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measuring and processing AE waveforms —High speed digital recording
and automatic hypocenter determination— Bull. Geol. Surv. Japan, vol. 38
(6), p.295-303.

Abstract: A digital processing system for acoustic emission (AE) experiments
has been developed by employing a minicomputer. The system has functions of
multichannel digital recording of AE waveforms and automatic hypocenter
determination. AE signals detected by transducers are fed into a number of
transient-memory units, transmitted to the computer, and then stored in a high
speed hard disk. The hypocenter determination is carried out after the experi-
ment. GP-IB control of the transient-memory and FORTRAN 77 coding of the
measuring programs allow further change of the experimental design without
difficulty.

The automatic hypocenter determination process consists of two steps;
picking of P arrival time for each channel and calculation of the AE hypocenter.
The picking is performed by the method developed by Yokora et al. (1981), which
statistically divides a waveform into two stationary time series by using AIC
(Akaike’s information criterion). Validity of the arrival times are examined at
several stages of the calculation of the hypocenter in order to eliminate the
misread data automatically.

Availability of the system was tested through a triaxial compression
experiment of granite. 20 PZT transducers were used to observe AE waveforms.
In this case the waveform data amounts to 40 KB for a single event and the mask
time is about 1.5s for which the transient-memory is inaccessible to record AE
waveforms owing to the transmission of the data to the computer. This mask
time is short enough to apply the system to an experiment with relatively high
AE activity. It took only about 16 hours to calculate the hypocenters for about
2500 events. Hypocenters were determined for about 709% of the recorded events.
In order to examine reliability of the results from the automatic hypocenter
determination, arrival times and hypocenter locations for 100events were
compared with those determined manually. The differences of arrival times were
within 0.2 us for about 80% of the whole. Almost all the arrival time data
differing more than 1.5 us from those read by man were rejected during the
calculation of AE hypocenters. The distances between hypocenters determined by
manually and automatically were within 3 mm for over 90% of the located events.
From the result of this experiment, it is concluded that the system is practical
and may contribute to making more advanced studies on AE in a rock sample.
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Fig. 1 Block diagram of the measuring and processing system.

%

AE signals from PZT

transducers are fed into a number of transient-memory units operated by a minicom-

puter (ECLIPSE MYV 4000) through a GP-IB bus.

The waveform data temporarily

recorded in the transient-memory are transmitted to the computer and stored in a
high speed hard disk. The digital waveform data are processed for automatic
hypocenter determination by using this computer system.
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Fig. 2 Schematic illustration of the methods for onset
detection developed by Yokorta et al. (1981).
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Fig. 3 Procedure of the automatic P arrival time reading. The procedure consists of two

steps.

At first, MUPEO is applied to the entire waveform for the preliminary estima-

tion of arrival time and a time window is set up for the precise picking. Next,
MUPET and MUPEOQ are applied to the waveform in the window set up at the first
step. Among the three arrival times estimated above, the earliest one is adopted as a

data for hypocenter determination.

The minimum point of each AIC curve and the

estimated P onset are indicated by arrows.
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Fig. 4 Example of AE waveforms and result of the automatic P arrival time reading
(vertical bar). The shorter bars denote the data not used to determine the hypocenter.
This event was observed during a triaxial compression experiment (40 MPa confining
pressure) of granite by 20 PZT transducers (2 MHz longitudinal resonant frequency).
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Fig. 5 Differences between P arrival times

read manually (Tyax) and automa-
tically (Tayro). Arrival time data
for 84 events are plotted. Shaded
bars denote the data rejected during
the automatic hypocenter determina-
tion. The differences are within 0.2
us for about 80% of the whole, and
almost all the data differing more
than 1.5 s from those read manually
are not used to locate the hypocenter.
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hypocenters determined manually and
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Fig. 5.
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