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Abstract— A method has been developed to detect and pick-up
the first phase arrival in seismogram from the vertical
component by using two properties of the Akaike Information
Criterion (AIC) function in wavelet domain i. e. 1) the phase
arrival point belongs to global minima in the AIC function, and
2) the gradient of incremental after the phase arrival is larger
than that before. Present method has been tested on earthquake
waveform data with varying signal to noise ratio and different
selection window. Consideration of the additional property of the
AIC function in present method increase the performance and
outperform the presently available methods based on AIC
function, that uses property of AIC function having global
minimum at the phase arrival in seismogram.
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I. INTRODUCTION

Accurate detection and pick-up the phase arrival in
seismogram is importance for earthquake epicenter location,
source characterization, and also essential for other
applications such as passive seismic tomography [1]. The
identification of seismic phase is traditionally done by
experience seismologist. However in the era of digital when
volumes of data are available manual phase selection is
unreliable. Several methods have been proposed to detect
seismic phase using properties of the seismic signal in various
domain i. e. frequency, polarization [2-4], amplitude [5-11],
and in combination of these [12]. Some of the current method
includes artificial neural network [13-14], maximum
likelihood method [15-16], fuzzy logic [17], and
autoregressive technique [18-21].

The autoregressive technique also been used to detect the first
arrival in microseismic data [22-23] and first arrival time of
acoustic emission [24]. Autoregressive based technique use
Akaike Information Criterion (AIC) function which has been
proposed by two authors: Sleeman and Eck [19], and Maeda
[18]. Sleeman and Eck [19] used autoregressive model of a
fixed order while Maeda [18] consider seismogram itself in
calculate of the AIC function. Sleeman and Eck [19] decided
the order for the autoregressive model by trial and error
method.

In AIC based methods the AIC function is computed from part

of the seismogram selected by rectangular window. The AIC
function has minimum value at the point of phase arrival,
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which is used for phase detection and pick-up. Moreover, in
each windowed seismogram there will be a global minimum
irrespective to whether true phase arrival is present or not.
Moreover seismogram also includes noise with seismic signal
which affects the characteristic of AIC function. Zhang et al.,
[25] calculated AIC function into wavelet domain up-to three
levels and use the consistency of the global minimum as the P
phase arrival from the vertical component of ground motion.
In present method two properties of the AIC function have
been used in combination to detect and pick-up phase arrival
using AIC function in wavelet domain.

1. METHODOLOGY

Various techniques have been proposed to detect and pick-up
arrival time of important phases in the seismogram,
implemented on single and/or three components recording.
The method proposed in present study is an autoregressive
type, exploiting the characteristics of AIC function for the
phase detection. In AIC function the phase point belong to the
global minimum. Zhang et al., (2003) calculated AIC function
from windowed seismogram in wavelet domain up to three
levels (or scale) using method given by Maeda (1985). There
will be a global minim in each time window of the
seismogram weather phase arrival is present or not. Therefore,
in order to get true pick-up of the P wave/first phase arrival,
the selection of data window is important.

To overcome this problem, in the present method additional
property of AIC function has been used with property of
global minima at phase arrival. The two properties are: 1)
phase arrival belongs to the global minimum in AIC function
and, 2) incremental gradient in AIC after the global minimum
is larger than that before.

I1l.  AIC FUNCTION
In standard Autoregression (AR-AIC) technique, it is assumes
that seismogram can be divided into locally stationary
segments as an autoregressive process and intervals before and
after the onset are two different stationary processes Sleeman
and Eck [19]. And order of the AR model or its coefficient or
both change at data point when next section of the data is
distinct from the following section. AIC is generally used to
determine order of the autoregressive model when fitting with
time series data [26]. Two methods have been given to
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calculate AIC function by Sleeman and Eck [19] and by
Maeda [18]. Sleeman and Eck [19] considered fixed order of
autoregressive model to and the AIC function given as,

AIC(K) = (k—M)log(o7,,. ) + (N =M —k)log( 62, ) +C, )
where M is order of an Autoregressive (AR) process fitting the
data, C,, is constant, and O'lz‘mx and o*zz‘max are the variance

of the seismogram in the two intervals not explained by AR
process. The order of the AR process must be specified by
var is the variance. At the point belonging to the phase arrival
time variance for each of the two part of the seismogram will
be small therefore AIC function will have minimum value i.e.
the phase arrival time belong to the point at the global
minimum in AIC function. However each section of
seismogram will have global minimum therefore, it is
necessary to choose the time window for data which includes
phase arrival.

