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ABSTRACT

A seismic signal processor has been developed and tested for use with
the NOAA-GOES satellite data collection system. Performance tests
on recorded, as well as real time, short period signals indicate that
the event recognition technique used (formulated by Rex Allen) is
nearly perfect in its rejection of cultural signals and that data can be
acquired in many swarm situations with the use of solid state buffer
memories. Detailed circuit diagrams are provided. The design of a
complete field data collection platform is discussed and the employ-

ment of data collection platforms in seismic networks is reviewed.
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APPLICATIONS OF SATELLITE DATA RELAY

TO PROBLEMS OF FIELD SEISMOLOGY

INTRODUCTION

In 1975, The Geophysics Branch of Goddard Space Flight Center decided that developing a data
collection platform (DCP) to transmit seismic information by satellite relay would be an excellent
way of using space techniques to benefit scientific research. For the next several years, a coopera-
tive program was maintained with Rex Allen at the U.S. Geological Survey’s Branch of Earthquake
Mechanics and Prediction at Menlo Park, California, with Goddard furnishing partial financial sup-
port for the development of a seismic-event detector algorithm.. In 1977, a breadboard event
detector, using a first version of Allen’s algorithm, was designed, built and tested by Rovert Novas

(1977)* at Goddard. This was preliminary to the present effort.

The design goal was a system with maximum reliability and scientific return at minimum unit cost
and complexity. Scientific requirements were established by a survey of potential users in univer-

sities and federal agencies.

Upon completion of the initial design in mid-1977, it was decided to construct a breadboard engi-
neering model to demonstrate the viability of the concept. The purpose of this effort was to show
that a satellite seismic DCP can be constructed with no technical risk. All of the elements of the
DCP that might represent a risk were breadboarded and the results were used to refine the final

design of the DCP. The breadboard was completed in early 1979 and was initially tested using

*Novas, R. G., 1977, An Application of Microprocessor Technology to Remote Station Analysis of Seismic Signals,
unpublished Master of Science Thesis, Lehigh University, Bethlehem, Pennsylvania.
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magnetic tapes of Alaskan seismic events, furnished by the University of Alaska. Since then the
breadboard has been undergoing operational tests using a seismic signal transmitted by telephone

lines to Goddard from a vertical axis, short-period seismic installation near Baltimore, Maryland.

The stated goal of proving the feasibility of the concept has been accomplished. Programmatic
considerations have precluded further efforts to use the existing unit or develop a field-hardened
unit. The purpose of this report is to describe and evaluate the breadboard des@ and operational
characteristics. Additional information may be furnished to any group desirous of continuing this

development.

HISTORY AND JUSTIFICATION

The collection of data by satellite is a relatively new technique first demonstrated in 1967 using
NASA’s ATS-1 (Applications Technology Satellite). The first demonstration was the NASA Omega
Position Location Equipment System which proved that accurate positions could be obtained from
platforms in remote locations and that satellite relay did not degrade the data. This experiment was
followed in 1969 by the Interrogation, Recording and Location System flown on Nimbus-3 and
Nimbus4. This was the first global satellite system to demonstrate the worldwide capabilities of

data collection by satellite.

Because they were designed to respond to interrogations from the satellites, these ground systems
were relatively large and expensive and required considerable power. This was overcome in the
Landsat series of satellites, initiated in 1972, by designing the ground platforms to transmit at ran-
dom times, thus eliminating the requirement for having a receiving system in the DCP. In 1974,
NOAA introduced the GOES (Geostationary Operational Environmental Satellite) system that

employs either a scheduled or satellite interrogated transmission system.
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Figure 1 is a block diagram of typical satellite relaying systems currently being used to return infor-
mation from low-data-rate geophysical instruments such as tide gauges, strain meters and tiitmeters,
However, because of the high-data-rate requirements, no practical cost-effective system presently
exists for returning high-data-rate seismic information. For example, continuously recording seis-
mic data, using a 12-bit word for signal resolution and sampling at 50 hertz (Hz), requires almost 52

megabits per day per component.

Off-the-shelf availability of such a field system would have many advantages. Currently, most un-
manned seismic field stations either have to be visited every day or two, to replace recording paper,
or the information has to be transmitted to a central location by expensive and sometimes noisy
phone lines and/or radio relays. Phone lines, almost nonexistent in remote, inhospitable or under-
developed areas such as Alaska, are often unreliable, even in populated areas. Furthermore, ground
communcations often become inoperative before, during, and after a major earthquake. When geo-
physical systems are operated in extremely inaccessible regions, data are usually preserved on low-
powered, slow-speed recording systems which may run unattended for months; the data are then
collected several times a year. Such systems require sacrifices in timing accuracy and information
content, and since data analysis is often delayed for months after the events, earthquake prediction
capability is lost. Also, there can be no assurance that the instrument is performing as planned. In
addition, it is often desirahle to rapidly augment a seismic network to collect earthquake precursor
signals or monitor aftershocks, and the dependence upon phone lines or radio relays might impede
the mobility of instrument siting and increase installation time. Finally, for earthquake disaster
relief, it would be of inestimable value to have available worldwide seismic data in real time. The

primary disadvantages are the increased cost and complexity of the collection system and, depending
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on the requirements of the investigator, the possible necessity of working with simplified or de-

graded data.

DESIGN PHILOSOPHY AND USER REQUIREMENTS

To be most widely applicable, a seismic DCP should possess the following characteristics:
. 1. Provide, in near real time, significant scientific data for a broad spectrum of investigators
2. Have a reasonable price; i.c., be affordable by most investigators
E 4 . 3. Operate with existing satellites
| 4. Operate on a one-to-one basis with a single seismic system ;i.e., not be dependent on cross-
correlation schemes between multiple systems
5. Be battery operated with at least a six-months life betwecn battery changes
6. Be field hardened;i.e., reliable, capable of unattended operation, environmentally sealed,
wide thermul operating range, minimal moving parts such as tape recorders, etc.

7. Be relatively small and lightweight.

The obvious key to a practical field system is an “‘event detector” device that reliably differentiates
signals from background noise. Once this is done, the noise periods can be discarded and the event
signals can be operated on by the system. If desirable, further data compression can be performed

. on the stored events before transmission. 1gure 2 schematically illustrates such a system.

The majority of event detecting devices have generally depended on a manually-set threshold for
comparing short-term energy (signal) with long-term energy (noise). The reliability of such a device
is considerably increased when cross-correlation between multiple seismic stations is possible, but

such correlation is obviously not feasible when a single seismometer/DCP system is under
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consideration. Allenby et al. (1977), detailed the development of seismic event detectors. The
algorithm used for Goddard’s breadboard was developed by Rex Allen (1978) of the U.S. Geologi-

cal Survey in Menlo Park, California, and was based on an earlier design by Stewart (1977).

In considering the scientific data provided by the system, it was decided that the DCP should be
applicable mainly to research presently associated with remote, untended, short-period seismic
installations. This would generally restrict the use of the system to local and regional data studies
and would avoid data requirements associated with relatively complex analyses of very distant
events or surface waves. The DCP should then be useful for studies related to:
1. Crustal Hazard Reductions
a. Earthquake mechanisms
b. Earthquake prediction
¢. Interplate and intraplate stress and tectonism
d. Volcanic eruption prediction
¢. Seismicity of reservoir filling.
2. Crustal and Mantle Composition and Structure
3. Mine and Quarry Blast Monitoring

4. Tsunami Prediction.

The next scientific design consideration was what components of the individual seismic signal are
needed for vhe various studies. In order of increasing data complexity these are:
1. Number of events per day Volcano monitoring

Earthquake swarm studies




2. “P” (compressional wave) arrival Location and magnitude of earthquakes
time (tectonic and volcanic)
Direction first motion Tsunami prediction
Duration and/or maximum amplitude Blast monitoring
and frequency Fault plane solutions
3. All of “2” plus “S™ (shear wave) Earthquake prediction
arrival time (Vp /V. anomalies)

Regional seismicity

The challenge, then, was to design a practical field DCP system that would provide as much as

possible of the above information. To help us in this, university and government scientists were

i, ,. consulted regarding their data preferences. Initially, some consideration was given to processing
the data in the field and relaying back only numbers representative of the values of times of the
desired features. Jowever, developing an algorithm to identify the “S” phase would be a ve.y
difficult, if not impossible, task. In addition, we found almost no application in which the users
were willing to accept the loss of the actual trace, primarily because of a natural unwillingness to
depend on a field computer to analyze the signal. For these reasons it was decided to reconstruct
the returned signal into analog form. The general requirements for such a signal were a bandwidth
of 0.5 to 25 Hz, a maximum-event length of around 180 seconds, and a digital resolution of 12 bits
(72-dB signal-to-noise ratio). Considerable interest was also expressed in using 16-bit word lengths

1 for signal level (96-dB signal-to-noise ratio), but, at that time 16-bit analog-to-digital converters

lacked stabiiity and reliability. For these reasons the final system was designed for a 12-bit word at

a sampling rate of SO times per second. Thus, a 180-second recording involves a total of 108 kilobit

(kb) (not including any overhead due to housekeeping, timing, magnitude and quality data).




In addition to th:se primary requirements, other factors arose. First, because the S arrival from

nearby events is often stronger than the P on short-period vertical sensors, it is desirable to return

a portion of the trace preceding the selected event to verify that the event was picked on the

P and not the S phase. For regional earthquakes, tie headwave P_ is weak in comparison with P

and P*, It is therefore desirable to have, perhaps, 5 seconds of pre-event detect signal so that those
. phases can be properly identified. It would then be possible to put tight constraints on depth and

distance and provide detailed information on regional structure.

A short pre-event strip is also useful for indicating the background noise level and hence the opera-
ting reliability of the evgnt detector. For these reasons, a 10 second pre-event strip precedes the
recording of the actual event. As mentioned previously, the maximum total recording time per
event is 180 seconds (including the 10 seconds pre-event time). However, this total time is adjus-

table because, for many applications, an event time of 90 seconds is sufficient.

Several users expressed concern about the possible saturation of the system in the event of swarms.

A number of schemes were considered. A procedure of buffer swapning to be described beiow was

adopted. Three such buffers or memories would allow an efficiency of 43 percent in the event of
. swarms. The system would saturate the available output data stream but would be able to record

43 percent of the time for transmission.

Magnetic tape was eliminated for event storage because of mechanical complexities. Reliable
bubble memories are not yet available, and power requirements are high. Solid-state memories
proved to be quite satisfactory. The breadboard contains two memories. When an event is identi-

fied, number one memory records 10 seconds of pre-event noise and, depending on the setting,




80 seconds of the event at a high-data rate. The stored event is then “dumped” at a lower-data rate
through the satellite. It requires about 9 minutes for a 1%4-minute event to be transmitted to the

satellite.

The design was dependent on the choice of satellites. A dedicated channel on a synchronous satel-
lite would permit continuous transmission (depending on the power budget of the DCP). In con-
trast, nonsynchronous satellites require satellite callup, random or timed data dumps. In both cases
maximum data rates vary depending on antenna sizes, power, etc. While there are numerous com-
munication satellites that are technically suitable, ground unit costs are related to the operating
frequencies of the satellite. Thus, our requirement for low DCP unit costs eliminated many satel-
lites from contention at the present. Most of the high volume satellites operate in the 1-GHz (gig-
ahertz) or 5-GHz satellite allocations. Technology is not yet up to producing inexpensive and
efficient transmitters at these frequencies. A typical 20-watt transmitter at 2 GHz is about 10
times as expensive and half as efficient as its 400-MHz (megahertz) counterpart. In addition,
because frequency slots are assigned within satellite transponders to a high percentage accuracy, the
frequency control is much more expensive at the microwave frequency than at uhf (ultra-high fre-

quency).

Accordingly, satellites witk uplink frequencies in the uhf range are preferred. As an example of the
maturity of the uhf technology, a single-module power amplifier capable of generating a 15-watt
output signal from 150 mW (milliwatt) of drive at 400 MHz costs about $80. A similar microwave

power amplifier costs $1000 and is half as efficient.

The most extensive network of satellites using a uhf data collection system (DCS) is the GOES

system. In addition to its prime function as an imaging meteorological satellite, GOES has a

10




400-MHz uplink DCS. A simplified block diagram of the DCS system is given in Figure 3. Note

that there are 200 DCP uplink channels between 401.2 and 401.7 MHz. Each of these channels is
15-kHz (kilohertz) wide and is intended to accommodate ASCII code at 100 bps (bits per second).
The satellite, being synchronous, allows random dumping by the DCP whenever an event is identi-

fied and stored. Also, since the United Nations’ World Meteorological Organization (WMO) protocol

provides for a worldwide GOES system, it seems likely that a GOES type DCS will be available for

at least the near future.

Therefore, the design and demonstration work was conducted, assuming the GOES DCS character-
istics as the design driver. However, because the 100 bps restriction is relatively severe (and, in fact,
represents a “‘worst-casc” situation for all practical purposes), and since microwave transmitter
technology is fast becoming mature, a modular approach was adopted which would allow an easy

change of output data rate and transmitter frequency.

BASIC OPERATING PRINCIPLES OF SYSTEM

The output of a single-axis, high frequency (1 to 2 Hz) seismometer is continuously monitored by
an automatic event detector (“P” picker). When an event is identified, up to 180 seconds of signal
(10 seconds pre-event noise and 170 seconds of event) is recorded and stored in a solid-state
memory at a sampling rate of 50 times per second and a 12-bit word for signal resolution. A delay
line allows the system to recover 10 seconds of pre-event signal after the event picker decides it has

an event,

Upon completion of recording, the first memory system goes off the line and begins transmitting to

the GOES satellite at 100 bps. During the 18 minutes required for the first memory to dump a

1
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3-minute signal to the satellite, a second memory is on the line to record the next detected event.

For field use, particularly if swarms are expected, at least three memories would be required.

DEMONSTRATION HARDWARE

The demonstration breadboard was designed and constructed according to the following criteria:

d Input signal Analog
Bandwidth 25Hz
Event length 180 seconds (maximum)
Resolution 12 bits
Output signal Compatible with GOES (100 bps bi-phase)
Operating mode GOES emergency event triggered
Power _ Battery pack
Battery life Six months (average 12 events per day)
Cost per field unit Less than $10,000, including DCP and radio set

A block diagram is given in Figure 4 and contains all the subunits of the breadboard. In whay

follows, the design of the demonstration unit on a subunit basis will be discussed.

The breadboard receives signals from an event simulator, a tape recorder, or a conventional discrim-
inator. The prerecorded analog tapes were provided by the University of Alaska. The event simula-
tor generates a damped harmonic signal electronically. The breadboard output is a serial-digital
signal at the GOES rate of 100 bps. This signal is passed to a digital-to-analog converter for com-

parison with the input signal.

13
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ANALOG CIRCUITS

Figure 5 shows the analog circuit block diagram, a detailed circuit diagram is shown in Sheet 2*.
The instrumentation preamplifier has a bandwidth of 50 Hz and a gain of two. This amplifier

gain can be increased to 2000 by a component change. The high gain was not required for the
breadboard because the tape recorded signal was already preamplified. The wide bandwidth of

50 Hz enables the event detector to determine event-occurrence time to within 10 milliseconds.
With a 50-Hz information bandwidth, the Nyquist sampling theorem dictates at least a 100 sample-
per-second rate. The 12-bit analog/digital (A/D) converter has additional filtering (25-Hz low pass)

to minimize signal aliasing.

The demonstration breadboard could have been designed with one 12-bit A/D converter followed
by a digital filter and a divide-by-16 circuit. This approach was not used vecause: (1) using the
digital divider and filter would have required more modules, and (2) this approach also allows an
easy change of microprocessors since the entire event detector is isolated from the main data

stream.

Digital Delay

A delay is required before buffer storage to:
1. Provide the experimenter with some pre-event noise for signal analysis.
2. Provide time for the microprocessor to calculate whether an event has occurred.
3. Provide pre-event time for the base station receiving system to obtain synchronization.

4. Provide time for the DCP transmitter to stabilize prior to sending an event signal.

*Thete aze 11 engineering blucprints referred to as sheets. (Sec back cover.)

15
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A delay of 10 seconds appears to be adequate to perform these functions. A delay of 10 seconds is
obtained by a 1024 word, 12-bit-per-word CMOS RAM used as a first in-first out memory. If more
delay is necessary, the delay time can be changed to a maximum 81.92 seconds by a wiring modifi-
cation that changes the decoder input signals (Sheet 3, module E3). The decoded output resets the
12-stage ripple counter module E1 at the required time. The output of the ripple counter also

provides the addressing signals to RAM devices with address-state changes every 20 milliseconds.

