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Abstract — In the research of elastic wave signal detection algorithm,
a method based on adaptive wavelet analysis and segmentation
threshold processing of the channel noise removal methods is suggest-
ed to overcome the effect of noise, which is produced by absorption
loss, scattering loss, reflection loss and multi-path effect during the
elastic wave in the transmission underground. The method helps to
realize extraction and recovery of weak signal of elastic wave from the
multi-path channel, and simulation study is carried out about wavelet
de-noising effects of the elastic wave and obtained satisfactory re-
sults.
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1 Introduction

Scientific and technical workers, both at home and
abroad are always interested in the research of exploring
and developing the application of wireless communication
system suited to mine. For half a century, the elastic wave
receivers in earth exploration also stayed in constant de-
velopment and perfection, with the rapid development of
electronic technology, computer technology, communica-
tion technology and the elastic wave earth exploration
technology. All sorts of effects to elastic wave propagating
in strata are referred to as “strata effect” . “Strata ef-
fect” which mainly includes wave-front diffusion, absorp-
tion effect, reflection and projection, influences the am-
plitude and frequency characteristics of the elastic wave
arriving at the surface of the earth and produces serious
interference to it. In order to achieve a high precision of
elastic wave reception, necessary measures should be taken
to restrain these interferences.

After the sending end of the through-the-earth com-
munications of elastic wave sends elastic wave signal, the
first arrived wave is the direct wave which spread directly
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from wave source to detector. Due to the shortest propa-
gation distance and strongest energy of direct wave, it can
make a sudden increase of the geophone output voltage.
After the direct wave, the voltage drops sharply. Geo-
phone output voltage will have a jump in the background
of decline, whenever an interface reflection wave arrives
at the detection point in the continuingly declining process
of detector voltage. It can be said that the general trend
of overall signal attenuation is caused by the wave-front
diffusion and absorption effect. But the ups and downs su-
perimposed in the whole attenuation curve are aroused by
arrival of all reflected waves from different surfaces. Us-
ing wavelet filter to process these random noises is a kind
of effective method to improve the accuracy of elastic
wave on receiving.

2 Fundamental of Wavelet Transform
(WT)

Wavelet analysis is an analytical method to signal in
time scales (time-frequency)>*'. If the signal which stays
for analysis is an energy-limited one-dimensional function,
its continuous wavelet transform is defined as

W, (a,b) =(f(z),¢,(x)) =

1 x—b
EJRf(I) sb(T)dr. (1)

In the formula, « is the scale factor, & is the translation

factor, is the normalized factor, the family of func-
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translation and expansion of the mother wavelet ().

Continuous wavelet transform expressed by the for-
mula (1) is often used in theoretical analysis. a = 2" is
called the scale parameter, witch indicates the frequency
width of the basic function of wavelet, and decides the
frequency information after signal conversion. b = »n2" is
called location parameter, which indicates the location of
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the basic function of wavelet, and decides the temporal
information after signal conversion.

The family of functions of the discrete wavelet usual-
ly used in practical application as follows can be obtained
by discretizing the family of functions of the continuous
wavelet ¢, (x) bya = 2" and b = n2".

Gpn(m,n) = 2 P27t —n). (2)

So the discrete orthogonal wavelet transform is

W, Gnan) = () i) =
[t =,

> ’ﬂ A8) 27" — n)de.

Using discrete orthogonal wavelet, then the signal
can be expressed dppr()leately with arbitrary precision as

() = L Z/ ) Cmyn))g, , (m,n). (4)

In order to reflect the characteristics of signals, it
requires both the outline characteristics and the detailed
features of signals. In various scales, the wavelet trans-
form is like a band-pass filter. By changing the scale fac-
tor m,, we can make the various scales above 7, corre-
sponding to low-pass filter group with different bandwidth
to extract basic characteristics. And we can make the var-
ious scales below m, corresponding to band-pass filter
group with different center frequency to approximate the
thinning characteristics and add details.

