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A DIGITAL STRONG MOTION SEISMOGRAPH SYSTEM UTILIZING
MAGNETIC BUBBLE MEMORY

By Junpe: AKAMATSU

Synopsis

A digital strong motion seismograph system (SMS) is designed making use of a non-volatile,
solid-state magnetic bubble memory (MBM) for recording medium during strong earthquake motion.
After the strong motion or relief of earthquake damage the data in MBM are read and recorded on
digital cassette magnetic tape (CMT). Signal processing algorithm including event triggering,
selection of sample rate and data compression for economy of memory area, and data acquisition
process for CMT are implimented by a microprocessor Z-80, with use of analog filtering technique
and hard logic circuits. In case of power stoppage the system is supported with a battery, charged
by a thermo-controlled charger.

Three events of Hyuganada earthquake swarm occuring in March 1982 were recorded with the
SMS system installed at Miyazaki Crustal Deformation Observatory.
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Fig. 1. Vibration test for comparison of the sensitive and non-sensitive (normal) direction
of seismometers. / and 1 denote the simultaneous records of seismometers set in
the parallel and normal direction of oscilation. ~As a result, S/N ratio of seismo-
meter from non-sensitive direction noise is thought to be about 50 db.
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Fig. 2. Block diagram of the SMS system. A non-volatile, solid-state MBM is utilized
for recording medium during the strong earthquake motion. ~After the motion or
relief of damage the data in MBM are read and sent to CMT. Signal processing
algorithm and system control functions are executed by a processor Z-80, utilizing
analog filtering technique and hard logic circuit.
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Fig. 3. Software flow chart of the SMS system. The data logging routine services
data acquisition and filing of events in the MBM system. The electronics
and software functions are controlled analyzing the control data on the 0 page
of MBM that are updated checking the state of the functional equipments.
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Fig. 4. Method for economy of memory area with compression of 12 bits data to 10 bits
ones. T and G denote serial time code bit and gain bit, respectively.
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Fig. 5 Transfer function of digital filtering operation as alias-filter for 50 Hz sample rate.
/fs1 and fy; denote clocked sampling frequency (100 Hz) and Nyquist one, that
are reduced to fs2 and fye by software logic based on the hard logic (TRG. 2).
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Fig. 6. Frequency characteristics of each

element and total recoding channel.
Upper: 1—seismometer (5 mV/gal,
£=12) figured in the velocity scale,
2—pre-amplifier with integral char-
acteristics (r=10 sec), 3—alias-filter,
4—high pass filter for trigger and
sample rate logic. Lower: overall
response in velocity scale, 1—100 Hz

sample rate, 2—50 Hz one.
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Table 1.

Specification of the SMS system.

Analog In

3ch. ADC: 12 bits, sample rate: 100 Hz (50 Hz)

dynamic recording range 66 db, (max+5.5 kine)

resolution
Digital In
Analog Out
Delay Time
Recording
Time

14.08 sec

54 db (2.7 m kine/dig.)

16 bits (TRG. 1, TRG. 2, Time Code 11 bits, SW 1,2,3)
1ch. DAC: 12 bits, +£5V

MBM: 5m 27 s (100 Hz), 10 m 54 s (50 Hz)
CMT :9m 30s (100 Hz), 19 m

(50 Hz)
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Fig. 7. Example of Hyuganada earthquakes recorded with the SMS system.
Upper: Mar. 6,19 h 16 m, 1982, lower: Mar. 8, 23 h 19 m, 1982.
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Fig. 8. Fourier spectral density of Hyuganada earthquakes shown in figure 7. 1—
P-vertical component, 7’=5.12 sec, 2,3—NS and EW components of S wave
parts, 7=10.24 sec.
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