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Automatic classification of earthquake sources is necessary to understand the day to day activity in
the regions of high seismicity (high seismic activity) zones. Himalaya is formed due to the conti-
nent-continent collision and still it is in the deformation stage. The complex geotectonic setup
along with neo-tectonic activity in the region predetermines existence of different types of the
earthquake source mechanisms in Himalaya. The improved event detection and location of a re-
gional network can be achieved by developing and incorporating new concept for seismic data
analysis.

We present a new method for reliable characterization of seismic sources using local seis-
mic events, which can be useful for automatic classification of local seismic records. Spectral fea-
tures of the seismic records and the parameterized attributes of their waveform have been used to
classify the seismic records in NW Himalaya. The approach is based on automatic classification of
three-component seismic records through Donoho—Johnstone wavelet shrinkage level as an infor-
mative indicator.
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Introduction

The regions of high seismic activity have the large set of seismic records recorded at
different seismic stations of the seismic array. The analysis of these records take time and the
classification of these records on the basis of seismic sources, the types of source characteri-
zation and the distance between source and the recording station is a big problem. This prob-
lem can be solved if the classification is done automatically using three component waveform
seismic records. This classification is possible on the basis of spectral analysis, pattern recog-
nition, syntactical procedures etc [Chen, 1982].

During current study, we have used the wavelet shrinkage method of Donoho-—
Johnstone [1994] to characterize the pattern of seismic records. The methodology is used to
automatically classify the seismic records of Kangra region of Western part of Himalaya.

Geotectonic information and seismic data

Himalaya is the largest and youngest mountain range in the Central Asia formed due to
the continent-continent collision. Geologically the western part of Himalaya comprises the
rock types from Palaeoproterozoic to the Quaternary age with high degree of deformation
and complex composition due to collision. Mainly the region can be divided into four zones
with different geological setup. Tectonically the region is very complex containing thrust
faults, normal faults and strike-slip faults. We have analyzed three-component seismic re-
cords of 407 small energy earthquakes obtained from the local networks in Western part of
Himalaya (199 records with 100 Hz sampling rate and 208 — with 20 Hz sampling rate) with
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a purpose to split them into a number of clusters (groups) which follows from properties of
their waveforms.

Description of method

Let Z(¢t) be a three-component seismic record which contains the record of seismic

event, ¢ is a discrete time index, numerating the successive samples. The method of data proc-
essing could be presented as the following sequence of points:
1. Coming to principal components Z(¢) — P(¢) by calculating covariance matrix of in-

itial three-component data Z(¢) and projecting then onto its normalized eigenvectors.

2. Seeking for the P-wave onset time moment 7, using the 1* principal component
).

3. Extracting Q(¢) — the main three-component part of S-waveform within some vicin-
ity of maximum modulus amplitude time moment of the 1* principal component P(¢).

4. Seeking for the best orthogonal wavelet basis [Daubechies, 1992; Mallat, 1998] for
each component Q,(¢) using coherent basis thresholding method [Berger et al., 1994; Mallat,

1998]. The vocabulary of tested wavelets consists of 17 basic functions: 10 usual Daubechies
wavelets with number of vanishing moments from 1 to 10 and 7 symlets with number of van-
ishing moments from 4 to 10.

Thus, each main S-waveform component Q,(¢) is characterized by some number m; of

vanishing moments for the best wavelet. The value of m; could vary from I to 10 (one van-
ishing moment means Haar's wavelet) and describes the degree of smoothness of the S-
waveform component Q,(¢) .

5. Having a sufficiently large set of three-component seismic records from different
sources and at different stations we can obtain the correspondent set of m; values. Thus, it is
possible to calculate the histograms N;(m), m =1,...,10 — the number of cases when m, =m.

The local maximums of N,(m) with respect to m could extract different types of sources.

The main interest should be applied to the histogram of the 1* principal component Q,(¢) as

the most informative.

Below we give the descriptions of each point except the 1% one — just because of its
simplicity and give some results of applications. It should be mentioned first of all that some
initial seismic data contains rather intensive low-frequency components which should be sup-
pressed before the classification procedure. For this purpose we perform direct orthogonal
wavelet transform of records using Daub04 wavelet (2 vanishing moments), setting to zero all
wavelet coefficients above some maximum working detail level ¢, and making an inverse

wavelet transform. We use the value «,,, =4 what means that we retain variation with scales

from 2A¢ up to 32A¢ where At is the sampling time interval.
Seeking for P-wave onset time. Let P(t) be the 1* principal component. For detecting

