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ABSTRACT

A Seafloor Earthquake Measurement System for measuring strong motion seismic data has
been developed and tested by Sandia National Laboratories as part of the Department of
Energy Offshore Instrumentation Program. The system’s function is to gather data for the
design and regulation of offshore structures such as oil platforms and pipelines. The
seafloor package is a self-contained unit capable of operating unattended for up to one
year with data readout on command via an underwater acoustic telemetry system. One of
the problems with such a system is the large memory required to store seismic data. This
memory also must consume very little power to conserve battery life. To meet these
conditions a combination low-power CMOS buffer memory and a one-million-bit magnetic
bubble main memory with switched power was developed. This paper describes these
memories and how they are controlled by a microprocessor to save the “best” data since
the last data readout.

INTRODUCTION

Sandia National Laboratories, under the sponsorship of the Department of Energy (DOE),
the U.S. Geological Survey (USGS), and five major oil companies (ARCO, Chevron, Gulf,
Mobil, and Shell), is developing unique offshore instrumentation systems to gather data on
the environmental and engineering conditions of the outer continental shelf (1). Since a
large percentage of the future reserves of oil and gas are believed to lie offshore, these data
are needed by the oil industry for the design of safe, cost-effective structures and by
government to fulfill its regulatory responsibilities. One of the systems developed and
demonstrated under this program is the Seafloor Earthquake Measurement System (SEMS)
(2,3). The function of the SEMS is to measure seafloor strong motion seismic data to be
used in the design and analysis of offshore structures. In this paper we will describe the
memory system and data recording algorithm used in the SEMS to store the seismic data.



SEMS SYSTEM DESCRIPTION

The Seafloor Earthquake Measurement System (SEMS) consists of two main subsystems:

1. The Data Gathering Subsystem (DAGS), a seafloor pressure vessel and probe
containing accelerometers, microprocessor, solid state memory, batteries, and
acoustic telemetry link; and

2. The Command And Recording Subsystem (CARS), a portable receiving/recording
station that provides surface command and data recording capabilities.

In the system operational mode the DAGS continuously monitors the seafloor seismic state
as measured by its accelerometers and when it finds ‘interesting’ data, it stores those data
in its solid state memory. At periodic intervals or when land based seismic instruments
have recorded ‘interesting’ seismic data, the CARS is taken by an operator on a small boat
to the DAGS location where the operator uses the CARS to read out the DAGS seismic
data via the underwater acoustic telemetry link (4,5).

Both systems are controlled by similar microcomputers consisting of an RCA 1802
microprocessor, programmable read-only memory, read/write random access memory, a
real-time clock, a universal asynchronous receiver/transmitter and additional input/output
devices as required. Low power analog circuitry and CMOS digital circuitry are used
throughout the system to minimize the power consumption. The DAGS uses lithium sulfur-
dioxide batteries for power which give it a design life of one year.

The seismic data recorded by the DAGS consists of three channels of accelerometer data
sampled at 100 sample sets per second with a 12-bit analog-to-digital converter. The input
to the analog-to-digital converter is a gain-ranging amplifier controlled by the
microprocessor. The 12-bit data sample plus gain-ranging bits and channel identification
bits give a total of 16 bits for each channel per sample. Therefore, with three 16-bit
samples recorded at 100 sample sets per second, we have a total of 4800 bits of data
generated each second. A typical strong motion seismic record may consist of 25 seconds
of data which gives 120,000 bits of data. As can be seen the DAGS can generate large
quantities of data in a few hundred seconds. Since the DAGS data may be recovered only
once every one or two months, DAGS must have an extremely large memory or be capable
of saving only the ‘most interesting’ data. The next sections describe the DAGS memory
and its data sorting algorithm.



DAGS MEMORY SYSTEM

The DAGS has two parts to its memory system. First is a 144 kilobit CMOS read/write
random access memory (RAM) used to buffer the incoming seismic data for data sorting.
Second is a one megabit magnetic bubble memory (MBM) used to store the ‘most
interesting’ seismic data in eight 25-second blocks.

We chose magnetic bubble memory for the DAGS because of its large storage capability
and its non-volatility. The DAGS continuously writes data into its CMOS RAM, but
typically only writes to the MBM one to ten times per day depending on the incoming
seismic data. Since the time required to write 25 seconds of data into the MBM is less than
three seconds, on the average the MBM is accessed less than 30 seconds per day. The
MBM is only turned on when it is being read or written, therefore the average power
consumed by the MBM, ten watts for less than 30 seconds per day, is inconsequential
compared to the DAGS continuous power drain of three watts.