Measure signal S with length of 2" can be decomposed
in n layers by discrete wavelet transform to realize an
analysis with multi-resolution:

Assume
C)/I,II = W)I,H <7}/l’7l) =
<_£-(t)9¢))1,71(7ﬂ’n>> = (5>
J,wf(t) G (mym)dt
and
C,h. Zc,,, L h (L =2k), (6)
m n ZIDW l, lg(l Zk) (7)

In this formula, A (/) and g(1) are wavelet filter banks.
h(l) is a low-pass filter, while g(7) is a high-pass filter.
Formula for wavelet coefficients reconstructing

m 1,0 — E(/m /h(l 72/3) + Z m, /(’('}(l 72/3) (8)

The process of wavelet decomposmon and reconstruc-
tion with signal S can be shown as Fig. 1.

S<—>C > cle—C

NN NN

Fig.1 Wavelet decomposition and reconstruction process
In Fig. 1, —represents the wavelet decomposition,
<—represents signal reconstruction, C; is the part with fre-
quency no more than 2/, D, is the part with frequency
from2” to27"" .

3 The realization of wavelet de-noising in
through-the-earth system with elastic
wave

Nonlinear filtering can be realized with wavelet
transform according to the different characteristics of sig-
nal and noise. This method can improve SNR of the sys-
tem, and it has high time (position) resolution and not
sensitive to the form of signal. Therefore wavelet trans-
form is particularly suitable for the weak signal detection
in through-the-earth system with elastic wave®”', and tra-
ditional filtering methods are incomparable with it. The
process of threshold de-noising algorithm for the received
waveform of through-the-earth system with elastic wave is
shown as follows.

1) Take samples of the received signal f(z) with
noise to get (k) .

2) Chose a suitable wavelet function to do wavelet
decomposition of N layers with the signal, and get wavelet
coefficient w; in each scale.

3) Extract low-frequency wavelet coefficients and
high-frequency wavelet coefficients of each layer.

4) Select wavelet coefficients with soft threshold.

5) Do threshold processing with high-frequency
wavelet coefficient of each scale, and get estimated value
of wavelet coefficient w .

6) Make wavelet reconstruction using estimated value
of wavelet coefficient to get the de-noising signal f(%)
which is the estimated value of f(z) .

7) Does SNR meet the requirement? Yes, go to 2),
while No, going to the End.

3.1 The wavelet decomposition of elastic wave in
receiving end

Due to the in-homogeneity of the earth medium and
the particularity of the elastic wave propagation, elastic
wave will be decayed by many factors, such as wave-front
diffusion, dielectric absorption and transmission loss. That
makes the received elastic wave signals contain both steady
signals and noises, also contain non-stationary signals and
noises changing along with time. Therefore, we adopt
adaptive wavelet algorithm to do wavelet decomposition,
according to partial characteristics of the signal and adap-
tively selecting wavelet analysis function. Choose a wave-
let and confirm N as layers of wavelet decomposition,
then we do N layers wavelet decomposition with the sig-
nal.

The specific realizing process is: Setting the initial
conditions for data 8., , = y(z,)/ v n, and then making
filtering processing with orthogonal mirror filter, getting
wavelet coefficients with noise ;7 = j4,7,,°**,J; £ = 0,1,

-2 —1.
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3.2 The threshold processing with high frequency
coefficients of elastic wave wavelet decompo-
sition

Choose a threshold for each layer to make threshold
processing with the coefficients from the first layer to the
N layer. There are two kinds of processing methods: Set
W for the wavelet coefficients, W, is wavelet coefficient
after imposing the threshold, and A is the threshold.

1) Soft threshold. When the absolute value of wave-
let coefficients is less than the given threshold, make it to
0, and while it is more than the threshold, make it to sub-
tract the threshold, that is

w — |[sien(W]0 W= 2), W=

tolo, | W< .