Data delayed by the delay time is always being sent to the buffer memory module for possible
storage. Recording in the buffer storage depends on the buffer storage control and gating signals

that are under control of the microcomputer.

100 kb-Buffer Memory

There are several solid state technologies that can be used for a memory size of 100 kb; i.e., core,
plated wire, CMOS, NMOS, MNOS and magnetic bubble, Because of reliability considerations,
mechanical devices (i.c., tape recorders) were not considered, Charge coupled devices (CCD) were
not a candidate because of our need for a low operating rate of 100 bps. The operating rate has to
be grcater than 50 kbps for most CCD chips containing 4096 bits or greater because of “dark cur-
rent” limitations. Plated wire is too expensive; core dissipates too much power compared to the
other solid-state devices. Metal-nitrate-oxide semiconductor (MNOS) devices are too expensive,
ease of manufacture is poor, and the availability of second sources is also poor. A list of the candi-

date components and their characteristics for a 100«kb buffer memory is given in Table 1.

The static CMOS RAM memory device was selected over the other candidates primarily because of

the very low average power dissipation. Rejection of the magnetic bubble device was not primarily

17




Table 1
Memory Components Characteristics for Mass
Memory Application
DYNAMIC MAGNETIC STATIC
CMOS NMOS BUBBLE NMOS
Manufacturer’s Number 1M6508 Intel 2116 TBM 0100 EMM 4044
Chip Density (bits) 1024 16384 92000 4096
Chip Organization RAM RAM FIFO RAM
Number of Different Voltages 1 3 4 1
Required
Operating Temperature °C) | -35+125 | 554125 +15435 -554125
Module Cap., kilobits 110.6 114.7 92 110.6
Average Power, watts 0.054 1.7 1.1 6.4
Module Component Cost (§) 540 390 470 416
due to power requirements. The magnetic bubble device has the advantage that storage is nonvola-
tile and the device can be power switched. We did not use the device because its availability is poor

at present and the ease of use in the design is difficult. A re-evaluation of the magnetic bubble

DR it iae

should be conducted in a few years, when the device's performance, availability, and adaptability

are improved.

A detailed schematic for each of the two 110-kb buffers is given in Sheet 7. Note, that the buffer
is parallel organized (12 bits X 9216 words). The storage elements are CMOS RAMS (1024 X 1).
Operating length of each buffer can be changed by eight switches from 2048 to 9216 words in steps

of 1024 words. This corresponds to event lengths of 41 to 184 seconds. (S-P range circles of about

250 kilometers (km) to 1700 km.)

18
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E+ent Detector

The event detection function is performed by a microprocessor that is programmed to process
digitized seismic signals in real time. Interface to the rest of the system is particularly simple.

Figure 6 shows the event detector interface signals. The only output interface signal used by the

remaining modules is the event-detect signal; the event-status data, which would be used in a field
unit, is not used here; this signal can be obtained via the data terminal. The control signals and

program constants are on front-pa.-¢l switches and are read only during program initialization,

There are several microprocessor systems that could have been used. A list of candidate micro-
processors is given in Table 2. The CMOS CDP1802 was selected based on the following criteria:
1. Low power

2. Add time

w

. Support chips avaijlable

»

. Reliability (only microprocessor on GSFC preferred parts list).

The CDP1802 microprocessor is a single-chip, 8-bit, static microprocessor fabricated in CMOS
technology. The CDP1802 thus h=»; all the advantages of CMOS technology ;i.e., low power dis-
sip2...n, sincic wide-range power supply, full operating temperature range and a single-phase clock.
Our system uses a 5-volt power <upply and a 2-MHz clock. (With a 2-MHz clock, the machine-cycle

time is 4 m.:.roscconds and the instruction cycle time is 8 microseconds.)

Refer to Sheets 4, S, and 6 for the event detector module details. Note that Sheet 4 shows the
interface and control circuits and the connections to the CDP1802 microprocessor. Sheet 5 dia-

grams the 4K words of RAM (used as working storage) (32, CDP1822’s). Sheet 6 shows the 4K

19
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Table 2

Candidate Microprocessors Characterization

With a 2-MH2 Clock
Power Add Time
Dart Number Process (Milliwatts) Data Bus Width (Microseconds)
SBP 9900 1L 500 16 9
TMS 9900 NMOS 1000 16 15
CDP 1802 CMOS 4 8 8
1M 6100 CMOS 5 12 10

words of ROM (4, M 2700) and 32 words of RAM used for program and register storage). Only 2K
words of ROM are actually needed ; 1 K words for a standard utility program and 1K words for the

seismic processor program. The utility program is used to communicate with the data terminal.

Control Circuitry

The control circuitry is used to generate:
1. Analog-to-digital conversion sample pulses
2. Buffer<ontrol signals
3. Multiplexer-control signals.
All of these signals are derived from combinations of the 2-MHz clock ; the event-detect signal and

the buffer full/empty signal.

The 2-MHz clock is divided down to generate all the sampling and timing pulses (modules C1, C10,
Sheet 8). Also derived are the analog-to-digital converter (ADC) sampling pulses which are contin-

uous at either 50 cps (12-bit ADC) or 100 cps (8-bit ADC).




Figure 7 shows the buffer timing sequences that are generated on the control circuit board. Until
an event-detect signal occurs, both buffers are in standby. When the event detector declares a valid
event, the event-detect signal triggers buffer 1 into operation. Buffer 2 remains in staniby. Soon
after the event-detect signal occurs, the buffer-1 clock starts operating at its high rate (50 cps) and
the MWR-1 signal enables a write operation, Buffer-1 initialization occurs when the first clock pulse
causes memory location one to be written into. After buffer 1 is full, the “1 full” signal is gener-
ated. The buffer-full signal starts a read operation clocked at the GOES rate (100 bps). This s
done through the MWR signal that places the memory into a rgad state. The memory addressing

is organized so that the first-clock pulse after full signal enables reading from memory location one
(the memory is a first-in/first-out type). After all memory cells are read, a (1 empty) signal is
generated which places buffer 1 into standby. However, if another event occurs between the buffer-
full and the buffer-empty signal, buffer 2 begins a write operation. Buffer 2 will not perform a read

operation until buffer 1 has received an empty signal, and a buffer-2 full signal is generated.

The data-ready signals, diagramed in Figure 7, control the multiplexing of the two buffer output
signals into one signal during buffer read times (Sheet 9). In a field DCP, this signal would be bi-
phase modulated and then sent to the transmitter. In our unit, this signal is sent to a digital-to-
analog converter, then to a visual recorder. The recorder used is a standard Sprengnether three
channel drum recorder. The three signals recorded during unit-performance testing are: (1) the
analog signal after the preamplifer, (2) the event-detect signal, and (3) the delayed processed data

from the buffers read out at the equivalent of 100 bps.

The unit was constructed of CMOS DIP integrated circuits mounted on Augat circuit boards with

connections by wirewrap. These boards are mounted into a standard 48-cm (19-inch) rack chassis,
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8.5 cm (3% inches) high. Power supplies are mounted separately. The unit was partitioned into

boards as follows:

Board Function
| Analog circuitry, control logic and multiplexing
2 Microprocessor, associated random access memory and

read only memory -
3 Buffer memory #1
4 Buffer memory #2
The system was partitioned so that: (1) a different type microprocessor module could easily be
added for additional evaluation, and (2) buffer memory could easily be expanded if necessary. All

controls are front-panel mounted with exception of the buffer-length switch.

EVENT-DETECTOR ALGORITHM AND ITS IMPLEMENTION

The event-detection program, used on the 1802, is based on an algorithm developed by Rex Allen
(1978) for the automatic detection and timing of seismic events from a single seismometer; how-
ever, modifications were necessary to run the program on the 8-bit RCA 1802 microprocessor. The
program is an interrupt-driven (real-time) task that identifies events to within 10 milliseconds. The
program also evaluates the accuracy of its picks, thus eliminating the recording of events generated

from noise sources such as vehicle traffic.

Appendix 3 contains the 1802 assembly code, a memory map. and the tables for conversion of con-
trol constant values to switch settings. Appendix 2 contains a running description of the Allen

(1978) algorithm as implemented for the 1802.
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Data from the 8-bit analog/digital converter is searched for the possibility of an event according

to Allen’s criteria. The characteristic-function calculation is the primary time consumer of this
event-search mode operation. Ideally, the whole event-search process for one sample should not
take more than 10 milliseconds. In practice, the average time was calculated as 9.64 milliseconds,
and in the worst case, 16.4 milliseconds. In actual use, we found that most samples (85 percent)
could be handled in 10 milliseconds. When the program requires more than 10 milliseconds to

process the sample, the next sample is ignored. The consequences of this time constraint are dis-

cussed in the engineering tests section.

Once a potential event is registered, the program enters the event-validation mode to test whether
the suspected event passes duration, frequency, and amplitude criteria. On the average, this process
should take 6.52 minutes, and in the worst case 13.28 milliseconds. In practice, we have not

observed undersampling during the event-validation mode.

The current formulation of the algorithm will store up to 256 event initiation times in the form of
clock cycles since initialization. Interpolation to a fractional clock cycle is not done. In addijtion
to the event times, the zero crossings and peak amplitudes used in the analysis (up to 128) are also
available. The memory lap in Appendix 3 shows that of the available 4K words of RAM, only
about 1.5K words are used. Of the 4K words of PROM, 1K words are required for the event-
detection program, while 1K words are used for the utility. This small RAM/ROM requirement
indicates a possibility of sharing the memory resources between two processors to decrease the
apparent cycle time. Although this alternative might permit faster processing of individual samples,

multiprocessors have not been explored here,
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The expected time requirements during each of the processor modes could be improved by using

high-speed multiply/divide chips as peripheral devices to the 1802 processor. Although 1802
processor compatible forms of these chips are not yet availaple, it seems likely that such devices

will appear in the immediate future.

Engineering Evaluation

The completed unit was subjected to several tests designed to evaluate the system’s ability to
detect events over a wide range of input-signal parameters. These measurements were then used to
calculate: (1) the probability of false detection on broadband noise, (2) the probability of under

sampling and, (3) the time to detect and verify an event.

The sensitivity to noise was measured with a ‘“‘white” gaussian noise signal (i.e., no impulse noise).
The probability of a false detection and the ability to complete the search and validate tasks in the
prescribed time were measured. The statistical behavior of this type of noise exceeds, within the
design bandwidth, the current implementation of the program’s validation test (20 zero crossings
in 2 seconds). Theoretically, additive gaussian noise in a 50-Hz bandwidth should have 38 maxima

per second and 50 zero crossings.

A graph of the prcbability of false detection as a function of noise and gain is given as Figure 8.
The noise levels are in millivolts per square root hertz measured after the preamplifier (b~::.awidth
50 Hz). Also plotted along the abscissa are the zr-alog/digital converter quantization levels. With
the program gain set to maximum, the figure shows that the probability of a false trigger increases
significantly as the noise level rises above one quantization interval. For this reason, the noise level

should be adjusted to less than 5 millivolts.




@BfoNAC PATE 1y°

Figure 8. Probability of false detection as a function of noise and CPU gain.
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The predicted number of instructions for the program to process one sample in the search and

validate modes, with a full scale signal of 127, is as follows:

Mode Worst Case Average At Best
Search 2050 1205 795
Validate 1650 815 705

For a 2-MHz clocking rate (which yields 8 microseconds per instruction time) there will be 1250
instructions within the 10 millisecond data sampling interval. It appears that under worse case
conditions the central processing unit (CPU) data input could be under sampled, since the max-
imum number of instructions per sampling interval is 1250. Measurements were made to check the
efficiency on real-time data. The algorithm efficiency was measured by counting the CPU external
flags (EF) that request transfer of data into the CTPU. EF pulses were counted over a 10-second
period for various input noise and signal levels. Over a 10-second period there should be 1000

transfers.

The following results were obtaine 1:

1. No under sampling was detected with noise levels of 5, 10, 20, and 30 millivolts. With the
CPU programmed for maximum gain, the number of instructions to process these noise
levels varied from 2 to 75 per EF sample time. The number of instructions was directly
related to the noise level. As expected, the maximum gain setting yielded the largest run-
ning time.

2. No under sampling was detected when a simulated event was used as a signal. The simula-
ted event is an electronically generated damped harmonic sinewave with a natura! irequency
of 10 Hz and a decay time of about 3.0 seconds (Figure 9). Under sampling was checked

with various peak signal levels (4, 2 and 1 volt) and the CPU gain.
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Figure 9. Electronically generated event signals, vertical axis 2.0 v/cm,
horizontal axis 0.5 sec/cm; a. single arrival; b. double arrival (P,S).
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3. Under sampling was detected when a compound signal was used. A compound signal is
two simulated events that occur within one second of each other;i.e., double arrivals or P
and S phases (see Figure 9b). Under sampling was detected when the CPU was operating
at maximum gain and the peak-input signal was 4 volts. Under these conditions the prob- ’
ability of missing a data transfer into the CPU was calculated to be 0.011.

4. Figure 10 shows the relationship between the start of an event and the event-detect signal.
Measurements obtained from over 200 trials, with both simulated and compound signals,
show a variation from 0.] to 3.0 seconds from the start of an event to the leading edge of
the event-detect signal, t,, . Figure 11 is a plot of the mean time to detect and verify a
simulated signal t;, , as a function of peak-signal level and the CPU gain. These tests showed
that a 10 second delay is sufficient to provide thc computational time needed to determine

that a noncultural event has occurred.

PERFORMANCE TESTS

As part of the evaluation, the processor unit was connected to a realtime analog signal from an
auxilliary short-pciod vertical seismometer (SPZ) at the Geophysics Branch, Ellicott City, Maryland,
seismic station (identification code ECM). This signal is unfiltered and has a bandpass appropriate
to the seismometer and voltage-controlled oscillator responses (0.1 to 30 Hz). The ECM station is
located just east of the intersection of 140 and I-70 west of Baltimore, Maryland. The instrument
package is on a poured concrete slab in contact with the banded member of the Baltimore Gneiss.
Because of its location, unfiltered signals from ECM contain large numbers of heavy and light
vehicle signatures. I-70 is, in fact, one of the main truck routes into Baltimore. Local earthquakes

and close mine blasts are not frequent enough to provide the kind of detailed evaluation of the event
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Figure 10. Timing relationship between the start of a simulated
event (a) and the event-detect signal (b). Vertical
scale 5 v/cm, horizontal scale 0.5 s/cm.
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recognition algorithm on seismic signals as reported by Allen (1978). The relatively low frequency

of such events only allows us to show that the Allen algorithm performs on such blasts and earth-
quakes in a manner consistent with Allen’s observations in a much more active seismic environ-

ment. An example of the performance on noncultural signals is given in Figure 12.

Within a typical seven day period, four mine blasts closer than 200 km are detected at ECM. Also,
there are two known areas of low-level seismicity within 600 km of ECM (see Bollinger, 1973 and
Sbar and Sykes, 1973, for example). The Lancaster, Pennsylvania, area has been responsible for
about three events per year and the magnitudes are typically well under mb = 3.0. The second
zone is in west central Virginia and has averaged two events per year, also with magnitudes well

under 3.0.

Although the low number of close noncultural signals does not permit the quick acquisition of
meaningful performance statistics on such signals, the extensive vehicular traffic near ECM allows
a definitive analysis of the Ailen algorithm's ability to discriminate between cultural signals and
real seismic events, To illustrate: the unfiltered SPZ output contains about 40 truck and 20
automobile signatures in a typical 4-hour period centered around one of the “rush hours.” There
is also a clear diurnal cycle in the high-frequency background noise with peaks during the rush
hours. As would be expected, there is a strong decrease in the high-frequency background and in

the number of high-frequency signatures on weekends and holidays.

Following is a summary of the performance of the system on noncuitural signals. The results

are presented as the probability that the algorithm will fail to detect an event in a particular
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distance range are based on a total of 80 events.

© False hits/possible false hits 10 to 25 percent
®  Activity level of 100 bps channel 20 to 40 percent
® Event miss probability D 2 600 km 0 percent

1000 km » D » 600 km 25 percent

D > 1000 km 100 percent

In our formulations, Allen’s (1978) algorithm has a soft cutoff at around 1000 km due to our
choice of averaging technique and the azcentuation of the high frequency sensitivity by the form
of Allen’s characteristic function. Since the characteristic frequency of seismic signals decreases
with increasing distance, the algorithm will not respond to distant signals unless they are stronger

than normal.