We considered magnetic tape memory systems for storing the seismic data since they
could give more storage capacity than the one million bits of magnetic bubble memory. We
chose not to use magnetic tape since we wanted to recover the data without recovering the
DAGS; therefore, the DAGS would have had to rewind the tape and read it for data
transmission to the surface via the acoustic telemetry link. Using magnetic tape in this
manner takes considerably more average power than magnetic bubble memory (MBM).
Also we feel that tape systems are not as reliable as the MBM.

We designed the MBM system using Western Electric’s Serial Bubble Store (SBS) in
1978. This was the only magnetic bubble memory that was being delivered at that time.
Each Serial Bubble Store consists of a 15 by 15 centimetre board containing a one-quarter-
megabit bubble memory and support electronics. The support electronics makes the Serial
Bubble Store appear as four 68,121-bit serial shift registers. All of the control and data
lines are TTL level lines. Figure 1 is a block diagram of one SBS module.

Four SBS modules are used in the MBM system along with DC-DC converter power
supplies and a Sandia designed controller board. Figure 2 is a picture of the entire MBM
system. With four SBS modules, the system appears to the microprocessor as sixteen
68,121-bit shift registers. The controller board writes or reads one entire register at a time.
The write sequence performed by the controller consists of writing a 537-bit sync pattern
followed by 67,584 data bits. The read sequence performed by the controller is to search
for the 537-bit sync pattern and then read the 67,584 data bits. All data transfers between
the controller and the microprocessor RAM takes place through direct memory access
(DMA). The sequence of operations performed by the microprocessor to access the MBM
data is as follows:



1. Power to the MBM is sequenced on using software time delays;

2. The address register for the DMA operation is set up;

3. A read or write command is given to the MBM controller;

4. A microprocessor interrupt is generated by the MBM controller when the 67,584 bit
data transfer is complete; and

5. Power to the MBM is sequenced off using software time delays.

Since the data are transferred via DMA, the microprocessor can be performing other
functions during the 1.42 seconds required for a MBM register data transfer.

DATA RECORDING ALGORITHM

Although the magnetic bubble memory system has a one-million-bit data capacity, only
200 seconds of seismic data will fill the memory. Therefore an algorithm was implemented
in the microprocessor to pick out and save the ‘best’ 200 seconds of seismic data. A block
diagram of the algorithm is shown in Figure 3. The algorithm is implemented in
microprocessor software and all of the data buffers referred to in the following paragraphs
are in the CMOS RAM. The algorithm consists of three basic parts:

1. Determining that ‘interesting’ seismic data is coming from the accelerometers;

2. Deciding whether the ‘interesting’ data coming in is ‘more interesting’ than the data
already recorded in MBM; and

3. Determining that the seismic data coming from the accelerometers is no longer
‘interesting’.

During step 1 the data are feed into a 1.7 second pre-event ring buffer so that when
‘interesting’ data are found 1.7 seconds of precursor data are also saved. The vertical
channel of the seismic data are fed into two averagers that average the absolute value of
the input data to get a measure of the data’s energy content. The first average, over the last
1.28 seconds, is called the Short Term Average (STA) and is a measure of the present
level of the seismic data. The second average, over the last 20.48 seconds, is called the
Long Term Average (LTA) and is a measure of the background level of the seismic data.
These averages are recalculated every data sample time (10 milliseconds) using a routine
that subtracts 1/Nth of the old average and adds 1/Nth of the new sample point to generate 



the new average, where N is the number of samples used to make up the average such as
128 for the 1.28 second average.

A ratio of the STA to the LTA is calculated and compared with a preset trigger threshold
to determine if the present signal level exceeds the background level sufficiently to indicate
that ‘interesting’ data are coming in. The trigger threshold, preset to 1.5, indicates that the
present signal is 50 percent larger than the background. The trigger threshold can be
changed by command from CARS through the acoustic telemetry system. When the STA
to LTA ratio exceeds the trigger threshold, we say that the system has declared an event.