IV. PRESENT METHOD

In present method AIC function has been calculated from
windowed seismogram using the method given by Maeda [18]
described by (2). Since earthquake is abrupt release of stress
energy in form of acoustic wave, therefore on phase arrival,
amplitude increases in seismogram rapidly then decays slowly
with times. Part of the recorded waveform before phase arrival
and afterward are statistically distinct and variance of the two
parts is minimum. Therefore value of the AIC function is
minimum at the time of the phase arrival and increment after
the phase arrival is larger than that before.

In the present study two properties of the AIC function has
been used to detect the phase arrival in the seismogram i. e.1)
phase arrival belong to global minimum in AIC has and, 2)
increment after global minimum is steeper than that before.
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trial and error, and then AR coefficient can be determined by
the Yuke-Walker equations [27].

Maeda [18] calculates the AIC function directly from
seismogram, without using the AR coefficients and given as,

AIC (k) = k.log{var(x{L,K])]}+ (N —k —1).log{var(x{k + L, N])}  (2)
where, k ranges through the entire seismogram samples, and

V.  MAIN STEPS IN CALCULATION
Pre-processing
Preprocessing of waveform data includes two steps: i) the
instrument response correction, to remove the effect of the
seismograph, and ii) the baseline correction to make mean of
the seismogram at zero. Signal to noise ratio (SNR) is energy
of the signal with energy of the noise added.

Step 1: Select the part of seismogram using rectangular
window in time domain.

Step 2: Transform the windowed seismogram into wavelet
domain (Daubechies wavelet [28]).

Step3: Compute the Akaike Information Criterion (AIC)
function with the approximation coefficient of wavelet
transform at level 1.

Step 4: Gradient calculation: find the global minimum point in
AIC function computed in step 4. Compute the slope of the
gradient on both sides of global minimum with the data points
using one dimensional linear fit as given in Fig. 1.

Step 5: Decision making: if incremental gradient (the slope)
for the succeeding point is A (0.1 in the present study) greater
than that for preceding points, point associated in the global
minima of the AIC function belong to phase arrival time.
Gradient difference (Gd) 0.1 choose by hit and trial method,
however A is dependent on SNR of the signal. With lower
SNR the optimum value decreases, however very small value
may not be able to detect the absence of the phase in the
windowed seismogram.
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Fig. 1: Calculation of gradient at global minima in AIC function in wavelet domain at level 1. First row represent the approximate coefficient of windowed
seismogram at level 1. Second row is AIC function calculated from the approximate coefficient. Third row show the gradient on both sides of the global

VI. RESULTS AND DISCUSSION

Present method has been applied on vertical component of
strong ground motion data with varying signal to noise ratio
and different selection window and compared with other AIC
based method given by Zhang et al., [25]). | have used
rectangular window in time domain for selection of
seismogram. Random noise of different magnitude have been
added to the seismogram and given in term of signal to noise
ratio (SNR) in db. Both the method has been applied of two
waveform data from different region. In present method
gradient difference (A) value 0.1 has been used
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minimum.

Firstly, both the methods have been applied on windowed
seismogram including phase arrival in selected part of the
seismogram. Fig. [2A 2B] show the performance of the Zhang
et al., [25]) and present method respectively, applied on
waveform data from Japan earthquake of Magnitude Mw 5.0
in 2004 recorded at the station code FKSHO1 at an epicenter
distance of 94 km. As depicted in Fig. [2A 2B] both methods
correctly pick-up the phase arrival point in the signal having
signal to noise ratio (SNR) varying from 1.00 to 0.25 db (SNR
1.0 represent the observed seismogram before addition of
random noise).
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Fig. 2A. Detection of Phase arrival using global minimum in wavelet domain up-to three levels (Zhang et al,.
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[25]). First row represent the window selected part

of vertical component of seismogram. Second to fourth row represent AIC function from the approximate coefficient at level 1 to 3. Green dot is representing
correct picking of phase.
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Fig. 2B. Present method. First row is vertical component of seismogram. Second row the approximate coefficient in wavelet domain at level 1 of the windowed
seismogram which include phase. Third row is AIC function calculated from approximate coefficient at level 1. Green dot in figure is representing correct picking
of phase.

3, Zhang et al., [25] did not detect phase when it end of the
To test effect of phase position in windowed seismogram, both ~ window while the present method pick-up successfully.
the methods have been applied on same data (Japan
earthquake) with SNR 0.35 db having phase relatively close to
one end of the window as depicted in Fig. 3. As shown in Fig.
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Fig. 3. Effect of selection window on detection of phase arrival. (a) by method given by Zhang et al., [25]) (black vertical line represent the phase arrival), and (b)
by Present method (dot represent phase arrival time).