The best indication of the performance of the system on cultural signals is to ineasure the percent-
age of timc that the 100 bps output is active. In general, the activity level is a measure of the rate
of false triggering. Also, the truck signature is of characteristic frequency greater than 10 Hz and
shows two short duration spikes of about twice the amplituce of the rest of the <ienature. T":.
signature provides all the necessary elements for a severe test of tht; rejection of cultural si nals and

occurs often enough to yield good statistics in a reasonable time.

Activity on the 100 bps channel is, of course, heavily dependent on the choice of opera::ag con-
stants input to the microcomputer. With an optimum set of constants, the activity le' .} 's between
10 and 20 percent. The same set of constants was uscd to generate the performance stitistics on

noncultural signals reported above. Since the noise environment was intentionally ::ude more
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severe (no filtering) than would normally be the case, the rejection of cultural signals should be

nearly perfect in most applications.

Since the number of noncultural signals is so small, we tested the buffer swapping procedure with

cultural signals. A set of constants was selected to give a pick on each vehicle signature with a

signal-to-noise ratio greater than '#>. The buffer lengths were set for 90 seconds and the system -
was operated through a complete rush-hour peak (150 minutes). The number of vehicle signatures

with suitable signal-to-noise ratio was compared to the number of event-detect signals and the

number of vehicle signatures in the 100 bps output. Since there are about five signatures per

minute at the peak of the rush hour, the system was operating at the saturation level for two buf-

fers. The predicted efficiency is 28 percent and the observed efficiency was 29 percent. The differ-

ence is probably due to the nonrandomness of the time of occurrence of the signatures.

Design of a Complete Seismic DCP

Figure 13 shows five remote data collection platforms and a central data collection station. This is
a basic form of a GOES-based seismic data collection system. Each DCP is event triggered and uses
a single DCS channel. The DCP radio sets are small 402-MHz transmitters which have a signal

bandwidth corresponding to 100 bits per second.

The DCP required EIRP is 48 dBm to communicate at a bit-error rate of 10¢, A 10-watt trans-
mitter with an antenna gain of 8 dB is adequate. Figure 14 shows the central station’s received
signal processing line. This is a low technical risk area since there is nothing unique at the receiver

as all components have been proven under operating conditions.
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Figure 4 is a block diagram of the full DCP. The event-detector output signals to be telemetered

along with event waveform are the event-detect signal, direction of first motion, event confidence

measure, and number of timing pulses from event first zero crossing until the event-detect signal

acknowledges an event nas occurred. The DCP transmitter will be power switched under control

of the microprocessor to increase the battery life time.

A complete data collection platform unit would consist of:

1.

2.

3.

4.

5.

Seismometer

Event detector with dual buffering
Transmitter (GOES compatible, 10 watts)
Cross-yagi antenna

Battery power pack.

A power profile was calculated for six months operation. This profile assumes an average of 12

events per day with the DCP/transmitter operating for 1260 seconds per event (180 seconds

record and 1080 seconds playback). Also included in the power calculation are the following

voltage and current requirements:

Transmitter (10 watts) 12.5 volts at 5 mA (milliampere) idle, 2.5 A trans.
Event detector 12.0 volts at 5 mA
5.0 volts at 12 mA

-5.0 volts at 2 mA.

Power profile dictates that the battery power pack should have the following capacity:

12 volts at 1900 ampere-hours

5 volts at 430 ampere-hours.
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It would be possible to d=rive the 5 volts from a 12-volt pack. The estimated cost for a DCP, ex-

cluding the seismometer, is:

Event detector and dual buffers $13,500

Transmitter and antenna 3,300
Battery pack 500
Total $17,300.

The cost is based on using:

1. Ceramic CMOS integrated circuit packages

2. Dual 108-kilobit buffers

3. Single unit cost (i.e., no quantity discount)

4. Wirewrap constri.ction.
The cost of the processor could decrease by as much as $6,000 in large quantities. This cost savings
would appear as lower costs for the CMOS parts, testing, and packaging. Also, printed circuit pack-

aging techniques could be used instead of the more costly wirewrap boards.

The cost of the transmitter and antenna assumes using a HANDAR 524A SMS/GOES data collec-
tion platform and a high gain crossed yagi. The HANDAR unit contains a GOES compatible for-
matter, 10-watt transmitter, and power conditioning circuitry. The cost shown above is for a single

unit procurement. For a large procurement (greater than 10 units) the total cost of a DCP should

drop to $11,000.
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OPERATION OF AN EVENT LOCATION NETWORK
USING THE SEISMIC DCPs

To illustrate the use of the seismic DCP, we examine the implementation of a location network
for large events in South America. The purpose of this section is to show how a small network of
DCPs will allow the location of potentially damaging earthquakes with sufficient dispatch to allow
mobilization of civil disaster forces should the circumstances warrant. This is perhaps the most

elementary application of the seismic DCP concept.

The following goals are assigned to the network: locate any earthquake within the Andean region
of South America whose body wave magnitude is = 5.0 within two hours. The hypocenter must be
located to +0.1 degree in latitude and longitude and characterized as shallow, intermediate, or

deep focus.

The stations to be implemented were selected from the list of World Wide Standard Seismograph
Network (WWSN) and array stations on the South American mainland. For the eight stations
shown in Figure 15, a three minute P-S time circle will permit at least three stations to transmit P
and S arrivals for events in the populous part of the western active area. Coverage is not so com-
plete for the less populated areas of western South America (i.e., Tierra del Fuego) and the relatively

inactive eastern area of Brazil.

According to a study by Berrocal (1976), stations in continental South America observed 113
events during 1973 with mb 3 5.0 in the region bounded by latitudes 14°N and 56°S and longi-
tudes 30°W and 90°W. Although fluctuations in this number occur on a yearly basis, the distrib-

ution of stations and the quality of data used by Berrocal make it extremely unlikely that any
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events with mb » 5.0 were missed. Accordingly, the expected data load is about 905 station

events per year. This will not tax the capability of any individual seismic DCP.

To avoid transmitting unneeded events, each DCP would calculate a magnitude based on the usual
log (A/T) (amplitude/period) calibrations to decide whether the event should be transmitted.
Since the event buffer would have to be held during the calculation, the buffer swapping technique

would be needed to avoid mssing an event,

The GOES platform radio sets transmissions may be initiated in three ways: (1) The DCP may be
polled by using interrogate channels; (2) the DCP may be activated by an internal timer on a regular
basis, one or more times a day; and (3) the DCP may begin transmitting when a sensor threshold has

been exceeded. These different modes are called: interrogate, self-timed, or emergency.

After considering the objectives, the “emergency mode” was sclected for the system baseline design.
Advantages of the emergency mode over the other operation modes are:
1. Requires a smaller DCP storage capacity. The emergency mode requires 108 kilobits,
whereas the other modes require 324 kilobits for transmission on a 6-hour schedule.
2. Requires a shorter playback time and dissipates lower power because the memory is
smaller.
3. Central station has near real-time monitoring of events.

4. Requires only one master clock which is located at the central station. This is possible

because the DCP delay can be measured during deployment; the transmission time through
the GOES satellite system can be accountable, and the time from the event’s first zero
crossing to event trigger pulse can be determined by the microprocessor and transmitted

from the DCP with the event record.
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The major disadvantage of the emergency mode is that eight dedicated GOES channels are required

versus one channel for the other modes. Also, an inoperative DCP could go unnoticed for several
days. A combination mode, in which the DCP returns housekeeping data once every six hours and

operates in the emergency mode as well, may be the most desirable,

The receive site requirements are modest. The DCS downlink from GOES js in the 1.7-GHz region.
Microwave receiver technology for this kind of application is mature and the antennas are not very
costly. Since the GOES spacecraft are.in synchronous orbit, the ground antenna need only be
positioned one time. Baseband signal processing is simple in the emergency mode since the exact
baseband frequency for each DCP is known. A squelched discriminator can be used for each base-

band signal with the squelch signal used to alert the data processing equipment,

The data processing requirements are also modest. The basic analysis consists of two phases. In the
first phase, the individual bit streams are converted to analog traces, timing information inserted
and the traces are displayed for an analyst’s evaluation. At the samc time, a preliminary hypocenter
can be computed from the first arrival times reported by the DCP’s and the expected arrival times
for other than main P can be marked. S arrivals, where present, would be selected. In the second
phase, the analyst’s modifications would be used to calculate the final hypocenter and the individual
traces would be output in final form. Neither of these tasks requires a particularly sophisticated or

expensive computer. A microcomputer with video display, disk pack and hard copy plotter would

be sufficient. Purchased now, the required hardware should cost much less than $20,000.
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The DCPs are intended to operate unattended in the field. The only anticipated need for regular
interventions would be the battery changes. This can not be avoided since the high power require-
ments (10 W f output for 18 minutes per buffer transmission) require high capacity batteries. Such

batteries normally can not be recharged by solar panels.

Field setup would include:

a. Seismoineter implacement and calibration. The DCP will need the necessary constants for
a log (A/T) magnitude calculation.

b. Processor activation and checkout. The noise characteristics of the site will determine
the digital and analog constants. Since this will vary from site to site a certain amount of
“‘cut and try” will be necessary.

c¢. Transmitter activation, antenna pointing, and delay measurement. Antenna pointing
angles can be calculated beforehand. The individual delay measurements can be made by
initiating a transmission at a carefully measured time. The DCP clock, the delay transmis-
sion initiation time, and the location of the DCP (to a few meters) can be set by observa-

tions of the Global Positioning System satellites during installation and activation.

SUMMARY

Our development effort has shown that there is no technical risk in building a field worthy seismic

DCP. Because of the advent of low power digital and analog electronics (in our case CMOS), a field
processor would require only a modest fraction of the total power budget. The power requirements

of the DCP are domijnated by the transmitter.
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The major improvement over previous seismic signal processors is the use of the Allen (1978)
event-recognition scheme. In the presence of severe cultural noise, Allen’s algorithm proved to be
nearly perfect in its rejection of cultural signals. Our implementation on the CDP1802 microproc-

essor required only modest amounts of ROM and RAM.

The processor could be added to an existing GOES DCP with little difficulty. The digital format
and bit rate costs nothing in terms of information content but does require a relatively long period
of transmitter activation. The physical size of a field processor would most likely be about one

quarter the size of an automobile battery.

Operated in a dedicated network, through GOES, eight seismic DCPs would allow the location of
large events (mb » 5.0) in South America within an hour of the event onset. Such a network
would not tax the capabilities of the DCP design and would represent no technical risk in its

implementation.
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APPENDIX A
OPERATING INSTRUCTIONS

Operations! Procedure

The following describes the operational procedure for the seismic detector and the procedure to

communicate with the system microprocessor via a silent 700-data terminal.

Power

1. Press power-on switch, located on power chassis, to apply power to seismic detector.
Power lamp indicates power is appli=d to detector.
2. Switch silent 700-terminal power on.

3. Switch helical-recorder power on.

Reset
Press reset switch on seismic detector tront panel. This places the microprocessor into initialization

state and clears buffer memory. Event detect, record, and playback indicators are in off state.

Run Utility Program

1. Press utility program switch.

2. Depress silent 700-terminal keyboard carriage retum key, print head returns to left margin
and types an asterisk. The asterisk acknowledges that the microprocessor address pointer
is at memory Jocation 0000. For programming instructions refer to “User Manual for the

CDP1802 Cosmac Microprocessor,”” RCA-MPM-201-B.
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Run Seismic Program

1. Place unit into utility program state,
2. Enter master program start address into memory location 0000 by typing keys
'M0000 C01000
3. To verify, start address is stored into microprocessor memory type.
M0N0 3.
4. Terminal response is to type
0000 coio 00.
§. Press micro reset switch to ensure microprocessor is in injtialization state.

§. Press program start switch to initiate Rex Allen’s seismic program.

Seismic program will operate between two states (test and verify) without additional co. trolling.
When zn event is verified, the event indicator is turned “on’ for approximately one second and the

record indicator is turned **on" and remairs on until memory buffer number one is filled.

Buffer filling timing is predetermined by the status of switch E28 which is located on memory
board (see Sheet 7). Filling time can be set from 10,2 to 153.6 seconds. (See Table A-1 for avail-
able record times.) After the buffer is filled, the record indicator goes out and the playback indica-
tor is tumed on. Playback time is six times record time. 17 a second event occurs while buffer one
is in playb=ck state, the event is stored in buffer two and both the record and playback indicators

are energized ; buffer two will play back after buffer one ha: completed its piayback.
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Table A-1
Buffer Memory Record and Playback
Times and Switch Position

. Time, Secondi__L

! Switch Position Record Playback
1 10.24 61.44
2 30.72 184.32
3 51.2 307.2
4 71.68 430.08
5 92.16 552.96
6 112.64 675.84
7 133.12 798.72
8 153.6 921.6

Program Constants

Constants C, through C, are entered into program when microprocessor is in initialization state

(reset). The programmed constants remain unchanged until the constant switch position is altered

and the unit is reset. Table A-2 relates the constant switch positions to program value.

Event Statistics
Event peak values and time of occurrence referenced to first zero crossing are stored in the RAM

memory. Memory location 0035 <“ores the number of peaks. Memory location starting at 0100

stores the time and peak values, There are three paired hexidecimal words per detected peak with

the following format:
3 paired hex words

t! P e

2 2
_; olofo  'TomfmPb

(n)
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80 00011
SLL'O 11101
SL'0 01101
STL'O 10101
L0 00101 L i
$L90 11001 9 01
$9'0 01001 S 10
$0°0 10001 290 10001 b 00
SLY0'0 00001 90 00001 oneA apo)
SH0°0 11110 SLS'0 11110 *2 ‘ploysaryy
STHO'0 Or110 $S°0 01110 $6°1 0111
$0°0 10110 50 10110 08’1 1011
SLEOO 00110 0 00110 $9'1 0011
$€0°0 11010 SLY'0 11010 0s'1 1101
STE0'0 01010 St°0 01010 SE'1 0107 $'1 0101
£0°0 10010 STY0 10010 0T’ 1001 'l 1001
$LT00 00010 0 00010 S0l 0001 €1 0001
$20°0 11100 SLEO 11100 01 1110 Al 1110
$720°0 01100 $€°0 01100 60 0110 Ul 0110
700 10100 $TE0 10100 SL'0 1010 01 1010
SLI00 00100 €0 00100 90 0010 60 0010
ST10°0 11000 SLTO 11000 S0 11eo 80 1100
100 01000 ST 01000 €0 0100 L0 0100
$L00°0 10000 220 106000 S1°0 1000 90 1000
$00°0 00000 20 00000 0 0000 50 0000
05—“ A OUOU M[eA IPpo) aN[eA IPOD AIMNBA po)H
' ‘aay uog € oAy poys 0 yyBrom ' ‘uten

an[eA 'sa s3unieg Youmg Areurg

TV 2lqel
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where n is the value recorded in location 0035, and i references i peak and runs from 0 to n. The
event statistics can be obtained without disturbing the contents in the buffer. The procedures to be
used to enter into utility run is made by using the micro reset switch. Events statistics have to be

obtained from memory before the program goes into another test sequence.

Helical Recorder

Refer to Sprengnether VR-60 helical recorder operation manual for operation, calibration, and

maintenance procedures.

]
]
g

This is a three-channel recorder. Channel one records the real-time signal that has been amplified
and filters to 50 hertz. Channel two records the event-detect signal which is binary. Channel three %
records the delayed playback signal, which is 1/6 the rate of channel one signal. Channel three

signal has been digitized, stored, and played back at the GOES channel rate of 100 bits per second.

This signal is converted back to an analog signal before it is sent to the helical recorder.

T
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APPENDIX B
COMMENTARY ON THE CDP1802
IMPLEMENTATION OF THE ALLEN ALGORITHM

Event Detection Program Flow

1. Initialize and reset flags
Read constants (C, - C,)
i=1
2. Inputdigital dataR,i=i+ 1
(1) convert to 2’s complement
(2) R=C,*R,
(3) Calculations:
R=C, *®R-R,)
E =R? +AR?
=0, +C, *(E-q,)
B =B., +C, *(E-B.,)
3. Completed 2 second average?
(e, i=200)
0.1t Goto 4
0.2fGoto2
4. Compute reference level (v,)

7% =C "4

33
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. Short term average abruptly increased?

