of the measurement value,
because of a good reduction of the received field strength value. It has a significant application value.
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