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Automatic Picking of Microearthquake P-wave Using Kurtosis Analysis
and Maximum Likelihood Analysis

Koji NaGano™ and Yusuke Iwamoto™

Abstract

An automatic detection algorithm of P-wave arrival time for a microearthquake is described. A function based on

normalized fourth-order cumulant, kurtosis, is used to detect both provisional P-wave arrival time and the end of microseismic

signal. The contrast function has the maximum value near the P-wave arrival time. After detection of the provisional P-wave

arrival time, maximum likelihood analysis is applied to evaluate residuals between microseismic signal and its AR model, which

is made based on the provisional P-wave arrival time. 100 of microseismic events are used to examine the performance of this

automatic detection. Errors of the automatic detection are within 3 ms in the 97 events. 3 ms is as long as a quarter of a period of

P-wave because dominant frequency of P-wave is 80 Hz

Keywords: microearthquake, automatic detection, higher-order statistics, kurtosis
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Fig 1. A typical waveform of a microearthquake.
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Fig 2. (a) The typical microearthquake. (b) The contrast gunction
¢ (n) using kurtosis. (¢) The distribution of the samples. As
the data-length increases. the distribution shows a pattern
which indicates the P-wave arrival.
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Fig. 3 (a) The typical microearthquake. (b) The contorast function
¢ () increases monotonously after themicroearthquake. (c)
The automatic picking is terminated when the monotonous
increase of ¢ (1) begins.
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Fig 4. (a) The typical microearthquake. (b) Typical patterns of
@ (n) . (c) The contrast function %{rn) has the maximum
value at the P-wave arrival.
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Fig. 5 Differences of the detected P-wave arrival time between by
the human analysis and by the automatic detected algorithm
using only ¢ (1). When a value detected by the autornatic
detection algorithm is after that detected by human,
difference is positive. One hundred seismic signals are
examined. A vertical component is only analyzed.
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Fig. 7 The time at which AIC is minimum is same when the order
of the AR model is more than 11.

e+ 28, 77U AV R EER, ARl
B CEIRET NV EIED T — & DK% D 5 BT,

Tz LB P EAAROBEREERES, BCE
BTN T - - B A HEE TR ORAERIREY, )
T fE o T2 BRRNTECHIV, P IO AN % BER T
75,

BEmIEDs (1981) T, (9 D AIC ZE/MNIT B 5%
Bl k & BEERET VORI gs BB LTz, Fig. 712,
WD 11 LLEIZRWTC, PIEANBEEITE THEIRE &
B XD AIC Db ERT, RRICA LA L HIT,
EHS 11 LAEORE, AIC 235 IMI72 2 REZNEZ DIREIT
BhoTE LY, DF0, PHEOANEL S BERHT
A7-0IT, AHTTHEBIZ LR NEED P % B OE
RETFNTET LT BEHE, 11 LV KRER BCERF
EFLOWEIILER, BEERETVOREIL, £
FIET BEBTD/NRT—ART LD E— 7 OFIZBEFR
T 5, —fRICHCERET VOREPEVGE/ ST —A
Ry M OB EE LSRR TE DRV H 5, — 5,

70 i T ]
604 -
504 i ‘ ]
401 ;! -

304 '; ]
20 o
104 i L

{

0

number of events

|

i

1 I
-0.02 -0.01 0 0.01 0.02
difference of P-wave arrival time between by human analysis
and by automatic detection algorithm (s)

Fig 8 Differences of the detected P-wave arrival time between by
the human analysis and by the automatic detection
algorithms using the combination of P(n)and ). The
hundred data same as that in Figure 5 are analyzed.
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microseismic source location by the travel-time-difference method

Fig. 9 PAD of the automatic detection algorithm of the P-wave.
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2. 10 When the three-component seismic measurement is
employed, the P-wave arrival time is automatically selected
in the three detected results based on the analysis of the
signal-to-noise ratio. The combination of P(m)and £ (n)is
used in the automatic detection algorithm. One hundred
seismic signals are examined by the automatic detection
algorithm. The result of the highest signal-to-noise ratio
component is automatically selected as the P-wave arrival
time in the three-components. The results with the highest
signal-to-noise ratio are plotted.
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Fig. 11 A relation between the signal-to-noise ratio and residuals
between ¥(n) +£ (n) for the 3C signal and the human
analysis. Absolute value of the residual is plotted.

Table. 1 Computer system for automatic detection of
P-wave arrivaltime.

specification
CPU Intel Celeron 800 MHz
Memory 192 M Byte
oS Vine Linux 2.6

Computing Environment  The MathWorks. Inc., MATLAB Release 13
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