Gie., o >Bl)
0.1tGoto 6

0.2fGoto 2

. Save potential hit onset values

01T, =i
C2A, =R
03D=R -R
04M=1

058=0

. Save provisional peak

P=|R,|

. Input digital data,i=i+1

0.1 Convert to 2’s complement
02R,=C, *R
0.3 Celculations:

R, =C, *(R,-R))

E =R? + AR}

=0, +C*E-q,)

. Zero crossing?

(ie,R,=0)
0.1tGoto 11

0.2fGo to 10




10.

11.

12.

13.

14.

15.

IRI>P?

0.1tToto 7

0.2fGoto 8

128 zero crossings recorded?
(ie, M>128)

0.1t Goto 13

0.2f Goto 12

Record zero crossing

01T, =i-T,
0.2A, =P
03M=M+1

Has 2 seconds passed since potential hit?

(ie.,i-T, = 200)

0.1t Go to 14

0.2fGo to 8

More than 40 zero crossings?

(i.e., M> AO0)

0.1tGoto 15

0.2fGoto 2

Declare significant event (set Q), and compute continuation criterion

0=1(G,T,,M)

:
3
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16.

17.

18.

a > 0!

0.1t S = 0, reset small count counter
02fS=S+1

0.3 L = 4 + M/4, value of S at which event is over
Is the event over?

(ie.,S>L)

0.1tGoto 18

02fGoto 8

Declare event over (reset Q)

0.1i=0

0.2Goto2

- TR T T T TR




APPENDIX C
1802 ASSEMBLY CODE, MEMORY MAP, PROGRAM CONSTANT
SPECIFICATIONS AND TIMING SUMMARY

-
i [
£

.

’
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0000 3 0001 ..

0000 § 0002 ..

0000 3 0003 ..

0000 3 0004 ..

0000 3 0005 .. e GFSC EARTHQUAKE RECOGNITION MONITOR ee

0000 3 0006 ..

0000 3 0007 ..

0000 0008 .. THIZ MONITOR 1S DESIGNED TO RECOGNIZE AND

0000 3 0009 .. TO TIME SEISMIC EVENTS ON R SINGLE TRACE.

0000 $ 0010 .. THE MONITOR EXECUTES AS A REAL-TIME PROGRAM .

0000 3 0011 .. IN CONJUNCTION WITH SEISMIC PLATFORM HARDWARE.

0000 3 0012 .. IT IS WRITTEN INM RCA COSMAC 1802 ASSEMBLY

0000 3 0013 .. LANGUAGE AND REPRESENTZ A PROTOTYPE FOR S-EIT

0000 3 0014 .. PROCESSING DOF SEISMIC DATR«ssaaa .

0000 3 0015 ..

N000 3 001¢ ..

0000 3 0017 ..

0000 3 0018 ..

0000 3 0019 ..

0000 3 0020 ..

0000 3 o021 OrRG 0 .

0000 C01000% ooce LBR GERM o START ADDRESS

0003 3 0023 ..

Q003 3 0024 S=a04 .o

0003 3§ 0025 L=e0S .o

0003 3§ 0026 .. .
0003 3 0027 LR=06 .o g
0003 3 0028 R=e0? o ’
0003 $ 0029 Cilx=u08

0003 5 0030 Cl=e)9 es TIME CONSTANT M., P.F.

0003 3 0031 C2X=t0B .

0003 3 0032 Ce=u0C eo WEIGHTING CONSTANT

0003 3 0033 C3X=e0E .

0003 3 0034 C3=80F .

0003 3 0035 Cax=e11l .

0003 3 . 0036 Ca=ilz .e

0003 3 0037 CS¥=u#14 .o

0003 3 0038 CS=1% «. THRESHOLD CONSTANT

00032 3 0039 ..

0003 3 0040 .. %
0003 3 0041 RALFA=:19 .« SHORT TERM RVG.
0003 3 0042 BETR=:1D :
0003 3 0043 GAMMA=s21 |
0003 3§ 0044 DELTRA=u2S ;
ooz 8 0045 CHAR=229 ]
0003 3 0046 DELTHH=u2D . g
0003 3 0047 PP=u31 j
0003 3 0048 M=u3S :
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y
0003 3 0049 TEMP=039
0003 § 0050 TEMP2=u3D
0002 § 0051 CONT=m041
000z 0052 GOF=u4S
0003 § 0053 HITS=04?
0003 3 00%4 TIMES=60100
0002 3§ 00%% HTIMES=60400
0003 § 0056 READ=01ZA0 .+ READ SUBROUTINE
0003 ¢ 0057 MPLY=012C0 .. MPLY SUBROUTINE
0003 § 0058 MEAT=01340
0003 $ 0059 ..
0003 3 0060 ..
0003 § 0061 ..
0003 3 0062 .. oo GERM ee MAIN PROGRAM
0003 0063 ..

) 0002 # 0064 ..

0002 $ 0065 ..
0003 § 0066 ORG  ©1000 .. START ADDRESS
1000 F8O7S 0067 GERM: LDI GERMA ..

- 1002 AF3 0068 PLO RF ..

E 1002 FS103 0069 LDl A.1<GERMAD ..

E 1 1005 BF$ 0070 PHI RF e

o 1006 DF$ 0071 SEP RF ..
1007 F8083 0072 GERMAS LDl CiX
1009 A73 0073 PLO R? e
100 FO0S 0074 LDl o©
100C B7$ N07S PHI R? ‘e
100D E7$ 0076 SEX R7 e
100E &F$ 0077 INe 7 .. READ C1¥
100F FRAOF} 0o7e ANI  ¢0OF .o
1011 S73 0079 TR R7 .
1012 FE$ 0080 SHL
1013 FCOOS 0031 ADI C1T .. LOOK UP
1015 ASS onse PLO RS ..
1016 F8123 0033 LDI A.1CCITH
1012 BSS 0024 FHI R® .
1019 438 008% LDA RS .. SAVE C1
1018 603 0026 IRX ..
101E 573 0087 TR F7 ..
101C 083 0028 LDN RS .
101D 603 0039 1R ..
101E 573 0090 TR R7 .
101F FB8143 0091 LDI C%x .. WANT CSH
1021 ATS 00%2 FLO R7 .
1022 6O 0093 INP 4 .. READ CS%
1022 FAOFS 0094 AND  =0F ve
1025 A93 003 FLD RS9 .

. 1026 S73 0095 TR R7 .

1027 FAD3S 0097 ANI 3 .
1025 FCSES 0092 ADI  CST
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1028
10eC
102D
102E
102F
1030
1032
1032
1038
1036
1037
1039
103A
103B
103D
103E
103F
1040
1041
1042
1043
1044
104%
104é
1048
1049
1 04A
104C
104D
104E
104F
1050
1052
10953
1054
10%%
10%&
1057
1052
10%3
105A
10%B
105D
10%E
10SF
1061
1062
1063
1054
1066

60

A8
(1}-1]
603
573
603
Feo00s
578
FSOBS
A7
31
FROF$
73
FES
FC1ée}
fES
483
€03
73
608
083
573
&0
&R
FROFS
bk
293
FRO04S
FES
FES
Fis
FE3
FC363
RS
ast
€03
73
-3
ant
578
603
(33
FROF$
ST
o498
FRO&S
FES
Fis
FES
FCeas
A3

0099
0100
0101
0102
0103
0104
0109
0106
0107
0108
n109
1o
0111
ill1e
0113
0114
0115
0116
n11?
0118
0115
6120
01e1
0122
013
ni1e4
012%
0126
u1e?
0128
0129
0120
0131
n13z
01323
01z4
013%
0y 326
0127
0132
0139
0140
141
ni4z
01473
0144
014%
0146
147
1143

PLD
LDH
TR
1R

kS
R&

F?
R?

cax
-

a9

BOF
r?

ceT

SOF

C37
4
4]

Rk
rE

R7

SOF

kS

47
re

.. ZAVE CS

.. RERD L&¥

L. ZRAVE C2
.. READ 3%

. R7= ADD (4
.. READING C4%




1037
103D
10%F
XN
10ME
10M%
1044
1 OR%

[
&,
"
EETH
| 33
w1
Bl
EOEH

=
- e

BUCH A A O 1 I TR O
$o 8% s 20§, 8% s we .

M- ANIT N NI N 1Y

=3
a3
E3
._3:
e
LY

o
ool
o>

Hive
wiey
1 B
v

-
10 4t 1las
10m 2 sl 01%0
1ims 5578 $I%y
10mm i} w1
106k <08 1s:
1 0=y &> 014
1080 Tapmd 1%
10s8 448 g%
IUT Fapat 1 B
1072 A%t 1%
ISR 3} N 0 ek
100 Amd 010
1074 Foual 1l
107s 473 led
1073 Fannt ez
107 Eas nle4
1070 B%g H1ES
| 1070 Bes Olee
5 1078 kTS 00 R~
107F Bt 00 K3~
1050 By 0]
: MU a0
; tons N 017y
1Nnas =a3 uiye
PRUCE L TR | 017z
105% 288 174
nd LD W]
E’G‘
= %-5
B
1ed
F
"y
: F
E

LDA
1&:
ST
LD
1k
e
LDl
FLO
Lol
FL
LDl
&L0
Ll
FLD
Lol
W1
FHl
]
FHI
PHI
FHl
FHl
FLD
ITE

DEC
DEC
TR
TR
I
1
Lol
L0
LUl
FM]
Lol
FLO
Lot
FHl
Lil
FLO
N {}]
FHI
L]
L0
Ll
IR
=EC

EF

e

2]

&

FeS

e

FERD

WE

Ao L FERD)
FE

MELy

P

T WAL [ W]
F

MERT

FE

He 1 iMENT
FE

»OF

L&

]

-]

(2 )
FE

50 FLMEs N

FETET EYENT DETECT
Am 4w MDD LR
CHLL FERLDLF,




1 oA &l W] @ 1# oo Fadx HLD b
1T Ead Na00 LODFM B o~ N

105 Dipd TEGT EF  ®E ee LHLL REMLOS
1144 DES NE0s SEF WE oo LALL MERAT
PRUT I T § Bans EP R .o

10AE DES nine JEF RE .s

1o Dot e n% EP W

104D DES 0ne e B RE

1058 Lo nEuY IS Y 0 ..

10AF DES 0E s EF ME .

10RO Do NEN= b X I -TH

10FE1 DES nEin IEF FE

10kS Inid ne1l JER ML .

102 DEY na1e CEF RE .o

10k4 Fa24et HEE W] LDl CHNRE ce LOMFUTE BETHM
10Es A38 014 L0 #3 .o

10E7 (et 021% L we .o

10EY FO3 N&le B .e

10k &7 ne1v I w7 .

10kR 278 0212 DEC &7 .

10FE 228 1 DEC Pz .o

10BC 26t neen DEC  Fe .e

10D 448 LDA Fé .o

10BE FEFFS 3 B 1 3 .o

1000 738 L) UN .

100y &7 b T .

1o 178 e w7 .e

1nC: Fated (U (F SR .o

100% &3 FLO R ..

Tie 338 LR ke .o

| e 17T FHD  FH .

10003 usg LI s .e

1054 et L0 RH .e

1 s £23D8 LIl TeEMFE ‘e

1000 ==t FLO &= .

1070 D3 JEF kL ee LALL MRPLVTEMFRS
1NJE GOmd LN Fe .o

100F £33 a1 ¢ .e

1000 Set LIR e .o

1any e DEC  FRe ..

10ng DEC Rz .o

0 O LDty Fe .e

PO(E ) () (8 .o

10D% SR R vo BETH: LBEIH +
100w 163 N, Fe ve LA LHMF-EETH
10T 04t Lin &4 ..

1ohz 38 DEC  F4

100% €33 i ) vo LFR=k

1005 143 1IN, R4 o Fa= ADDR
10DE Fodss LDl s0F .




3
E
100D Aa3 Geas FLO r3 .o
10DE (% 0250 L o .
10DF 2REST 0eSl ENZ  LOOK
10E1 a8 nene 5.0 &3 .
10Ee Flu ws 0293 A1 eoo .o
10E4 30877 02%4 BHNZ  LDOFPH oo
: 10E6 Fa01d 0e%% Lhl 1 . I= 200« 20 60
; 10ER %53 neSe TR RS .. BOF=
' 106ES § 02y ..
- 10ES ¢ nese ..
: 10E® FR213 0e%Se LD0Ok: LIV GAMMA oo CALCULATE GAMMA
10ER ASS 0eeo FLD &= .o
10EC Fa1%s 0eél LDl C% .e
10EE A% agees FLO RO .
10EF 03t e LDt &%
10F0 BRAL need FMI &R .e
10F1 FaO0s 0ees Ll o
10F3 ARS neee FLO FA .o
; 10F4 (63 nee? LN Re .e
* 10FS 578 eeg IR RT .
! 10Fe 273 126es DEC v .
1OF7 cé3 0zvo DEC e .e
10F3 463 eVl LA Re .o
10F3 578 yere TR T .
10FR 173 ers INC v .o
10FR DC3 werd b X eo LALL MPLY «(LSeRETH
10FC 0%3 ners Ly &S e CHLC GAMMI-RALFRA
10FD F53 neve b4 ¢ .o
10FE &% ney? DEC RS ..
1OFF gas neva DEC R .e
1100 458 (Frac ] Ly RS
1101 FBFF3 aean nRl  wFF .
11032 743 nesl ADC .o
1104 FE? nese ML oo DET Z1IGH
110% CRIOATE negs LENF  LOOPH «s RLFA:=GHMMA 7 N0
1108 Fauss Hzse Ll M .o TEZe HRAYE FOZI. HWIT
110R ASe es% FLO FR9 .
110B FEN43 nese L0l : .
110D Az wesy FLO Fa3 .e
110E FQOoOd negs LoI 0 .o
1130 ADZ neos FLD FD
1111 EDS Nesn FH1 ®&D .o
1112 B13 nae FH]1 R .e
1112 pes ngoe FHI Re .o
1114 558 Hees TR RO .o
111% Sag nesd TR PR ee =m0
1118 FROO3 uea*S LI TIMES e ZHVE HIT TIME
1112 A1d neee FLAO I .o
1319 Fa013 23T LDI A.1TIMET
111E FEi3 Hess  PHI R
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111C 933 0299 GHl R3 .a
111D S13 Q300 STR R1 .
111E 113 0301 INC RI1 .e
111F 83} 0302 6LO0 R3 .e
1120 5135 0303 STR R1 es TIMESCO)= 1
1121 118 0304 INC R1
1122 043 0305 LDN R4
1123 S13 0306 STR R1
1124 F82S3 0307 LDl DELTR .o SAVE HIT SLOPE
1126 R8s 0308 PLO RS .e :
1127 F82Ds 0309 LDl DELTAH .e
1129 A93 0310 PLO RS ..
112R FO3 6311 LDX .
112B 593 0312 ITR R9 .e .
112C 283 0313 DEC RS .e
112D 293 0314 DEC R9 .o
112€ FO3 0315 LDK .o
112F 59% 031e STR R9 .« DELTAN= DELTA
: 1120 F831s 0317 LDl PP .+ SAVE PROV. PERK
§ i 1132 Ags 0318 PLO RE8 .e
: H 1133 045 0319 LDN R4 .. ZAVE FROV. PEAJ
1134 FE3 0320 SHU .e
1135 333A% 03e1 BDF NEGB .e
1137 7es 0322 ZHRC .
1138 30303 0323 Bk POZC .e
1138 7és 0324 NEGB: THRC .s
1138 FDOUOS 0225 B () ST .o
113D 553 az2e POSC: TR RS .. PF= ABZ (k>
113€E E45 0327 LOOFB: ZE~x R4 .e
113F DE: n32a ZEF RB .s LCALL RERDCR>
1140 DES 0329 IEFP RE .= CALL MERT
1141 DCs 04330 ZEP RC
1142 DES 0331 SEP RE
11432 DCs nz32 SEP RC .o
1144 DES 0333 TEFP RE .e
1145 DTS 0334 ZEP RC .e
1i4& DER 0335 EF BE .e
1147 DCs 336 SEP RC .e
1148 DES 0337 ZEP RE .e
1149 DC3 0338 SEP RC .e
1148 DEs 02332 ZEFP RE .e
114E 045 240 LIN R4 .e
1140 32615 0341 BZ ZEROX .o 0 CROZZ 7 YEZ
114E FES 0242 SHL .. NO» GET RERZ (R
114F 33545 0343 BIF NEGC .o
1151 7és 244 IHRC .e .
1152 20573 1345 ER POZD .
1154 7B 0348 NERC: THRL .e
1155 FDOOS nz47 DI 0 .
1157 RASs 1243 POZD: FLO RS .e
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1158 F8313 0349 Lbl PP .
115A AgS 0350 PLO RS
115B &9} 0351 aL0 RS .e
115C F73 352 M .
115D 33303 0353 BFZ POZC .. HEBZ (R} » FP 7 YEI
115F 303E3 0354 ER LOOFPE .o NOs GET MEXT K
1161 3 0355 ..
1181 3 n2%6 ..
E 1161 3 0357 ..
- 1161 ¢ 0352 ..
1161 9Ds 03599 ZERDX: SHI RD «o cERO CROZETNG
1152 2ATES 360 BENZ ZERDA s SIAYED ENOUGH T YEZ
1164 933 U381 BHI R3 .. HNO
1169 113 0362 INC K1
. 1166 S13% 0383 TR K1 .
1167 113 0304 INC R1 .
) 1162 &3% N385 6LD k2 .
4 1162 S1% n3ée TR Ri .o TIMEZ (M= 1
E 116R 11¢% N367 INC R1 .e
116R F2318 363 LDl PP .e
1160 AZ2S 0xes FLO R2 .s
116E a3 0370 LI RE .e
116F 518 nz7l TR R1
1170 F2358 gare Ll n .o
1172 A3 37z FLO K2 .a
1173 o3 0374 LDN RS .
1174 FCO18 nave AT 1 .
1178 593 NATH TR RS e M= M+l
1177 FIFFS 037y Y () G - .e
1179 ZARVES 03Fe BHZ ZEROA
117k FSO1s na7e LDl 1 .
117D EDS 1380 FHI RD .o
117E Z1RES 231 ZERORA: B ENMDCK . 3
1120 1D3 3282 IHC RD 3
1131 2Ds 0333 3L0 RD .e 3
1122 FDCas 0234 =Dl 2on .o ‘
1124 ZRIES 0229 EM LOOFER .. 200 ZEC PRZIED T MO
1156 FR35: nzze LDI M .o TEZ
11283 A3 N2E7 FLOD R92 .e
1159 038 == LN R
1128 FDzas aas 3 () - Y1
1127 FES D3N ZHL
112D C3L0R7S nza1 LEDF LDOFH
1120 FERs n3az ZER .a WDEZe ZET FLAG
1131 F3473 032 LDI HIT: .. ZAYE HIT TIME
1193 A% =94 FLO RS
‘ 1194 (33 1 LIIN RS .
1195 FE3 ZHL
1136 FOoOns ADI  HTIMEED ..
1195 Ras FLO RE
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1199
119B
119¢C
119E
119F
11R1D
11R1
11R2
11R3
11R4
11Re
11R7
11R8
11RR
11AB
11RD
11RE
11B0O
11B1
11R2
11B3
11B4
11BS
11B7
11E8
11E9
11BR
11BE
11ED
11BE
11ERF
11C0
11C1
11ce
11C3
11C4
1105
11C7
11C8
1102
11CA
11CE
1100
110D
11CF
1100
1101
1103
1104
1105
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F8043
BES
Fa0o0s
R9%
493
=14
123
(-
Lred
F847%
RO93
093
FCO13%
593
F2413
AS3
F835s
RIS
09s
BAS
S7s
278
FR003
AAS
S73
178
nCs
F321s
A9

