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National Research Center for Disaster Prevention, Tokyo

Abstract

The present report describes a method of automatic determination of arrival
times of P and S waves, the maximum amplitude, and the duration time of the
earthquake, by means of computer.

Assuming that the power spectra of the time series of background noises
are stationary, when the non-stationary state continues for more than a preset
time, the data is judged to contain an arriving seismic wave. Whether the time
series are stationary or not, the judgement is based on the power spectra esti-
mated by fitting an autoregressive model to the time series.

Since an envelope of the seismic record is approximately expressed by the
incomplete integral of the absolute value of the seismic wave, a rapid change of
the gradient of the incomplete integral indicates an arriving P-wave. To decide
the specific point indicating P arrival, the pattern matching is carried out between
this incomplete integral and the connected segment which consists of two or
three segments. The turning-point between the P arrival and the maximum
point of this incomplete integral is taken as the arrival point of S-wave. A pattern
matching similar to that of P arrival was used to determine such a turning-point.

The present method was tested for the observation of micro-earthquakes at
the deep borehole observatory, the Iwatsuki Crustal Activity Observatory near
Tokyo. The difference between the calculated arrival time of P-wave and that
by eve inspection on the record of the pen recorder is less than +0.2 sec for 15
among 25 earthquakes arbitrarily selected.

The present method is, however, not satisfactory at the present stage for the

relatively small-amplitude seismic wave.
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Table 1 Comparison ol the calculated arrival time of P wave, S-P time and duration
time with those by eye inspection on the record

1974 3 1974 a
0 H M S S-P AMAX F-P O H M S S-P AMAX F-P
26 22 02 27 .4 - 80. 111 28 47 .4 5.0 33.
27 .4 4.8 = B0. 47 .4 5.1 26 20.
26 22 29 03.8 i3.4 g7. 111 33 50.8 6.1 40.
03.8 i4.6 470 100. 49.2 7.6 75 16.
26 23 32 57.7 6.5 45, 112 31 05.4 4.8 36.
58.0 8.0 70 20. 04.7 5.4 66 25.
27 00 02 21.0 17.4 70. 118 28 03.9 (12.7) 38,
21.0 18.4 60 60. 03.6 12.5 115 24.
27 05 08 55.3 6.8 71. V17 27 35.2 10.9 82,
55.1 7.0 160 30. 34.4 11.6 83 50.
27 07 16 19.2 10.4 80. 1 22 09 04.8 = 73
8.6 - 210 &e. 0a.6 i5.1 110 B0.
27 G303 12.6 13.7 5. | 2310 50.6 17.1 69.
12.8 3.4 160 138, s0.5 17.1 234 60.
27 10 44 04.9 1.3 46. 1 23 25 58.9 B.7 47 .
04.4 12.0 100 40. 59.0 7.4 110 25.
27 11 06 i3.0 (11.1] §3. 200 46 22.3 3.3 37 -
1.8 0.0 70 40. 22.3 3.1 178 18.
27 11 54 36.4 4.2 25.
3B.4 0 3.1 100 4.
27 12 04 16.9 - 39.
6.8 7.5 160 24.
27 15 14 26,4 1G.1 8l .
26.3 10.2 * 70.
27 15 22 27.3 3.1 29
273 B = X5
27 17 40 05.0 - 122.
0s5.2 - + 100.
27 18 04 53.8 B Y Bi.
53.8 7.2 - 50.
27 18 46 44.2 94 ,
44,2 = B0.
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