When an event is declared, the system goes to step 2 of the algorithm. The pre-event ring
buffer is locked and the new dats are fed into a 25.6-second event buffer. In addition, the
calculation of the LTA is stopped so that event data will not modify the LTA since it is to
remain a measure of the background data. At the same time the data are being input to the
event buffer, a sum of the STA is calculated over 25.6 seconds. This sum, called the event
size, is used to determine if the new incoming data are ‘more interesting’ than the data
presently stored in the MBM mass memory.

At the end of the 25.6 seconds, if the event size of the new data is found to be larger than
the event size of the smallest event stored in MBM or if a vacant block exists in MBM, the
new data in the event buffer and pre-event ring buffer are stored in the vacant block or
over the smallest event in MBM. If the event size of the new data is smaller than that of
the smallest MBM event, the event is declared over and the algorithm moves to step 3.

A 25.6-second block of data along with the 1.7-second pre-cursor data and system status
fills two of the sixteen MBM registers. Therefore the MBM can hold a total of eight data
blocks. After the data are saved in MBM, the event is not declared over and another 25.6
seconds of data are gathered while a new event size is calculated. This block of new data
is considered part of the same event as the previous block; that is, a total seismic event can
consist of from one to eight 25.6-second blocks of data. At the end of the second 25.6
seconds, a ratio of the event size to 2560 times the LTA is calculated. This ratio is
compared with a preset shutdown threshold (nominally 1.7) to see if the event should be
declared over. If the ratio is less than the shutdown threshold, the event is declared over
and the algorithm moves to step 3. If not, the event size of this new block is compared
with the event size of the previous block of the same event. The event size of the present
event is set to the larger of these two event sizes. The same process as used for the first
block in determining if it should be stored in MBM is used for this block.

The above process repeats for up to eight blocks of data for this event. The reason that the
largest event size is used for all blocks of an event is that we wanted to make sure that we
would save the tail end of a large event rather than have it being overwritten by the main



part of a smaller event. In addition, if a block of data in the MBM is overwritten, the
remaining blocks of data in the overwritten event are declared vacant. This keeps the
system from saving only parts of an event.

The final step in the recording algorithm is step 3 when an event is declared over. At this
time the calculation of the LTA is restarted using the presently locked LTA as a starting
point. The pre-event ring buffer is opened for new data and when it is full of 1.7 seconds
of new data, the algorithm goes back to step 1.

This entire algorithm was implemented using an RCA 1802 microprocessor running with
an instruction execution time of 8.7 microseconds. In addition, the microprocessor has to
control the analog-to-digital converter and input gain ranging during the same time. Timing
of the algorithm at times was difficult and required dividing it up into different ten
millisecond increments that could be preformed between data sampling.

SYSTEM OPERATION

Five SEMS were built with four installed and operated in the ocean and one on land in the
Santa Barbara, California area from the fall of 1978 to the fall of 1981. The systems
performed well and recorded over twenty-five strong motion earthquakes. The recording
algorithm was found to be very effective in picking out the earthquakes and overwriting
man-made events such as underwater seismic soundings using small explosives which may
have larger peak acceleration but not the large energy content of an earthquake.

FUTURE SEMS WORK

We are redesigning the SEMS to use a new magnetic bubble memory (MBM) system
designed by Sandia for a high altitude balloon program. A complete description of this new
MBM system is given in a companion paper (6). A picture of the new MBM system is
given in Figure 4. The new system is based on the Intel one-megabit bubble memory
device and Intel’s controller integrated circuits. The old MBM system has one million bits
of data and takes up a circuit board area of 1800 square centimetres. The new MBM
system has eight million bits of data and takes up a circuit board area of 600 square
centimetres. Therefore the required board area per million bits has been decreased by a
factor of 24.

The new system will allow the storage of 1600 seconds of seismic data in the SEMS
instead of 200 seconds. The additional data storage will allow us to read the system less
often and to record more seismic data during actively seismic times.



CONCLUSION

The Seafloor Earthquake Measurement System (SEMS) has been found to a very useful
tool in recording strong motion seismic data on the ocean floor. Because of its magnetic
bubble memory system, the system’s lifetime was extended to one year. With the
infrequent occurence of large earthquakes, the long lifetime is mandatory. The recording
algorithm has been found to very effective in using a limited memory in recording event
type data. It is general enough that it could be applied to any event recording system.
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Figure 1. Western Electric Serial Bubble Store Block Diagram



Figure 2. Original SEMS Magnetic Bubble Memory System



Figure 3. SEMS Data Recording Algorithm Block Diagram



Figure 4. New SEMS Magnetic Bubble Memory System