P-wave onset time moment we have applied STA/LTA method. Let L be the length of “long”
moving time window and S be the length of “short” time window which compose the most

left-hand part of the long time window. We have taken the values L=8-2%="" §=1/8.
Let us compute sample estimates o, (r) and o;(r) of variance within long and short time

windows in dependence on their common right-hand time moment 7 . For stationary behavior
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of the signal P(¢) the ratio r(r)=0o:(r)/o;(r) ~1. When short moving time window came

across the event this ratio became increase. Thus, the P-wave onset time moment could be de-
fined as the first time moment when r(7) > y >1=> 7 =7,. The value of the parameter y con-

trols the sensitivity and reliability of the detector. The usual values of y = 4.
Extracting the main S-waveform. Let us consider the behavior of F,(¢) on the time in-
terval 7,+ M where M is some sufficiently large number of samples which a priory covers

time interval of S-wave observation. For our data we have taken M=2400 samples with 20 Hz
sampling rate. Let & be the time moment corresponding to maximum of |F(¢z)| for

T, <t<rt,+M.Let & bethe minimum value of time moments for which the value of | B(¢) |
exceeds a 75%-quantile of | B(¢)|-distribution for 7, <t<7,+M and &, — the maximum

value of such time moments.
Let us calculate ¢, =max (&, & —8-2%=) | ¢ =min (&,, & +8-2=*") | The main

part of S-waveform Q(¢) presents three principal components for time moments ¢ <t <t, .
Seeking the best wavelet for each component Q (1), j=1, 2, 3. The method of coherent

basis thresholding is described in details in [Berger et al., 1994; Mallat, 1998], see also Ap-
pendix. In the paper [Lyubushin et al., 2004] it was applied for classification of the set of
three-component seismic records of weak mine events in Silesian coal basin, Czech Repub-
lic. The method is iterative. Each iteration consists of seeking the best wavelet within given
vocabulary from minimum entropy of squared wavelet coefficients distribution; setting to
zero all “sufficiently large” (by absolute values) wavelet coefficients (the threshold for de-
fining “large” coefficients is calculated from asymptotical distribution of large values for
Gaussian white noise) and performing the inverse wavelet transform — calculating a so
called residual signal. These iterations are continuing till the moment when neither one
wavelet coefficient would not be “sufficiently large” — this means that the whole residual
signal is the noise from the point of view of all basis functions from given vocabulary. The
last best wavelet which was found before this final iteration from minimum of entropy of
residual signal considered to be the best for initial signal.

After determining the best wavelet for each component of main S-waveform Q,(¢) we

know their values of m; — number of vanishing moments or degree of smoothness. Thus, we
are able to calculate histograms N, (m), m=1,...,10 which are the main tools for classifying

seismic events waveforms.
Analysis of results

The main result of the application the method to three-component seismic records is
presented on Fig. 1. We can notice that the number of vanishing moments forms three clusters
with maximums at 5, 8 and 10 moments (Fig. 1(a), 1** and 2™ principal components). The
similar result is for classification of 100 Hz seismic records of swarm at Fig. 1(b) although
maximum of 5 vanishing moments migrated to 4.

Fig. 2 presents waveforms of S-waves for most typical records with 20 Hz sampling rate
for all three principal components. We have taken the records for which all three components
have the same number of vanishing moments (this is typical also). We can see the really dif-
ferent smoothness of signals, corresponding to histogram peaks at Fig. 1.
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Fig. 1. Histograms of distribution of seismic events principal components waveforms in dependence
on their degree of smoothness. @ — results for classification of 370 three-component seismic records,
20 Hz sampling interval; b — results for classification of 208 three-component seismic records during
earthquake swarm 02—05 March 2005
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Fig. 2. Waveforms of S-waves after coming to 20 Hz sampling rate for the most typical records having
number of vanishing moments equal to 10 (a), 8 (b) and 5 (c) for all three principal components. The
duration of presented fragments is the same and equals to 340 samples
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Conclusion

The result of occurring three stable clusters of waveform types could be connected with
many factors such as combination of focal mechanisms and conditions of propagation. Just
because the number of clusters equals to three, we propose that the peaks of histograms at Fig.
1 could be due to three main types of source mechanisms: strike-slip and normal displacement
as the most typical sliding motions on discontinuities in a fault and pull-apart movement. To
confirm this hypothesis or propose another, one needs detailed information about source
mechanisms.

Appendix: Method for seeking the best orthogonal wavelet

Let B={g,n=1.,N}={g,(t),nt=1..,N} — a set of real orthonormal
N-dimensional vectors which form (as columns) a matrix of discrete wavelet transform of
N-dimensional data vectors (usually N =2").

