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Abstract

Seismic events involves a lot of data, so these are to be subjected to signal
processing techniques in order to obtain better estimates for analysing the seismic
signals. Yule-Walker method always produces a stable model for spectral
estimation. By processing the synthetic signal using various signal analysis
methods along with Yule-Walker method and additionally the tonal frequency of
the signal is analysed.
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1. INTRODUCTION

Study of seismic data helps in developing a warning system for
prediction of earthquakes. When an earthquake occurs, seismic waves
move on the surface of the earth. After the occurrence of earthquake,
different kinds of waves are released, out of all these waves P and S
waves penetrate deeper into the surface of the earth and are merely
sufficient to study the mechanism of earthquakes. [2]. The change in
behaviour of animals a few days before the occurrence of earthquake
also enables us to predict the earthquake. [3]. Change in the content of
precursors in ionosphere prior to earthquake occurrence also can be
analysed for earthquake prediction [11].

The non-parametric methods are limited by the reason that they
are not designed to integrate data that is made available regarding the
process into the estimation procedure. In some applications especially
where little knowledge is available about how the data samples are
produced. Therefore one would hope that if it was possible to use a
model for processing directly into spectrum estimation algorithm,
outcome of a more accurate and higher resolution estimates to be
obtained [1]. This may easily be done by using parametric approach to
spectrum estimation.

Among all the parametric methods that estimate PSD, Yule-
Walker is the most commonly used one [8]. The autoregressive (AR)
parameters are computed by estimation of autocorrelation function,
solving the error of forward prediction in the sense of least square
prediction. In autoregressive methods the signal’s amplitude at a
specified interval is formed by adding up the various amplitudes of
previous signals along with the error of estimation. [10].

In this analysis, Yule-Walker method which i1s one of the
parametric method for estimation of PSD is used. The Yule-Walker
method as well as other parametric methods perform spectral
estimation for data records .Even though the Yule-Walker method
applies window to data, it always produces a stable model.

Seismic signal spectral analysis using Yule-Walker method may be
used a method for developing a prior earthquake prediction system.
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The section-2 of this paper, discusses in detail of the Yule-Walker
method mathematical modelling and the section-3 describes and
presents the simulation and results of seismic data analysis Yule
walker method

2. MATHEMATICAL MODELLING

The parametric is based on making use of a model for the
process so that to obtain the power spectrum estimation [4]. For e.g.,
if x(n) is the path order auto regressive process, then x(n)’s
measured values may be used to estimate the parameters of all pole

N n

model,a, and these,a,(k) which are model parameters estimated
may in turn be used in power spectrum estimation as following.

An Auto regressive spectrum estimate process can be considered as
output of all pole filter that is carried forward by unit white noise.

where T, (k) is related by filter coefficients b, (k) using the Yule-Walker

equation.

r, (k) =q§k:bq(1+ k)bg(1): k=0, 1, 2....., q (1)

i=0

With r,(-k) =r,*(k) and r,(k)=0for |k|>q
The power spectrum of path-order AR process is,
2
p(e") = —— 12O @)
|1+ > ap(k)e ™ |*
k=1

Thus, if b (o) and a,(k) can be estimated using the data, then an

estimate formed can be represented
using,

P o (€)= X () = Y ra()e ™ ®)

n

If ap(k)and bq(q) are the model parameters of spectrum
estimate would be

243



International Journal of Pure and Applied Mathematics

Special Issue

n

g )
| > ba(k)e ™ [?

p, (™) =—="~ (4)
|1+ > ap(k)e ™ |°
k=1
The AR coefficients are obtained by solving the matrix,
X T R ) SR A (> B [ I
@ ) Q... r(p-1|ad 0
@2 r@ 0. r(p-2)]a@|=¢,0 ®)
(@ rp-) r(p-2).. @O Ja,(p) 10
Where,
N-1-K *
rx(k)zi Z x(n+k)x (n) )
N n=0
) k=0, 1, ......... , P
Solving the above matrix,
p
| b(0)* = g, =r.(0)+ Zap ®r, (k) (7
k=1
A variation used to find the unbiased estimate,
n N-1-k
k) =2 3 x(n+ k)X (n) 8)
N - k n=0
s k=0, 1,.....,p

3.SIMULATION AND RESULTS

Stepl: The signals used for analysis in this work are obtained from
synthetic data taken from [9] in which 33 traces are recorded and
divided into 1500 samples at a sampling frequency of 0.002s 1is
collected with the help of a geophone by using explosives placed at
about 100feet under the surface of the earth. The synthetic signal is
shown in Fig.1.

Step2: The power spectral density estimate obtained from synthetic
seismic is represented in Fig.2.
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Step3: The raw seismic signal taken from shot 13 in the book seismic
data [9] can be observed in Fig.3, represented using sample number vs
amplitude of the signal

Step4: In order to remove bias of the seismic signal, the raw seismic
signal is detrended and shown in Fig.4.

Stepb: The spectral estimate of raw seismic signal using Yule-Walker
method is represented in Fig.5, by using normalized frequency and
power spectrum density in dB representation.

Step6: The frequency range of the synthetic signal is between 15 and
60 Hz. The realized spectrum of finite impulse response band pass
filter is shown in Fig.6.

Step7: The filtered signal is obtained from FIR band pass filter
application 1s represented in Fig.7, using sample number vs
magnitude of the signal representation.

Step8: The fast Fourier transform spectrum seismic estimate after BPF
is shown in Fig.8. It is represented in normalized frequency vs.
magnitude representation.

f, :L:SOOHZ a)=ﬁ=0.11347z
0.002 .
We get the total frequency, =5—(2)O*0.1134 therefore, f =28.35 Hz if

f, =500

Step 9: The signal spectral analysis after band pass filter using the
parametric, Yule-Walker method is represented in Fig.9.
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Fig.9.After BPF sig spectral analysis Using Yule-Walker.

4. CONCLUSION

The synthetic seismic signal which is collected from geophone
and subjected to adequate amounts of signal processing and
implemented using Yule-Walker method. The results are obtained and
analysed. These results may be set as reference and it can be used as
possibility in developing prior warning system for earthquake
prediction.
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