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INTRODUCTION

Continuous seismic activity

monitoring is one the
methods used to detect
nuclear explosions. Due to
the large amount of
recorded data, an
automatic classification

task is mandatory. In this
study we have proposed a
straightforward approach.
The later is evaluated using
four event classes.
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METHODS/DATA

The proposed approach is
based on the so-called
cross-correlation function.
Two variants of this method
are presented. The former
is used in the time domain
and the later requires time-
frequency domain.
The performance of this
approach is examined
using volcano data
composed of four classes.
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RESULTS

The method achieves a

global accuracy of 59,7% in
time domain and 92,48% in
time-frequency domain
using the four classes of
the database.

When excluding the TC
class, we obtain a global
accuracy of 86,3% in time
domain and 96.53% in the
time-frequency domain.
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CONCLUSION

The obtained results
showed that the proposed
approach can achieve high
performance, particularly in
time-frequency domain. In
this study, the method was
tested on a volcano data.

Nevertheless, we are
confident that the method

can reach high
performance in any other
types of classes.
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Among the most efficient methods used to survey continuously active volcanoes is monitoring its seismic
activity.
The main goals of this monitoring are:

e Studying the behavior of the active volcano in order to understand different physical processes
occurring inside it (explosions, rock fracturing, degasification, magmatic intrusion, eruptions,
pressurization, and depressurization).

e Launching an early alarm when an eruption is about to take place

To achieve this goal, numerous seismic stations are deployed around the volcano, forming a seismic
network. Every station transmits its recorded signal to a central observatory where they are retrieved,
classified and stored for subsequent analysis and processing.

The classification task of volcano seismic events can be achieved using different methods. Some of them Please do

not use this
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use more sophisticated techniques. code wil be
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In this work, we propose an easy and straightforward method to classify volcano seismic events using
the cross-correlation function in time and time-frequency domains.
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The main objective of this work is developing a classification approach for seismic signal

classification using the cross-correlation function in time and time-frequency domains. Indeed, &

an automatic classification task becomes nowadays necessary due to the large amount of data
recorded on a daily basis. This task can significantly help scientists and especially data seismic
analysts to classify their databases to a predetermined number of classes depending on the
diversity o_f the physical sources generatln_g them. N |
The goal is to develop an easy and straightforward method, avoiding the complex processing

steps generally needed in many other proposed methods in the literature.
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Time Domain

To estimate the degree of similarity between two signals
u(t) and v(t), we use the Maximum Normalized Cross-
Correlation (MNCC) function defined below :

MNCC,, = max (|Ry, (k)|)
VRuu (0OR,,,(0)

R, /(K) is the cross-correlation function of the sampled
signals u(m) and v(m) deduced from the continuous
signals u(t) and v(t), respectively. It is defined as :

N

1
Ryp(k) = = > u(m)v(m — )

m=1

N is the number of samples in the signal.
R,.(0) is the autocorrelation of the signal u(m).

Methods

Time-Frequency domain

In this domain, we perform a 2D cross-correlation using the
spectrogram U(n,p) of the signal u(m) :

N 2

U(n,p) = Z u(m)w(m — n) e~12mrm

m=1

W(m-n) is a time-sliding Hamming window with a length of N/4,
centered on discrete time n and normalized to unit energy.

N
1
Ryy(k,p) = NZU("' p)V(n—k,p)
n=1

We then calculate the average in each row of the obtained cross-
correlation matrix corresponding to frequency bins M :

M
1
Ryy (k) = MZ Ryy (k,p)
p=1
We finally calculate the MNCC for the two spectrograms U and V :

max (|RUV(k)|)
JRyu(0)Ryy (0)

MNCCUV -
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To evaluate the performance of the proposed approach, we have used a dataset of the Llaima volcano located in
Chile. These data are composed of vertical component of the LAV station (marked by a red triangle in the image on

the right) of the OVDAS (Observatorio Vulcanologico de los Andes Sur) seismic monitoring network.

* Recording period : between 2010 and 2016. = i = ,
Zl )
rs r ,

=
« Sampling frequency : 100 Hz. SILL
(_osEcrives )
v . | /
(_conctusion ]

* Frequency range : 1 and 10 Hz (Filtered with a numerical 10" orderss.z-s

Butterworth bandpass).

* Normalization : maximum value.
« Data classes : Long Period (LP), Tremor (TR), Volcano-Tectonic (VT),
and Tectonic (TC).
38.8°S
Class LP TR VT TC
nf,'tej‘iﬁf‘g‘?;
Number iggcee\}vﬁ| be
y 1310 | 490 304 | 1488 automatcally
of events E
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Total of 3592 events in the database S A—— e T 71.7
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To clearly present the results, the obtained
MNCC; values are presented in a squared
and symmetrical matrix (Figure on the
right), where the index i and | correspond to
the MNCC value between events i and |.

As shown by the colorbar, events that are
perfectly correlated (MNCC = 1) are
indicated by brown color. These events
should be in the same class. whereas
uncorrelated events (MNCC = 0) are
presented in a blue color. These events
should be in different classes.

Results
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v
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overlayed
In each class, we extract the most correlated The obtained models are then used to classify

event with all the others to represent the class any new event
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The classification of seismic events is the first processing step before any further analysis. The
use of cross correlation function is one of the simplest but also quite efficient approach especially in time-
frequency domain. The principal results of this study are summarized below :

» In time domain :
e The tectonic events (TC) are not well identified by this method. A global accuracy of about 60%
was reached using the four classes.
e Excluding the TC events improves the global accuracy to 86,3%.

> In time-frequency domain :
e The classification task is significantly improved compared to time domain. The method allows the
classification of all types of events in the seismic database including the TC class.
e \We have obtained a global accuracy reaching 92,48% using all classes of the database, and
96.53% if the TC class is excluded.
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