W $ D WD

WS ‘46 ‘86 ‘A8 88 8 [, 6¢ ‘BU ‘S8 ‘4% ‘44 8% '8P
.

LU AR

LG AU K A YT o

=N
m

e Ty
n
.

"
m
a

0399
a0
0401
0402
0403
404
0405
0406
0407
0408
0409
0410
0411
012
0d13
0414
0415
u416
D417
0412
n41o
0420
n421
Q4ee
n423
424
0425
nezé
427
0z
n4zs
1420
0431
n4 3
0433
1324
0435
D426
47
I S
0439
0440
1441
naq4z
L T %]
0444
445
IE 1)
1447
n44s

ENDCE:

H. 1 CHTIMES?

re
LD1
FLO
LDR
re
re
LDN
Re
LDl
FLO
LD
ADI
ITR
LDl
FLO
LDI
FLO
LDN
FPHI
TR
DEC
LDl
PLO
TR
1NC
ZEP.
LDl

TIMES
R
R

RS
HITS

RS
RS

e HITE= HITE#L
.o COMPUTE Meeg




1107 F=2358
1103 ASS
110R 023
11DE Fo3
110C Fas

11ES A3
11E9 F3003
11ER 9593
11EC 7Ri
11ED CO10RTS
11F 0 F2003
11F2 593
CO113ES

o R ST
b
—
m
()

~
-
e

“

‘e G% 88 B

1200 0101%
1202 05038
1204 OBO43
1206 OD04s
1202 1D0Ss
1208 0100%
1200 470538
120E 12043
1210 15043
1212 2D0Ss

1214 02018

1216 3
1216 8
1216 3§

1216 Q0008
1212 99068
121R 03058
1210 A7 048
1Z21E 0S02s
1220 02023
1222 10058
D100
110438
12043
OEDZs
220 02018

D44S
NISH
3451
0452
453
0454
0455
1456
0457
1452
0459
a4a0
0481
N4ee
4a3
0484
1465
DT
04a7
0462
0453
NE ¥ali]
1471
472
047z
1474
475
047e
E ¥
0472
0479
430
N4321
422
ez
0433
0425
E -1
n4av
n4as
4z
uaan
n431
Nz
D333
434
ugqas
ST
naay7
0493

RE®R

SIET:

fre o o

-
L1

LDI
FLO
LDN
THR
IHR
ADI
TEX
=D
ZEX
THL
LBDF
LI
FLO
LDI
TR

LER
Lol
TR
LER

Do
pN
j (D
DC
jm

LC
J
L
nc
D

RS
LOOFE

s1200
#0101
L0SN3
SOENg
sohng
#1D0S
s0100
$37 06
#1304
#1504
a2Dns
S11301

SO00n
EYi =130
S0305
SO07 09
S0S02
SN
#1005
sl 00
s1104
1304
SORO3
BIUETI D]

RE-ENTER ZERRCH

LU R T Y (R ¥ I A9 |

L B RSO U

o " L I T )

0,
.19
.30
0. 45
0.0
0.7%
DPR=1]
1.00
1.0%
1.a0
1. 3%

1.50
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an we e

Q7 0ss user DC #0708 . 225 R
ninzs nsos nCc o oso1ng ee o9
: 1230 232078 0503 D we307 ee o ETS
- 122E 13088 0510 Do #1306 ae o3
1240 15083 1511 DL «1S0s ee L 3ES
1242 OBOSH 0512 DT «OR0S ee o35
1244 03038 512 Do #0303 ee <375
1296 3D0S3 nS14 ) Y1} (1) ee o4
1242 1BOSS ns1s DC #1EOe e 425
129/ 1D0sR D3 §) DO «1D0e ve o453
1242 OF0SS 0s17 DL #OF0S ee o A7S
124E 01015 0318 oo .
12950 42078 ns19 U re o TES
1292 23063 0529 (8 ee 95
12954 250&3% nset nc ce JTrD
1258 27 0es =TS8 ([ e NE
= [ e ) s D525
15249 DL oo 53295
uses o .. HLETS
0S2e e 0.7
nsev nc oo N.T7ES
ses Do es U.TD
nses oo ee D.PTS
NSz0 Do ee oS
47 Do #0S0R ee o DS
H1ovs nc «aio7 ee o HITS

- 05033
126E ODOAS
1270 01063
1272 02033

DC #0509
Do «anoA
DCooenl 0

1274 05088 DC

1278 az07s 0541 JUM

1278 D03 0S4z oo

1&7A 54z o

1270 0544 Do #0105 :
127E 01545 Do w1102

1220 0S3E Do osoons

1z (=T Do #1305 .

1 0542 DCoeNSovy
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m
aopQ
00no
00Hg
L]
0000
0000
oo
Q000
o000
anao
0000
1R
12R2
12R3
12RS
12R&
12R7
12R9
12AER
12AD
12RE
12RF
12B0
1z2B2
1282
12k2
12k2
122
12Re
1282
12EkE
12g2
12Ee
12E2
12EBS
12R2
12ke
12ke
1z2ke
1acn
1zce
12073
1204
1205
12Ce
120
12C
120
1

v
Fulln:}

[LER4L
L I}

o

70

W 88 BB 88 8 68 8% & ws e

2EANS
oE3
FCa0s
544
FES
IERES
SAAES
Fa21s
S44
134
DFs
Z0A0

s ey OO O (o 00

‘4% ‘a9 v ‘as ‘as s ‘@ we ‘s 7,

bt PG DD F O LN =) =] T} @s av cas e 22 0 4% 2% 80 @0 8¢ 89 ‘er 8 ‘2% &

TR R R

IO
nong
ooz
oong
0ans
aoos
oQay
QU0
Qs
on1o
G011
anl1e
0013
ani4
o013
anlé
1}
anls
o1
a0
nnet
npz
ez
o4
0nzs
noge
nogy
aozs
nNozs
onz0
0031
Doz
ooz
anze
nozs
noze
227
[ R
s
DD E
DTS
DUE ¥4
DL
IE L
DD 3
HDEYS
0ns7T
DD
[ 3]

REMI

READRA:

MPLY?

DEC
DEC
ITR
InC

ZUBROUTINE RERD
CALLING ZEQS

B4 R4
SEP RB
Ors  «igA0
EHZ o
INF &
A#0] «20
:TR R4
ZHL
ENF  RERDA
BNZ READA
LOI 31
ITR R4
ING R3Z
JEP FRF
BF RERD

TUBROUTINE mMPLY
CRALLING TEO:

.+ INPUT BUFFER ADD.

.. WRIT FOR DATH

.. READ IT ¢

«s LCOMYERT TO 273 C
«s ZAVE IT

.. GET ZI1GM BIT

.. HOMW =" TT YEEL
.. BAD CAZE ¥ HO

.. FORCE TO -127

.- ZAVE IT

e I= I+l
.. RETURM TO GERM

fF= 18 BIT MULTIPLICAND ADD. ..

Ra=

FPRODUCT ADD. ..

A, 0= RIGHT SHIFT COUNT ..

FAR. 1= LEFT

IEX RE

SEP RL ..

OrRG #1200
Lol 0

ITR  RE

v
7

THIFT COUNT ..

.. CLERR FPRODLICT




12CEH
1aCC
12CD
12CE
1200
12be
1803
1eh4
1205
1207

1203
12D%
12DR
12DR
. 120D
12DE
12DF
12E0
12E1
12E2
12E3
12€4
12ES
12€6
12€E7
12Es
12ES
12ER
12EB

12F0
12F1
12F4
12F3
1&Fe
12F7
12F2
12F3

12FB
12FC
12FD

12FE !

12FF
1300
1201
1204
1304

12EC C
12EF ;

12FA

073
274
FEI
3BD33
FEFF}
=7
17
173
FaOa3
33

Edall
Fes
BA}
2BER}
073
Fas
738
evs
urs
743
73
27%
473
178
743
583
&3
&0l

07s

00Nso
(1113
00%e
053
LT
00%S
00%e
QOS?
oss

0059

e
0061
Q&2
063
00éq
00es
1Y
Hoe7T
NOesS
0nes
0070
N7
ouye
aovs
anve
WOvsS
007e
aney
07e
ve
DOE0
0381
nnze
ooe3
nos4e
nogs
00se
00s?
nnes
e
oD
I
nneg
oNnez
Q024
009
009é
Oe?
NO9s

LD
DELC
IHL
BHF
LDl
TR
INC
INC

MPLYAS

LDN

STHD
DEC
LDA
INC
ALC

IRK

LHIFTS

LEZ

LBZ

R?
&7

*+5

tFF

k&7

R7

r?
LDl
FLO

oHI
ZHR
PHI

¥4

R7
r?
r7

TR
IRX

GH1
RHIFT
DEC
L0
RHIFT
LDH
ZHL

LDN
IHLC
TR
B7
rR7

T

k7
INC

MPLYR

RA

RS

rA

RS
K9

/7
R7
Rr7

Rr7

3. 0= MAX L. IHIFT COUNT

RHIFT MULTIPLIER
SAVE 17
ADD ON 7 nNO?

IAVE IT
ADD ON HIGH ORDER
WITH CRRRY

IAVE IT

L:C= LEC-1
GET LZC

NOs =0 ZHIFT L
pg IT. LOW EBITZ

HIGH ORDER BRITE
IRAYE THEM
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1304 S8AS 0099 RMIFT: GLD RA
130% 32214 0100 B2 EXITAR .e
1307 2R3 0101 DEC RA .e g
1308 283 0102 DEC RS .o
1309 &3 0103 DEC RS
130R FO3 0104 LDX .o
130B Fé} 010% THR .
i 120C A9S 0106 PLO RS9
! 130D FA40$ 0107 ANI  #40 .o GET PREY. SIGH ]
! 130F 321%3 0108 BZ RHIL e SIGN "eu ¥ YEDS!
1311 893 0109 GLO RS oo MO» IT"3 =~ .
1312 F9803 0110 DRI 680 .. RESTORE "-"
1314 A5} 0111 FLO RS
1315 893 0112 RHIt 6LO RS .. GET IT
1316 S84 0113 STR RS .» SAVE HIGH ORDER ERIT:
! 1317 603 0114 IRX
i 131% FO3 s LD¥
i 1319 763 0116 SHRC .o
131R S&3 0117 STR RS
1318 603 0118  IRX
1310 FO3 0119 LDX
131D 76} 0120  SHRC
131E 583 0121 3TR R8
131F 30043 o122 ER  RHIFT .e
1321 DF3 0123 EXITA: SEP RF .. RETURN
1322 C012C0% 0124 LBR MPLY
1325 3 018S ..
1325 3 0126 ..
1325 3 0127 ..
1325 3 o1z .. SURROUTINE MERT .o
1325 3 0129 .. CALLING ZEG. ¢ ..
1329 3 0130 .. IEX R4 .. R4= ADD A
1325 3 0131 .. .o RP= A, UCTEMFY
1325 % 0132 .. SEP RE ..
122% 3 0133 ..
1325 3 0134 ..
1325 013% ..
1325 3 0138 LR=#06 .
132% % 0137 Clmeis
1325 3 0138 Ce=e0C
1325 3 0139 C3=#0F
132% 3 0140 DELTRA=u2%
122% 3 0141 CHRR=#ZD
1225 3 0142 TEMP2mu3D
1325 % 0143 ..
138% % 0144 ..
1235 ¢ 0145 ..
132% 3 0146  ORG 1340
1340 F03 0147 MEATS Lo ..
1341 573 0148 TR R7 .. R7= R .
1342 27% (149 DEC R7
13432 FE3 0150 IHL .. GET %IGN
1344 334R3 0151 BIF HEGAA .. HEG % YEZI
1346 FgO08 n1se L1 o .. HDs EXT ZERDEZ
1342 304C3 0153 EF  MERTR .o
1248 F&FF3 UlS4 NEGRA:  LDI  ©FF .. EXT ONEZ
1340 573 0155 MEATAHS Tk ®7 .. IAVE IT
1340 3 0156 .. .. TEMF= R » 1& ERITZ
13240 173 0s7 NG R?
134E FRID3 0158 LDI  A.OCTEMFEY .e
1350 Azs 0153 FLO PR3
1351 F8O93 0160 Lbr 1 .-
1353 A9 0161 FLO k9
1294 498 e L R3 .e
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13%%
13%2
1357
13%42
13%9
13%A
135B
13%C
13%D
13%F
1360
1361
1362
1263
13695
1367
1368
1369
136R
136C
136E
136F
1370
1371
1372
1373
1374
137S
1376
1377
1375
1379
137R
1378
137D
137E

BRAS
093
AR}
ES}
LF}
o8
E4}
73
F8a03
A9
AR
721
FES
32684
FEFF}$
A9
Fos
FE$
SB6F$
FSFF3
AAS
243
7es
Fsi
s73
d ]
89
s73
ET$
= H
743
57
178
Fgess
ASS
Fa0Ccs