Let Z be an N-dimensional vector with initial time series; Y be the working buffer for
time series processing. The method could be presented as the sequence of following opera-
tions (numbered points).

Point 1. Initialization: ¥ = Z.

Point 2. Perform wavelet transform of Y for the number of permissible bases and find
wavelet basis B from the condition C(Y,B) — mBin .

Here:
N
C(Y,B)= _Z R1(Y) _ln(Pn(Y))
n=1

— entropy of distribution of squared wavelet coefficients:
2

2 U 2
P = dSY)/Hdm , d(Y)H =>la™f .
Point 3. For the current wavelet basis find M = M (Y, B) from the condition:
2
d) L 2In(N - M)
i Ptk -~ (N-M)
k=M+1 N
where d;kz ', k=1, ..., N is the sequence of wavelet coefficient sorted in the order of decreas-

ing of their absolute values: || d,ﬁkz ) |1>|d ,ﬁkz )1 | (the 1*" member is the wavelet coefficient with the

maximum absolute value).
Point4. If M=0, then exit,

else Y =R"Y ; go to the point 2.

Let
M N
R'Y=Y-3dV g, =3 d g,
k=1 ! ! k=M +1 ‘ ‘

be the residual after removing the first M absolute values maximum wavelet coefficients.
The decision rule in the point 3 is based on the following fact from asymptotic distribu-
tion of independent Gaussian random values:

if  B(1)~ N(0,1)=> lim Pr{lr?%w(gf / 1B < 2lznvN } =1.
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METO/JI KJIACCU®UKAIIMU TPEXKOMIIOHEHTHBIX
CEMCMHUYECKHX 3AIIUCEA
HA OCHOBE BEUBJIET-AHAJIU3A

A.A. JlioGymun', B.P. Apopa’, H. Kymap®

" Unemumym gusuxu 3emmu um. O.FO. Hmuoma PAH, 2. Mockea, Poccus
2 Hnemumym zeonoeuu I'imanaes um. Baoua, Jexpadyn, Hnous

AHHOTAIMA. ABTOMaTHYCCKas KJIaCCU(DUKAIMS UCTOYHUKOB CCHCMUYECKUX COOBITHIA SIBIISICTCS OIEpPAIHei, He-
00XOAMMOM I MOHWMAHHS MPHPOIBI CEHCMHYECKOTO IpoIlecca B PETHMOHAX €r0 BBICOKOH HHTEHCHBHOCTH.
Hwke B KayecTBe TAaKOro pernoHa paccMarpuBaroTcs [ MManan, KOTOpbIe 00pa30BaIUCh B PE3yJILTATE CTOJIKHO-
BEHHSI KOHTHMHEHTOB U celyac Haxo4ATCAa B CTaAu UHTCHCUBHBIX Zle(l)OpMaIlI/lOHHLIX IMpOLECCOB. Bbosbiioe pas-
HOOOpa3ue TEKTOHUYECKUX YCIOBUN B ATOM PETHOHE BIICUET 32 COOON HAJIMYHE PA3JIUYHBIX THUIIBI MEXaHU3MOB
HUCTOYHUKOB CEHCMHUYECKUX COOBITHIA.

[ponemypsl aBTOMaTHYECKON KIIACCH(HUKAIINN CEHCMIYECKUX 3allUCeld ISl PETHOHANBHBIX CETEH MOTYT
OBITh MOAM(DUIIMPOBAHEI M YIIYYIICHBI ITyTEM MPUMEHEHUS HOBBIX KOHIICIIIIUI TEOpUH CHTHANIOB. Hinke mpea-
CTaBIIeH OJIMH W3 HOBBIX METOJIOB, KOTOPHIH MOXKET OBITh MOJIE3CeH A KiIacCH()UKAIIUH JIOKANBHBIX COOBITHH 1
OCHOBAH Ha IMapaMeTPU3alUH CIEKTPAILHBIX CBOWCTB TPEXKOMITOHEHTHBIX BOJTHOBBIX ()OPM MCTOYHUKOB Ha Ce-
Bepo-3amaje [ mManaeB ¢ MCIONB30BaHUEM B KadyecTBe WH(POPMATHBHOW XapaKTEPUCTUKN BEHBIIETHOTO MOPOTa
cxatus JoHoxo—/[»KOHCTOHA [l ONTUMAaIbHOTO OPTOTOHAJILHOTO BEMBIIeTa.

KaioueBble ci10Ba: TPEXKOMIOHEHTHBIE CEHCMHUYECKUE 3aITUCH, KIIACCU(HUKAIHS, BEHBIICTHI.
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