9)

2) Hard threshold: when the absolute value of wave-
let coefficients is less than the given threshold, make it to
0, and when it is more than the threshold, keep its con-
stant, that is

w, | W=
Wi = 1o, | W< . (10)

From the perspective of minimum norm errors, hard
threshold processing method is better than the soft thresh-
old. But the estimating signals obtained form hard thresh-
old processing will usually have many oscillations out of
expectation, and they do not have the same smoothness
with the original signal. Considering that the estimated
signal = obtained by adopting soft threshold processing
methods is equally smooth with the original signal = , and
compared with the original signal =,z does not generate
additional oscillation. Adopt the soft threshold processing
method with optimal estimation under the reduced condi-
tion to estimate the signals in elastic wave de-noising and
extraction of through the earth communication in a per-
mitted error range.

In the choice of de-noising threshold, we choose dif-
ferent thresholds for different wavelet functions. And the
thresholds adopted are related to the scales of different
layers. The specific realizing process is:

1) Calculate the initial threshold respectively in every
signal section

ty(i) = o+/2InN. (11)

2) Among them, o is the strength of noise, N is de-
composing layers.

3) The threshold of level j,z;(i) = @ 't,(i), when
a =0.5and it has a good performance. And j is the stage
number of wavelet decomposition.

Use the soft threshold processing function sign
(W)(|W|=1;(i)), to do data processing. And calcu-
lateas a; , the estimate of wavelet coefficient w; , , accord-
ing to the floating threshold ¢, (7).

3.3 One-dimensional wavelet reconstruction with
elastic wave

Do wavelet reconstruction with one-dimension elastic
wave signals according to low-frequency coefficient of the
N layer of elastic wave wavelet decomposition and the
high frequency coefficients from the first layer to the N
layer after threshold processing. The specific realizing
process is making all the wavelet coefficients o;, = 0,
when j > J. Then do inverse wavelet transformation and
reconfiguration to recover the sub-carrier signal /().

4 Simulation analysis

This paper adopts Blocks, one of the MATLAB
6.5 simulation signals superimposed with Gaussian white
noise, to simulate elastic wave transmitting through the
earth channel. The total leogth of data is 2 100, and the
signal being to processing is shown in Fig.2. The Gaussian
white noise used to simulate the additive noise in earth
channel is evenly distributed in the range of [ —1,1]. And
use Dbl wavelet function to process. The largest scale of
wavelet transform is N =3. Make adaptive wavelet analy-
sis and threshold processing with the received elastic wave
signal shown in Fig.2. And the recovered elastic wave sig-
nal is shown in Fig. 3.
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Fig.2 Irregular square-wave signal with white noise
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Fig.3 De-noising results using sub-adaptive wavelet and sub-threshold

The analysis of wavelet de-noising simulation results
about the received waveform in through-the-earth system
with elastic wave. From Fig.3, we can conclude that us-
ing variable threshold de-noising and adjusting the thresh-



Vol. 1

Yin-jing GUO, Jun YANG, Wei-tao MU, et al 169

old according to the noise variance in each layer of wave-
let decomposition, the additive noises of earth channel are
almost completely eliminated. The waveform of elastic
wave after reconstruction retains a curve profile with
sharp steep change as original signal. These two charac-
teristics overcome the shortcoming of de-noising process-
ing simply with fixed thresholds. And it achieved the ef-
fect of squelch processing about received waveform of
through-the-earth system with elastic wave.

5 Conclusion

In through-the-earth communication system with
elastic wave, the “strata effect” of earth channel produces
serious interference to the transmission of elastic wave. In
order to receive the elastic wave with high-precision, we
did wavelet filtering processing with these noises. In order
to improve the SNR and receiving sensitivity, we adopted
wavelet analysis method which has a better performance
and is particularly suitable for weak signal detection to ex-
tract the signals transmitted through the earth, on the ba-
sis of the introduction of the basic principle of wavelet
transform. This paper mainly used an earth channel de-
noising method based on adaptive segmented wavelet anal-
ysis and segmented threshold processing including wavelet
decomposition of elastic wave, threshold processing with
high frequency coefficients of elastic wavelet decomposi-
tion and one-dimensional wavelet reconstruction for elastic
wave, etc. as the procedure. Finally, we did simulation
with wavelet de-noising effects of the elastic wave and ob-
tained satisfactory results.
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