0163
uise
01685
U166
0167
0168
0169
0170
0171
o17e
0173
017e
017%
0176
0177
oze
0179
0180
01s1
o182
0183
0184
0183
0136
0187
n1as
0189
o190
0191
015
0193
0194
0199
01%¢
0197
0193

PHI
Lon
PLO
SEX
ZEP
LDN
ZEX
STXD
LDI
PLO
PLO
LDXA
3HL
BDF
LDI
PLO
LDX

BNF
LD1
FLD
DEC
LDXA
STR
DEC
L0
TR
SEX
GLO
ADC
ZTR
INC
Lo1
FLO
LDl

ee A= R4= ADD LR

RA
fes .
RA
P )
RF
Rs .
L)
0 LK ]
R? .o
RA ..
s ..
oFF
) ..
*+E5 't
oFF ..
RA
R4 ..
R7? ..
R7
9 ..
7
R? LN
RA
R7 ..
R7?
DELTH
RE
cz

16N OF LR
316N OF R
A= LR

GET ZIGH

A= LRy H= F4= ROD R

ADDT EXTENZIONT

R7=iz AL CTEMP)

TEMP= R-LFs 1¢& EITZ
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1380 A9S U199 PLOD RO
1381 493 0200 LR &9
1222 BAS 0201 PHI RA .o RA.1= LEZC "C2"
1383 098 0208 LN R9®
1384 AAS 0203 PLO RA
1385 E&S 0204 3EX RS
133% DF3 02035 SEP RF «o CALL MPLY CDELTH>
1387 044 0206 LN R4 . A= R(7=0
1282 FES -dird ML . GET SI6N
1389 338E3 0208 BDF NEGH .
138R 7é3 0209 SHRC
1380 30918 0210 BR POSH
133E 763 0211 NEGAS SHRC
138F FDOOS 021e Dl 0
1351 BRS 0213 POSAS PHI RA oo RA.1= ARS R .
1392 S74 0214 STR R? oo TEMP,O= RES (R
1393 Foeos 021% LDl CHAR
139% A8} nel1e FPLO RE .o
1396 F3003 i7-4 g L1 0
‘ 1398 AR oe1g PLO RA -
i 1399 273 ne1y DEC R?
139A 873 neeo TR R? ..
139R 173 neel INC &7 «o k7= ADD, OF MULTIPLICAND
139C DF3 peee TEP RF oo CRLL MFRLY cCHAR=ROR)
139D FR24s nees LDl A.OCDELTA-1: ..
139F A9 need FPLO Ro .o
13R0 493 oees LM RS
13R1 FES peee IHL .
13A2 09% heev LN RS
13R3 3BATS neze BNF  FPOZR .o
12A% FDOOS 0ee9 sl 0
13R7 BAS 0230 POSE: PHI &R
12R2 573 ezl TR k7 .
13RS &73 nese DEC k7 eo TEMP= REZ(DELTH:
13AR FBO03 0233 Lol 0
13RC 573 0234 TR R? .e
13AD 173 0e32% INC  R7
12RE ARS neze PLO FRA .o
13AF Fa3lp: 0e3v LDl DEMPE
13B1 RS ug3s FLO k=
13ke DF$ 0239 B 1 S 4 es LCALL MPLY CTEMPZ:
13k2 3§ ae40 . .o = [ELTReec
12R2 Foasd 0241 LDI CHAR
128 A9 nede FLO K3
13Rk8 098 N4 LD F3
1 3BT F43 DEE TS ARDD
13Es 59% 0ze% TR RS
13RS 298 024e DEC RO
12BR &3 neav DEC R%
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P —————_—

13BB 093 0248 LN RS

13BC 748 0249 ADC

13BD 394 0250 TR R9 oo CHAR® ReeZ+DELTReeE
13BE F829} 0251 LDI CHAR

13C0 ABY oasSe PLO RS

13C1 0% 0253 LDN RS se Fm ALFAC» (1
13C2 FS) o254 13 .. A=CHAR-ALFA» LO ORDER
13C3 574 0255 TR R?

13C4 273 02%6 DEC R? .o

13CS 254 0es? DEC RS

13C¢ 8l 1413 DEC RS

1307 453 0es% LbA RS .o

13C8 FBFF} oaec KRl oFF

13CA 743 026 ADC .. HIGH OFDEF BITZ
13CB S73 vzee TR R?

13CC 173 0263 INC  R? -

13CD FaofF} ozedq LDl C3

13CF A9 0265 FLO R9 .o

13D0 498 0266 LDA RO

13D1 BR} 0ce? PHI RF .

13D2 093 0eés LDN RS

1303 AAS 02e9 FLO  RA .o

12D4 Fa3Ds 0E70 Ll TEMFZ

13D6 A8} 0e71 PLO K8 .

1307 DF3 oere SEP RF o CHALL MFLY
1308 053 027z LDN RS

1309 F4} nz74 ADD .o

13DA 553 0evs TR RS

13DB &358 0&7é DEC RS oo

13DC 283 we?r? DEC RS

130D 053 0e73 LDN RS .o

13DE 743 ogre ADC

13DF %53 0280 TR RS -

1380 158 0e31 INC RS .. RS= A.OBOALFAD
13E1 DF3 Oese ZEP RF oo RETURN

13E2 30403 0243 BR MERT

13E4 3 nese END

aaonn
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MEMORY MAP

4K
RAM

76

—0000 (HEX).
WORK SPACE
—0100
ZERO CROSSINGS
AND
PEAK AMPLITUDES
(MAX.128)
—0400
EVENT DETECTION
TIMES
(MAX. 256)
19707070707070"0"070"0"0 0”0 ;:;:;:;: — m
s
—1000
EVENT DETECTION
PROGRAM

UT4
UTILITY ROM

REGISTER STORAGE




W, RTINS

High Pass Filter (C1)

Range: 05t01.5
Resolution: 0.1
Mean: 0.995
Steps: 11
Index Value Real Value Index
0 0.5 0.5000 6
i 0.6 0.6250 7
2 0.7 0.6875 8
3 08 0.8125 9
4 09 0.9066 10
5 1.0 1.000 11-15
Weighting Constant (C2)
Range: 00t 2.0
Resolution: 0.15
Mean: 0.65
Steps: 14
Index Value Real Value Index
0 0.00 0.0000 8
1 0.15 0.14006 9
2 0.30 0.2812 10
3 045 0.4375 11
4 0.60 0.6250 12
5 0.75 0.7500 13
6 0.90 0.9060 14
7 1.00 1.0000 15¢

*Not required in original specification

Value Real Value
1.1 1.1093
1.2 1.1875
1.3 1.3125
1.4 1.4062
1.5 1.5000

“NOT USED”

Value Real Value
1.05 1.0625
1.20 1.1875
1.3§ 1.3750
1.50 1.5000
1.65 1.6250
1.80 1.8125
1.95 1.9375
2.00 2.0000




gg
3
(C3)
Range: 0.2t0 0.8
Resolution: 0.1
E Mean: 0.5
‘ Steps: 7
Index Value Real Value Index Value Real Value
0 0.200 0.2030 13* 0.525 0.5234
1* 0.225 0.2187 14* 0.550 0.5468
2* 0.250 0.2500 o 15* 0.5750 0.5781
3* 0.275 0.2730 16 0.6000 0.6093
4 0.300 0.2960 17* 0.6250 0.6250
5* 0325 0.3280 18* 0.6500 0.6562
6* 0.350 0.3427 19* 0.6750 0.6718
7* 0375 0.3750 20 0.7000 0.7031
8 0.400 0.4062 21% 0.7250 0.7187
9* 0.425 0.4218 22+% 0.7500 0.7500
10* 0.450 0.4531 23* J.7750 0.7656
11* 0475 0.4687 24 0.8125 0.8125
12 0.500 0.5000 25-31 “NOT USED”




(C4)
Range: 0.005 to 0.05
Resolution: 0.005
Mean: 0.025
Steps: 10
Index Value 59_31 Value Index Value Real Value
0.0050 0.0048 10 0.0300 0.0312
1* 0.0075 0.0078 11* 0.0325 0.0332
2 0.0100 0.0097 12 0.0350 0.0351
3= 0.0125 0.0126 13* 0.0375 0.0371
4 0.0150 0.0156 14 0.0400 0.0390
5* 0.0175 0.0175 15* 0.0425 0.0429
6 0.0200 0.0195 16 0.0450 0.0449
7* 0.0225 0.0234 17* 0.0475 0.0468
8 0.0250 0.0253 18 0.0500 0.0507
9= 0.0275 0.0273 19-31 “NOT USED”
Threshold Constant (C5)
Range: 40t06.0
Resolution: 1.0 ]
Mean: 5.0 1
]
Steps: 3 / g
Index Value Real Value “
0 4.0 4.0
1 5.0 5.0
2 6.0 6.0
3 7.0 7.0
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Program Seq.
or Function

Germ Main

Sub Read

Sub Meat

Sub Mply (C1)
Sub Mply (C2)
Sub Mply (R?)
Sub Mply (AR?)
Sub Mply (C3)
Sub Mply (C4)
Sub Mply (C5)

Totals

80

Expected Time Consumption

(Search Mode)
IRI=127
At Average Worst
Values _Case

130 130
20 20
125 125
30 320
30 245
200 200
230 230
50 340
300 320
90 90
1205 2050

1250 inst. = 10 ms)

At Best
Values

130
20

125

200

230

90




Program Seq.
or Function

Germ Main

Sub Read

Sub Meat

Sub Mply (C1)
Sub Mply (C2)
Sub Mply (R?)
Sub Mply (AR?)
Sub Mply (C3)

Totals

Expected Time Consumption

(Validation Mode)
IR I=127 (1250 inst. = 10 ms)
At Average Worst At Best
Values Case Values
100 100 100
20 20 20
125 125 125
30 320
30 245
200 200 200
230 230 230
50 340
815 1660

81




a—
TIS INTEE S S
s A !
G 11t Ps
[
BORRD R (o v o (2 wis ‘
’I BoFr RESET
i [ R 7 |
| | ceocx s BurréA
: Boris® 2 Empr/ron
i
MIERO FPROCESS oR %
\L | — Pe
Co
’ Al -
2N
3 (susers +,506) i \§ [ e e urs
i L WSS R
| ' I ——
1 Fr—{, Py [ NN <
A & il { : Ry 5 %
P2 j N NN ' NI N
X N ' R ™o
b v s Yo
: bY NN NI -
D-+3 N {NE* IR
i p] N RIS i AV
i S N ,{ b
& M e ey
s ! | o
'S }
e L . e -
wi o T S ——— I
13358 N .
AN ; L (sward) _ .
Jisy g ety
NENE RN . C X
N A AV -~
ol 1 S X . — n e
NESESIER ‘ L D comTReqce !
I
4N {
o} 1"'* N . '
J S -
NI — ey [ -
A < Cweer ) ' 00
3 R h e
! i 3y ! ;‘32‘.‘:,2 ‘
sa S 3 . i S S,
. ﬁ : ' . 2 o) !
ot FINAL otV N . MALGE beiay 2975 | Compmwer £
o N X CIRCwITRY - ' YS Aum bAC ‘
i i v 8 L aee) L (sweer 9)
x & i - R
| gl N N g NS
[ N v
i -y v o ol g 3 g
88 N
3 n
- - iV Q Q -3 5
.
N\
Vo Wecovne.
FeonT  FANAL l —_
(swEET 10 ) neod PARY WO, —
—
)
3 [~ GwiEw oT AN ECTIED WAME
& [ NS:0Ng ARE N INCHES ] .
4 roLenances on: y .
™Y [FRACTIONS 11/04 DECRALS 3 .08 ANGLES 1 T AwN
AME 3
FOLDOUT FRAS &
i o
5 ' § -
. ~ FPROVED
t NEXY ASSY USED Om

SRAWING FORWAY SUFC—8.708 19281




REVISIONS
ove DRECAPTION [ 37 APPROVAL
& v W (12 lwts, BorkD 3
BoFr RESET Y
munr L
| | Ceock 4 Burrer |
Borske 2 £mpriron 1
i
! (sme&7 ?)
P i
B Boarp 4 | (¢7,Y9%

[ - Orp Nap Pas
o 5 R Q14 08 1y
: 3! r— - ‘ 7
. \s' Co DurrER 2 LALIT
D A 3 — Y
B NG U A 7

' yio 35
%oy N
| Mwg ¥ (swss7 ?)
‘ R
I l\ Q H % 3
: ;i RIS
! (b i
B e e o ‘
- :
! Boak D" P (1D CO— v8
TR N GC
2 e f
- ___': ; DATE oUTI12 Jinks) | 1
I, ComTRoER F :
| i
1 [ |
| ‘ - i
-/ - omra ovr | /72 /ivas)
r
'. (sweer®) | f:j’;,
T T T T T eata T T T ! I
Ré&nvy Jl ; 1
1
Delay 2978 o _: Compwv el ‘ :
28 \ ORC )
. (sweer 9)
FoInnT T FRAME
~
agav PARY uO. DESCRIPTION WATL WATL SPEC iy oY,
LIST OF MATERIAL
UNLESS OTHERWMISE SPECIFIRD MHAME miv| oarx
onse eI ous ARE 1 INCHES WER . , NATIONAL AERORAUTICS ARD
houtaances on. p. Miee SEISHMIC EVENT SPACE  ADMMSTRATION
IFRAC TIONS $1/04 PECHIALS L .00 ANOLES £ ¥ AWN LU TECTOR DARD SPACE FLIGNT CENT
: GREENBELT, MARYLAND
WECKeo BeOck Dihi&RAM
GC
MEXT ASSY usED o-%w scate IL“' b coos l'"" / or s/

* 35 SOPEPEEEEY PHIETIES ROTKE

190y - it



+5V
Az}
R39 8K
2N22224 7Y
Inf < A
me‘lm ?’XGES Cr-o > (Agklﬂ 1 2 oot ) SOH
JOR QUAT' S0hs so cis k 1 SAMPLE & HOLD
’ CIRCUIT
+5v
®
FRAM
90LDOUT RELEREMCE
S/enva L
\
. 0022
<s,
R3
o) o5 )

Ri

PFS J,
P o 2K cn SAMPLE 8 HOLD

CIRCUIT

+5v
Co40/6 114

Enl | ORI o)

Pruyoo. BRIO 5 ‘

” Wm:m ' "(;" » 1649

Pry, (-]
Feed | Pryzo R8BS 8| Ut PRA
tongnme ey , D0 9 3 FOLDUY L
sWeT  pruo DB 10| AP o [69s/a6 :

9 | praoo-DB0H _ 1 20 o v
| P O‘Dm 12 10028 sqw
Prigo.DB0 13 bechy
acs7 0088w RY on74
PF-3}

Prsu o DGO __ 15

®

CONTRACTY mG

QSFC 8- 104 (B89

ARPLI AT AN

NOTICE. When Government drawings, speci- UNLESS OTHERWIBE SPECIF (20 nhue
fications, or other dats are used for any puep ow.tuman ARE in nCnEs o
Zttm than in connection with adefinitely reiated TOLEmANCES ON DECIMALS t
Jovernmesd procuremem opetation, the Linited S
ISV States Government thereby incurs no responsi- yRacrions ¢ ASBLES [oviTas
bility nor any ubligation whatsnever. and the DONOT SCALE THIS DRAWING 7 CLEMO
- reeTeRYT
fact that (. t Government may have tormulated, avemaL
furnished, of 1n sny way supplied the said Jiaw . uerem W Ml
ings, specifications, or othe: daca, i$ nOL (0 be
regarded by implication ur otherwise as tn any
mannes licensing the holder ot any othet person PR sRSvVES -
ot corpoiation, or conveying eny rights oc per- TTeTTTT T
Wission o Manulacture, use of setl any patented § . 2324 1.b7 - amm
invention that may tn any way be related thereto,
R & kad b T
NERT ARy ¢ LI

®Y ORDEM OF Tul




e Y il ik e e e

REVISIONS -

OESCAIPTION QATR APPROVED

TAEPIIY..