Fig. [4A 4B] showed that performance of the both algorithm Zhang et al. [25] method wrongly detect phase in seismogram

when part of the seismogram selected by the window does not ~ for signal with SNR 0.35 db, while present method did not

include the phase arrival. As it is depicted in Fig. [4A 4B] detect any phase arrival.
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Fig. 4A. Application of method by Zhang et al,. [25]). First row represent the window selected part of vertical component of seismogram. Second to fourth row
represent AIC function from the approximate coefficient at level 1 to 3. Red dot in figure is representing wrong picking of phase.
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Fig. 4B. Present method. First row is vertical component of seismogram. Second row the approximate coefficient in wavelet domain at level 1 of the windowed
seismogram which did not include phase. Third row is AIC function calculated from approximate coefficient at level 1.

Both the methods have been applied on other waveform data  arrival in signal with SNR 0.35 db while with SNR value 0.25
of Jammu-Kashmir and Himanchal Pradesh border earthquake only present method detect but accuracy decreases as depicted
of Magnitude Mw 5.8 in 2013 recorded at station code JMU at in Fig. [5A 5B].

epicenter distance 80 km. When part of seismogram selected

by window includes the phase arrival, both the present method

and Zhang et al., [25]) method detect and pick-up the phase
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Fig. 5A. Detection of Phase arrival using global minimum in wavelet domain up-to three levels (Zhang et al,.

[25]). First row represent the window selected part

of vertical component of the seismogram. Second to fourth row represent AIC function from approximate coefficient at level 1 to 3. Green dot in figure is
representing correct picking of phase.
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Fig. 5B. Present method. First row is vertical component of seismogram. Second row the approximate coefficient in wavelet domain at level 1 of the windowed
seismogram which include phase. Third row is AIC function calculated from approximate coefficient at level 1. Green/Yellow dots are representing
accurate/inaccurate picking of phase respectively.

In the case when part of the seismogram selected by window
did not include the phase arrival, present method correctly
failed to detect any phase for SNR to a minimum 0.35 while
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Zhang et al.,
seismogram as depicted in Fig. [6A 6B].

[25] method detecting phase arrival in
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Fig. 6A. Detection of Phase arrival using global minimum in wavelet domain up-to three levels (Zhang et al,. [25]). First row represent the window selected part
of vertical component of seismogram. Second to fourth row represent approximate coefficient at level 1 to 3. Red dot in figure is representing wrong picking of
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Fig. 6B. Present method. First row is vertical component of seismogram. Second row the approximate coefficient in wavelet domain at level 1 of the windowed
seismogram which did not include phase. Third row is AIC function calculated from approximate coefficient at level 1.

Comparing performance of both the method on strong ground
motion data from different region, it is observed that present
method is less sensitive to position of phase arrival in
windowed seismogram i. e. selection window, and
successfully detect and pick-up the phase arrival in signal
having signal to noise ratio greater than or equal to 0.35 db.
Moreover present method overcame the limitation of Zhang et
al., [25] method of having phase arrival in windowed
seismogram, and successfully reject when phase in not present
in the windowed seismogram.

The AIC based methods use global minima property of AIC
function at phase arrival. This is equivalent to applying the
magnitude of statistical variable (variance) in phase arrival
detection i. e. at the point of the phase arrival the two part of
the signal are statistical distinct and have minimum variance,
therefore has minimum value of AIC function at phase arrival.
Slope of increment (gradient) before and after phase arrival is
related to the trend characteristic of statistical variable i. e.
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variance increment after the phase arrival. In the present
method combining the two properties of AIC function is
equivalent to combining the magnitude and the trend
characteristic of the statistical variable; therefore improve the
performance of AIC function in detection and pick-up of the
phase arrival.

VII. CONCLUSION

Akaike Information Criterion (AIC) based method has been
given for detection and pick-up the first phase arrival in
seismogram using two characteristic of the AIC function
calculated from seismogram in wavelet domain i. e. phase
arrival time/point belong to global minimum in the AIC
function and incremental gradient after the minima is greater
than that before. Present method has been applied on strong
ground motion waveform data from earthquake in different
regions with varying signal to noise ratio (SNR) and selection
window, and the results are compared with other AIC based
method. It has been established that present method is less
sensitive with selection window and correctly pick-up the
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phase arrival for signal with SNR minimum up to 0.35 db.
Also the present method successfully rejects when windowed

seismogram did not include phase arrival. In present method [16]
combining the additional properties of the AIC function
improve the performance to detect and pick-up the phase  [17]
arrival in the windowed seismogram and outperform the
presently available AIC based method that use the global g
minimum property of the AIC function.
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