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Automatic Hypocenter Determination by the Analyzing System
for Precursors of Earthquakes

By
Sadaki Hori and Shozo Matsumura

National Research Center for Disaster Prevention, Japan

Abstract

The automatic hypocenter determination has been employed from October, 1986 as
one of the functions of the Analyzing System for Precursors of Earthquakes (APE), The
onset times of P and S waves are successfully detected by applying an autoregressive
process model (AR model) to the signal of a ground motion. A seismogram including both
a ground noise and a seismic wave signal is divided by three windows (a window for the
first model, a window for detection, and a window for the second model). The log-
likelihood function of the joint model is calculated for every sampling point in the window
for detection and the onset time is identified as a point where the function becomes a
maximum value. Two windows for the first model and second model are defined just
before and behind the window for detection. The window for detection of the P onset
time is set by the method of level judgement and prediction error filtering. In the level
judgement, ratio of short term average (STA) to long term average (LTA) of the ground
motion is monitored every second. Monitoring of the prediction residual has the merit of
keeping the window for detection from missetting in the case that the signal-to-noise ratio
is low. The window for detection of the S onset time is set referring the calculated S
arrival time obtained from fenfative hypocenter determination using only P arrival time
data. The width of the window for detection of S is varied keeping in mind that accuracy
of the calculated S arrival time may become worse as the hypocentral distance increases.
Detectabilitv of this automatic hypocenter determination is half of the routine {man-
machine) processing, but the obtained seismicity pattern is found to be well delineated.
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Fig. 2 Temporal change of the short term avarage STA (%) and prediction residual £
(k). Note that £ (k) saturates in this scale in the vicinity of P and S arrivals.
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<<30.0 1.00
30.0~ 50.0 1.25
50.0~100.0 1.50
100.0~200.0 2.00
200.0~-300.0 2.50
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