CIRCUIT

Sramr

+5y
128 AlD ‘
&.au.unu‘_.“ 4 aer
— ——_.: 3 pataTo
) '.;‘;‘; 10 3€¢
Z TR Lhuk Duny
- )
5 o) bl SHERT D
I/i L A j:} T°
ol AN 3y mo;:ur.
({13 ¥, A
12 Seer E
A (P 'o)
L]
_&93 nes), E4
#BJ-,QE___O;» 881y
: L8105 g39 DANTA
ESAMPLE & HOLD ,

Conae sy

. mn ME
N

A
/

BIN. o g30 ) TO
tL £3p | Mewo-
36 | SHEET 4
p . ¢:]] ok£3s | Cowx P3

.&—Qé-lo' 1D u#)
s

UNLESS OTHERINE SPECIPIED nane oure cooe GODDARD SPACE FLIGHT CENTER
DINENSIONS ARE 1N INCHES GREENBELT, MARYLAND 20771
TOLERANCES ON: DECIMALS ¢ NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
PRACTIONS * AnGLES ¢ “';_n“ e
. CLEMO
DO NOT SCALE THIS DRAWING erierss \SE[ SM IC PLA TFO RM
WATERIAL W Miise 1/18/’1
[ XPPNDVEY
ANALOG CIRCUIT
am— oo (BOARD | SECTION F)
Liad 1L CODE (OENT WO
MUY APPNETIT G
8o ov
"
WY ONDEN OF TWE DIAECTOR scaLe uNIY Y I“'"' g o /{

[



R A T —— g o i
r , bo-¢ 4049
0-
Catit — —:DE
Fars3o 2000is)5 | £19 [z 3 |
0
pi VT
From 7 ] 0O~/ @ 4
Moot | £37.42 Dlo s &8 _J_H |
34 TTT 1T T -
Scer R N DO-2 Ny g Bopkd |
F ool w2082 s ( £17 ) 1w
B A PIe___ pese ]
2 ——e e T __bo-3 el L resr
Lo & a3 15 £1€ /4___4_ 8 ML_..“ PEs8
E—::‘V'T"r“r'r*r‘r T 7 PE19
7 DO-4 B2 . Sy pE20
P Ve €14 e s - e . didE __ ped)
[v—v—r'r‘ T T ) [ Dok #ER 7o
plos e 7 DO-5 15 )7 MY Ko
7 .___HL Els | s | Iﬂf y /T — cAl
T T = 2t pyvs
FRom — 7 __bo-6p i Ayv
Y4 5,,..% El2 [14_4 317 /7 Py
AfD Tt T
.s;/uﬂ . . S A Do-7 V/\ < ‘
< ﬁ,,_f..—e_“/.sﬁ[ En ‘L/f ) s
[ L A N e |
- L7 D0o-8 6 -
/ - - oo
e 22 s £ [1s | T
{1 R A T N e B
e o7\ DO-9 ﬁ\ 10 | L Bl%e __~e: 7]
3.2 s &8 I_’t_. St e i
L A L L L I wec L L/52 ey
- 12 2763 V-7 |
pro [T g L4 .20 _IO” [!o S E— 7 ¢
2 o D:/ 18 P56
[ R I R = 2724 PE 5
o 7 DO=ll_ma s ] 203 7E o F
o1 W3C)s £E6 r /4 4187 | PE£30
\E4~! . — o L
) 3l 4| sl g olic| n|izjm| | |8  — ? PEY®
L
cero %R0 | | | | | i
SHesT 8
vCC
16 '
9 o
10 o |
cra |40s0]€ — 4 | L4 - -
Swsera | 401!
SDhe SH —2 . 1 et | _ia[TveE
gl r—%~— - —- l—F‘"N-T‘-' e . 3 T " 6 ]
/3 3
1" I ==
14 3
B ﬂ_ NOTICE. ¥hen Government drawings, speci- L £9s OTHERDISE sPgEL” uaug
_ fications, or other data are used for any puwrpose ::l“'o-:‘" * 'l u.n'-ln .
s other than in connection with s delinitely celazed __J " ERANCES O " tnew
Government procuremens operation, the United o NCESON DECIMALS ¢ m".._
Scates Govermmest thereby incurs no respongi- FanCTIoNs ¢ Aucies t T C/EM
bility notr smy obligstion whatsoever. and the DONOT $SCALE THIS DRAWING .,'“."'__.
fact that the Government may have fermulsted, rYXITI '” Mice
waished, or inany w dthe smd dr
:n;: ::nﬁ:u.:nm.:yr:mlc':u: 13 n:c zo.b‘: [
regarded by lql-ulun;‘n' m,bevwnh“ n any | -
. L '." manner licfnnng the holder or any o hey person - el 174
ORIGINAL PAGE T8 oo e s e [ S—
OF P()(‘}R (2[ AL tavention thar may 1n sny way be related therero. o o -
NEAT ASEY L SED On ;
CONTRACT wo - - : i
i ~ 7"7-‘[- Arnun»mw'— o l" aworm gr 1

a8FC 8104 I




REVISIONS

:_:I 10me ORACAIPTION OATE APPAOVED
BoaRd |
iR pen ]
g8 e
Riow P8
§. 7 74
.7 2 FE20
A2 pral
L0k PFR Yo BurEEe;
77 M SVEET ¥
Dicd ___ Kdé cAls - PG
I pis
y) Ayy
i Phyz
- ORYGIN - A
OF po i
OR QUALITY
o 1) PE/
Y TR ) ¥
PE3
b — )
e — g.‘r 7 Svsnie 2 -
‘ :5 SHEET P “(}."D/)_‘
| /3 Ry 4]
| "% p-7 R
] ) PEIO PRAME
——r—%3 0
it o
[}
401 \yee
/
3 _6
z Eq’ ! /‘»-——
7 —
UNLESS OTREREISE SPRCI7IED naug oave cooe GODDARD SPACE FLIGHT CENTER
OiMENSI0NS ARE 18 INCHES Lt ] GREENSELT, MARYLAND T
TOLFRANCES On' DECIMALSE ¢ NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FRACTIONS ANGLES 1 w;m‘/s (\
%_ DO NOT SCALE THIS DRAVING A S E/JM/C PLA TFOR/V\
MATEAIAL W Mitcanw ,//’/"
— DELAY CIRCUIT.
—— o (Boser | sECTIOM £)
E-—-—-—-— Ealieid LB CODE 1DENT WO
] e G
Lh__—.,_—q 19
L Y ORDER OF Tug DIRECTON KaLe uNIY WY F"“' 1 o //




3
]
{
3
z

pors

RIS A STeonE Qe

DATA ALady O PC
y 2 /4;:' s Q
AT, poy - | ‘ P8 SHENT
OATA " T Y] v
~T por g-
[ L0 Y
ver A
[ LT ] !
A ! ;
yo0 ) [
|
|
[
: ~
T
—— ey 4 ;-rn,
FON N 3 PVN
l ;KC
t wry
RN ) 7YY 4
; s "¢
o + [
NETR p
| vy
4 Avs b
pvs
puso
IS ST i
ne
%
L
—
24
AR
CABE
3

—————

1
&
-

p

ms8 sy I
msecy ¥

ngee PARY BO.

UNLESS OTHERW

O EG i8NE ARE 1 INCHES
rocenances on

[PRACTIONS 11/04 DRCMIALS S

WEXT ASSY

h’ A PV N _ _ N o

BRAWING FORMAY B8PC4. 108 420!




(BR8£S

FE L Y
lt - nd

.. 297 L
’ "L

— o RNy
- g S
PR
L : -
P i & T ‘: it
L - | ey }
s - t ":' b ol af/n\‘ @‘ v | e
(3 t J.t 3 - - ow ,
' h d \ ‘ h.‘-:g‘ i ‘ “ P i
- L | g
t, w» - ,
L :‘
Piic 3

ORVGINAL, PACGE 1
OF PR OQUALIT

POTDOUT PRAME

‘ L
| S gy P )

| -

\ %
Page~ L d
: Y X -
o H‘r
v -
Pimey e s
i - - —e—— i - oo -
bt A W .
oY AR TN

B Py IPA R AP
v S0 Pre BE

ATIGRM  AFTINERNTICS A
P AERRYAY VIR
WANE P CPWY
ARSEMRFL T MY AN

FEY .
32" 30 LA sc
v :- e L(:un J’;-o.- ) . 7
e [P




e
- e g
f - B s
- RO ¢ 9 - - J— —_ - $
-— B R - 49— - E
b A - B P TR
I . DO S, T
I_D I If A I PIRE Pyl == ot
¥ I 5 G S | ‘[:{‘T‘“““—" e
414 4 * ’ r } —1
g e : R 44 B 4]
. b-4-4- - [OTRPE - —
dammnen } — e I [ ¥ e D e
it »tﬂi“ 73 1w 1§23 ! 1§21
’ T oy ’“f: o8 s ] Semp 4w mp smm P/ Ao
i B SEERTRERE SOR SR Y 4 4 1 "1t # b b
| | i s el 11 ‘1o ‘13
{ : 1T 11 11 13 &
RO ) I SN O T 1
] i f
l | —— 1 1 — 1 -
4 | ; [1o ety [ Th 1 T
i Yoye iqq 4is i &.4...4.4, + g - >—
4 A b - Py am—
| H I L TREK] e | ,::,,.4
! | - [NTE3% :‘3' -“7_—/011 /822 ——d /g2 1922 a1 /22
H beos 4 - ‘-0—4~<—0 - ’ )
Gyt JPae bl br8 emlld O [ ST o
i ' i sos B e *sben A 4 . b4 44 14
Pl ‘*Tr' — 1 T HEsh I (
Pt | " 1 : 1T 1 T 11 +
[ , . - - - 4 < - - -
! [ '
i i - + 4+ i T {- o e e -
i - e 0 U G " ﬁ 21
T TI- T
s 21 P annass + e e su| r 11
é.s.*” vitdides o | P EPEPU g4 y + — ! —
¢ Ie 4+ - e b ? " —p— S
Y NI A ¢ e [ " a + 444 -+
¢ . + + + 72 S ama B 1932 + 1832 P-4 1633
L - : anse Bl PO )Y 1 rYme -
i : £30 £ BEry T £
; ] ¢ » 4 ‘ 5 44 i s
! . 1T by 11 -
; r-+ TI1T 11 T
1 D B T . 1
| yopy | 1 S EENPS SUNN 0 © § 815 5 SaEpw T
| T™h 1L T
v + H: : — ——
i F - 4y et
: e | _</'2; 83 44 b—-—"lt —
’ b+ | €43 £2v SEmp 2l ) S—_—
b4 4 +— 2 ? 4 [ 'P_—-—-—-
Bl 11 19t T
r— 34 + i + [BS QNN
i .
. i i ‘ ] J -
s : i -
| S :
| i £ :
S i —
—ae { - - —
i -
i Lr o4 ]
T ;
H H - e e L AN
L J ‘ FOLLUUT FRAME i}
3
- i [T —
& ““ ‘.L ages rARY BO. —
r !,._.’.I.d ::L_‘.:
i s yv4s5 ¢ —"UniEes GTHERBI PECIFID
I ad -
s ORIGINAL PAGE B I
v T - 1 ! Foianauces oo,
I 1 ()l‘ ')(K)l{ QL Al‘l rY FAAC TIOWE 11/04 BDECEBALL § 000 ANSLES &t I
|
t 3 wicalp
RLEPRCEE e N AMisr
I 13 .:: 1 ~ b — v
s 3 ~Xaqu® AN UIS Cn « —
lg [ S Cos-3 et - APPROVED
! —_—— sHoeT § wERT AMSY usED on
e -3
et

BEswins PeBNat 08720108




ACVISIONS
we SO0E ST Ion sare APPROVAL
)
_ e g R S
PR - e
IR — e f 4 —— - - .
—— e - -
— 1T 4431, _ -
—— — - . B ¥ - - 4 ———m - -
98 i S G -~ I AR A
"l 1
o » |
e vl - - |
1§32 :—d- ITEXS 1824 g /1812 13 1
ITEES 431~ — ¢ e
pr7 pros ommP L/ ylr] 174
£ » 44 o ¢ b4 <
13- O i I L
- O
_ Pa 3
1 < 1
T 3
. 1r T Ilr
>4 -1
Pt } +4
14
1923 1022 + /822 yrqums -
brr ol samP L 242 omPLll
] 9 44 » 8 44
11T IO 17 BROE I
O il — ne
- _% 4 - b 3
J - — -y Bm—
1 vt ;ZTL } — 1
| U 1 e 1 2L}
- : b P
- 1 ] -4— -
el }—4—4~4
: 193> i 1633 -4 - 1r 33 1922 +—4 I'}i
—— +- —e
afubd £33 + —1£93 £3v 25
‘ E N . s & iy “
SR o - 1] 1 t
1 H e RS 34 ) ll i
1 4 i 4 b4 cqdt — b o fed
-y ~— 4 ; o
- — 4 $44-+ :{? i I% ? va— j
- il 41l s I_. _,Dlﬂ q
: — h—t b——
- 444 o vt
g /022 191 b 44 > [LX3% 16§23 t—igde bt —d /P22
-
s £2v SemPZTien 43¢ fe =Py
: 4 i 1 - ’ - O 44 ] ool
ek il 13 11 T
1T O +8v
: B C 2
L]
| ! 1111 - ™1
3 ) 3 4 - M
4 y é - o 1€
3 vy !
) o3
o ] - H - A
o _ J |
MGINAL PAGE 1S
. g - AMF‘ ORIG )
porhoUT FR Lopon QUATTY
neos ant ue, sencawvies Tl - seec wary oy,
LIST OF MATERIAL
{ VeLE8s OVNIRNST SPECIPIRD [T T wt| sarg
E o0t nssons 408 1 Hucwes L] NATIONAL AERORAUTICS AND
| becsasaces o C_remiic A1 4O ShOCE IO SPACE ACMRISTRATION
PRACTIONS §1/00 BECIALS ¢ 000 ANOLES § I o4 JGODDARD SPACE FLIGHT CENTE
|- - BoARY 4. GREENBELY, MARYLAND T
]ﬂﬁuul o B 2 siemow C DVE
NERY Ay veEo on I‘ Y score wmiy ov cons Imn S eyl

|

LR L L DT T RRT Y Sy

e



ORIGINAL PAGE IS ¢
OF POOR QUALITY,

J)Laoeoéis
LIRS
<
C2l=°
J

\

\

\

RUN P
To Ci18-!

PARY BO.

UNLESS OTHERWISE S$PECIFIEZD
DI NIIONS ART 10 INCHES
FoLERANCES OW:

FRACTIONS £1/64 DECRIALE 2 .08 ANSLES ¢ I*

MECKED

NEXT AsSY

N
C FECENC i

n Clempus |

I— e
APPROVED
USED oN

ARAWING FORMAY SPFC—4.104 (NS




e SRNCITION BAYE APPROYAL
- —— - Yj’f ——
— i
- T - r
e . = : .vl
el viei Sy 321 8 7l 6| 5]l #; 3 2, ¢/ L’_ﬂ“ 41312/
j23 . ELDO [_i i 12Y__g4sv l I _Gasv
L, c56 e 2L cs7 EY, 22 cS8 2
A LE 2 12 L
P L — o 20 M2708 '8 2| M2708 PA
?f”",”é‘”!’;l r‘_p T///JINISFJ'EA—.I 9 [ o] 1| 8] 1v] 5] 16] 7] _]
—h : N
..... — i
! Pc-16
a
T L
| Pc-17
i
GC
j
L | J) J (J ORIGINAL PAGE I§
& b8 6 ¢ a 3 v A
gr-noes OF POOR QuALITY
g 2
.,( FOL.DOUT FRAME
7y
/
el
z {
L] PARY BO. OEMCRIPTION WAYL WAYL $PEC Y wy,
LIST OF MATERIAL
[ UNLESS OTHEAWSE SPECIFIED NAME miT ] OATE
174 NATIONAL AERONAUTICS AND
Pocemcts o C FEegNC MICROpRXESSER SPACE ADMMSTRATION
P RACTIONS 11/5a DECEIALS 2 008 ANOLES § £ LomM DARD SPACE FLIGHT CENTEN
GREEMBELT, MARYLAKD
:F:lmr Boarp 2
F‘EC/;“AL{ ie/n SECTION B ¢C ac
e
NEXT ASSY usED o l ' scaLk Iumv wr coot

]uuv 6 »/

05 COTRBRBEST FrINTION OPTIE 1000 0 - 14407

e m ke A i iade AadniEy © i s 4 ot AR s



J 2l
) . -

e e

PR FOMT §HT OB

7 3 g
f)
m"wu _ ol :
P% “ i | i
C > ‘K ..\ = 3 ..
| B T 22 e : n
Z B 1 ‘
T & . “
L n»” ,D.(:m E M| N"_
_ * 1 3 B = T
Y, : m,_. i
; § i _ _
! - 3 m -
I o o} @ T o mm . I.mﬂ
; yoyyY o =
~ A } ou 2 2
BlE EREEEREGER: LN g §
e c 2235 ¥Ry T2 or~o 5334 3
i H

FCLDOUT FRAME




¥ am |

L1

10

<
2

e

=3

Dars gv s

Oie

b=
4

D24

287

2

~n -
R
¥w 3
N I " 5
|
Y81 1
P
w ¢y
ﬂ A2 ]
S
§ ¥ M
HERE
HIBEL!
« Sle
1 is .,mm
3 [LA5RE |2
%
: :
i i ¥
i
¥ H
Y ;
31} £
L1t :
i

. ! oo Pany Ne
|

|

. «1»-—_1.__,_ —

por— - - -
-
e = 2

=

.

FOLDOUT FRAME




RES& T PCv

O )

Bursse Fini /1 PR AY ©

oo

EvavT pPET. PL3 o—

Son

{ Sona

">

h !
8 o [

Il

14

1(" ;
ot
3 C

2 L 1
Slea

|
8.342

407
€21

S

AT 30)

an 3 oo +3Iv
3 i
Bwrke £ ! A
O w2 ’%}*’ 4 L?ﬁ." [
PB39 ! LI
ook || 8 1A
ConvseT

Joyy

cY
]“

3
(4

[
47

Pe 1o XTAL L‘L{}L\/vf’ -

Clolk j.

|
g
"
2
+5v a
n
t

AlA8)

J Y r004e .s(A//I/epa /4 ST
L_—?%{EZES)"‘ 2ot peg

[;
gory PAGE 1S
QJGINAL FAYE
Eé{[: U\IPOQR_QQDAAYY
(N

/
yo23 ) : b l : ~
s R — .('“;)

10047 - STAR; COEPT

Srare
e PTRes

fre, 2V 0 jo

NOTICE. ¥hen Government drawings. speci-

fications, o1 other data are used for any purpose
othet than inconnection witha definitely related

Government procurement operation, the Unied
States Government thereby incurs no responsi-

bility nor any obligation whatsoever; and the

fact that the Government may have formulated,
tuenished, or in any way supplied the smid draw

ings, specificetions, or ather dats, is not 1o be

regarded by implication or otherwise as in any
manner licensing the older or any other person

Ot cOrpOTation, or conveying any rights or per-
4

Misson 10 manufacture, useor sell any p
invention that may in eny way be relsied thereto.

NEXY ASH'Y uSED ON

CONTRACT MO

APPLICATION

UNLESS OTHEAWSE SPECIFIED naug
DIMENSIONS ARE IN INCHES L
TOLERANCES On: OECIMALY ¢
FRACTIONS ~ ANGLES
DO NOT SCALE THIS DRAWING c. FE
MATERIAL
wW. M

BY ONDER OF

GEFC & 104 (3 80)

FOLDOUT FRAME

e i o g L o . L m midesiemiac o



REVISIONS

v Y0 " svu | toms RICRIPTION oArE APPAOVED
..
% Y 1
c 10 < Cvp
[+14 'Y ,
| ey
clo * .[('
‘ HL— &
[}
» cay 2 —
9| c1q & .paar Mmkl
sene 2 = o
Y] e .
- -4
o\ ] e < pads Cepckt
Blen
N p— Borrer /
1 you 8.5m2 ConTRoL
H:;yj oB3-/3 bRTA Mr /
/ i
ED T
; @ ~PB26 BuUFF RESET]
= J
»
00
1 St .
3 ; To Puysacklire
hesae s R | 1% » LI N Pe-é
b5 5 , , E}' > cié
Aot | 7 7o Recorp Lir€
; 73 “——-o PC‘S
owvVeeT 141k S v
]
"
: _LIJ : Hoil \ Mo
l o <3
L@- <! 7 e Y o P8R~
hor— l M2 |
SOHE
IR ST
P i
401\ ¢ BaNE
&lciy
7
éeT
Seares
4 p
Cre, 12N (7 jo )
UNLESS DTHERWISE SPECIFIED HhuE pave cout GODDARD SPACE FLIGHT CENTER
DINENSIONS ANE IN INCHES GREENBELT, MARYLAND 20771
YOLERANCES OW- DECIMALS ¢ NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FRACYIONS * ANGLES ¢ m ﬂ ”
DO NOY SCALE THIS DRAWING ?'mc' iabalid 2 SEISM\C PLATFORM.
WATERIAL CON“OM‘
| M MLLee | ifadn BeARD | SECTIONG +D
ITFRRSVED COOE IDENTY w0 T
EYrT XPPESURT G
NEXT ASSY USED ON
APPLICATION oy ORDER OF THE DIRTCTOR scaLe umit oY luln 8 o)/

FOLDOUT F}RAME




+011 40!l MopuLe 12 Seer g

tm__am_r‘_;@,b ,

2 Yl 1§31 2|85 p3PO00 (g2 I
5 —

»_:@ o &S " D Do) 8122

PO I8 1 Boa A

i e p B3
PRI ) 583 N ,@-_____ 8i2-3

—@‘ 2 » 5e3

Paao 15 | s3] &5 p* 812y

8y p? 4—~ 3 Do
PBa) 1 5% P, 2| 81 &s | v

84 b¥ S COWserin

From —D e PO,

Pe2d 5% | o ,_,JAN ZR DA

Burrel

ay P __dB% S&CTiow F
2 P23 | 569 '_\, ___zLﬁ"/ —812-7 (1)

SHEST? :
2 84 F | b 55 :

Pave | ol D ’___JL;D?”—————BIZ 2| Pinte= P

P84S 1559 |« 3 3’3 P21

a3 = Dm
Po4Y ) Bob ¢ AIS oY 8/274

e’

»-2{_.;3/ * __:_ETS\ b———-—————-——p m 5/1'/!

PBY3 \ Boni , N

{e) o

D Bom (mse)

l

¢/1-jo DAIR READY 3

i S—
I
eat ame i , s )
3810 k2 I > 8o Bra-16
PR 27531 5 . et
P83 2bo2
BI0 b2 J
-
PBY abod ,l——J
glo p!
PR aBW | o
Fom (1]
Burrer PBé 2% ”?;__—'
] YY1 2 A —
K774 4 Pe? 2 vcé ,’ o
PB8 B ”:
2 20 U
89 ol Coaernaon LGE I

T
\

PBI Qm 1 Ov r\ﬁ';', - ’\LL’M

_:r\,e ,
PBaY 4 DOoIo

Y T 7L —
pPBag 2 tov ':zl

P8I0

/2

/i
alee s
Srare

NOTICE. ¥hen Covernment *."n... e UNLESS OTHERWISE SPECITIFD

’ .N'AL PAGE IS Hnisons. o duin wrewred lo'1 it . DIMENSIONS ARE ‘N INCHES

:‘(hcr than in connection with adefinitely relared TOLERAMCES oW DECWALS
N ;overnment procurement operation, the limited '
b )OR QUALITY] States Government thereby incurs no respones- yRACTIONS t__awoves ¢
bility nor anv obligation whatsnever, and the DO NOT SCALE THIS DRAWING
face that the Government may have formulated, MATEM AL —
furnished, of in any way supplied the said Jraw

AME 1ngs, specifications, or other dats, 15 not 0 he
FUlJDOUT FR tegarded by implication or otheratze gs in any

manner licenving the hotder or any cther person

\\ or corporation, ar conveying anv tights of per-

ci-4 LA L) S R

Mission 0 manulactwe, use or sell any patented
tavention that may in any wav he relaced thereto.

NENT ASE'Y ST D oW

TONTRACY BT

app caTinN

GEPC B 1pA 19 WD




@Y ORDER OF YHE DINECTOR

S“r B REVISIONS
4 svm | 2ome ogICMATION oate APPROVED
jésa -\
£ 812-2
L8123
j 812 v
B/
as %
COVVERTER
4
82 Bokrb !
: 27
a7 S&cTionw F
: (P1)
82 12 Pml‘: Pio )
8/2=/
8/274
82-/8
Rs) 9
, ﬁf&j)\y@
2 10 BIa-16 A h"\-".‘\ RACE '3
818 )0 { R QU.‘, . .
I §
F ' DOUT FRAM]
e
3 g
TWGE I8
ALY
/2
m. 1]
f Spare §
UNLESS OTREARISE SPECIFIED nAue pare coos GODDARD SPACE FLIGHT CENTER
DIMENSIONS ARE ‘N INCHES LLLLO GREENBELT, MARYLAND 2077}
TOLERANCES ON OECINALS * . NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FRACTIONS * ANGLES * !lll !
DO NOT SCALE THIS DRAWING L_:ﬁ”’”“
WATERAL -ﬁag| A l//m /2 B/ (M'5/4/l£
S BowkD | SEcT/on &
Ll 17 4
. g Li37 4] COOE IDENT NO
[EYVT YPFNOVIT G

sCALE

o-//

uNIT 8y

Tuuv g




!
3

e .

(¥4
MK WS JTL T

S

c
Lh#N N/ESHT

LT

Arvd Ty
AL sk
[
oS3~
2 5/ 458+
Cc« P 58, -
Ave P& F € |
g BT
Moo |

WEIGHT

SHORT
AVE.

s2

Miceo RassT “'—2,,7_—1 19
4 sa3 u
RESET Bt -
?o (Juﬂﬁr&" i ﬁ»«
b bl I
i EvevT DaT ul

' RiL-201
L2 Lee ]

Reconrp

ReC-201
L3 (% 7] -
PuayBAck B

LONG
AVE.

cs

Rerswence S sy

o
0 53 ms

NLC _
uTiuTY o s
PRoeUAM! 9

ve

; . .
StSm\C 522
PRO6PHMN Q. .

CABLE
~/

I

ORIGI™ A", PAGE I
L1 QUALITY)

FULDOUT FRAME

\

NOTICE. When Government deswings, specr
fications, orother data are used for any purpose
other than in connection with s definitely relaed

proc operation, the United
States Government thereby incuts Ao respons::
hility mor any obligatidn whatsoever. uad the

fwasshed, of in any woy supplied the said draw
ings, specilicorions, or ather dats, is not i be
regarded by implication or stherwise as in any
manner licensing the nlder or anv vthar pereon
7 corporstion, nr ronveying any rights or per

fact that the Gavernment may have formul pted,

T
_} UNLEBS OTHERTISE S$00C 118D

T BINENSIONE ABE in 1NC wEE

YOLERANCES ON LPLIDALS
FRACTINNG ¢ AuG 28

DO MOT SCALF THIS DRAWING

wAYERIAL

e -

- ——

|

miasion (9 manuiactwe, uaeor sefl gny

inveauon that may tn any waes b relaied 1herets,

§

1

COMTRACT nC

uERT APPY l “6ED On

AR At N

B o

[

»*
i
|

SRFC 6184 18 49

-
oy cerea




REVISIONS

sew | 28w PEIL P T iON [ 1341 APBASVED

COBLe
~

=
EvenT D&T -

| RAL-20) {
PL2 <£§uo

RECoR®
: Rec20l |
L3 L

L pyn.
Peaysack . poOR QU‘;CE’ Iz
L4 Rie-301 uTYj

L8O
PowER

b ]

Gel

FOLDOUT FRAME

v

8

e
VNLESE BTRERSISE SPREIIED wiut oare coet GODOARD $PACE FLIGHT CENTER
BWENSIONS ARE 1 tC S Ll GREENBELT, MARYLAND 20771
TOLEMANCES BN DECHEALS * NATIOMAL AEROMAUTICS AND SPACE ADMINISTRATION
FRAC Y D) AngLES * m
DGNOT SCALT THIS DRAWING T Citmions
wATEMIAL ;Pa‘/’ Pﬂ”“
I H /sty
Mige | /34
PO — |
- _4‘ [N e Seismic Event Der.
b — e e
U | (IPPRETYY €PoL ibEu? wO
i
T —— G
S9ED O 1
-—q‘ "
I~ ATIoN | v CROEA 0F ThE DRECTOR scane vaiy ev j‘“" /0 o0 4/




hibal ot L L Lol

/.

RAUGHT Pi G ix

NIRRT LIS

Yoot

ANt
“‘E"E

4 &id 3¢
xl‘.E"

xrs

s

MICROPROCE SSOA

P 2

By

Sonwo 2

Ty 0y gy Y
[l LT AT Sy aeey

L seard
- =
-
,‘-—.

g& BUFFER .

| i
; ’ ; So4xD
i
Jé ~
—
P y Ps ,P7
L _
Y. l
- T I
1
CONTROL BOARD
Borwo /
oLunanye é
-~J§iﬁ1 |
, i : o~ i
sy Q o ‘
; —
A ;
L) PARY nO. [ 4 41

[ (3] 3

bt neiame 408 W cues
FoLE0ANCES On:

CiFiE naANE [ 134
7 /e i %
[FRACTI0NS 31/04 DECmaLS ¢ .00 AnoLES 2 I q

] £0
e — —
[a 143 i'i
MERY ASSY UMD ON :

AW INE FOBMAY SUFLA (B4 Bre

|




[l PPNV

GC

CONTROL B01AD
BoreD /

RIGINA
OF Pogg . AOE I8
“DCUT FRAvE
A

= — um-..'" OF MATERIAL ‘
[ vkikie SVNEBGIL SPLCIFieh wame WY ] sate
 Sopvmerbyeiing l 7 cumu seismic pearrons | MU SaTIATIN
paac viomt 11/ RCHOLE 1 008 SEOLES ¢ ¥ CRBLING JCODDARD SPACE FLIGNT CENTEN

GREENDELY, MARYLAND

fecact lum' . cone }uuv /" »l

T




LT

VL suuk NuAaL LY

Q
h-u-l
sS4 83 82 81 $13 812 SN 810 9 s20 S¥ U
C OO0 O0O0OLVwOOoO OO0 O
M M L]} EVENT
GAIN SHORT AVE "er LEVEL DeT.
88 87 s 1] s s17 S8 818 Su4 12
OO0 00O OO0 O0O0 O
M CTTY RECORD ”
WEIGHT 1ONG AVE
Orre
e e
FOLDOUT FRAME
atee PARTY NO. nni
[ UHLESS CTnidwits SPECIFIRD | uam$ T
O,"’.' “re- . . :::::: " nee LI 1]
A ’ TS cn:n- 16766 SECWALE T OIS ANGLED T I

—1‘,’.6 vEE

-+

HEXY ASSY LLE D Ow

JESEES Y 2 raer T

nAs Wik SimaY capr




J REVISIONS
e DESCRIPTION oaTE APPROVAL
Q
o)
§20 S¥ u $24 ON
M EVENT 1CRO roweR
REr LEVEL DFT, 8'"2
P RUN
L2 13
O O w0 Om
RECORD PLAYBACK V RUN RESET
ORIGHy
PO AL p
OF A AGE 1 ’“’OLDOUT r
VALPT RANE
"Leo PART HO. DAKCAIPTION WATY, WATL SPEC yaIT oY,
LIST OF MATERIAL
[“"VINLESS OTHERWISE $PECIFIED NaME WIT | DATE
e Faowr P, Lavour | wig e o
racyions s1/es oRCMALS £ 008 angLEs ¢ 3o [OREARW M JGODDARD SPACE FLIGHT CENTER
LB GREENBELT, MARYLAND
HECKED Sersmc Event DeT.
}ﬂﬂ'ﬁ'ﬁw
GC
L_n_lmv .
HEXT ASSY USED ON e sCALE /:l FIIIT 124 coot £ T.nuv or

L S N S - RTRNAT U




BIBLIOGRAPHIC DATA SHEET

80673

1. Report No. 2. Government Accession No.

3. Recipient’s Catalog No.

4. Title and Subtitle
Applications of Satellite Data Relay to Problems

of Field Seismology

5. Report Date

6. Performing Organization Code

7. Author(s) W, J. Webster, Jr., W. H. Miller,
R, Whitley, R. J. Allenby und R. T. Dennison

8. Performing Organization Report No.

9. Performing Organization Name and Address
Geophysics Branch, Code 922
Goddard Space Flight Center
Greenbelt, Maryland 20771

10. Work Unit No.

11. Contract or Grant No.

13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address

NASA/Goddard Space Flight Center
Greenbelt, Maryland 20771

14, Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

A seismic signal processor has been developed and tested for use with the NOAA-GOES
satellite data collection system. Performance tests on recorded, as well as real time, short
period signals indicate that the event recognition technique used (formulated by Rex Allen)

is nearly perfect in its rejection of cultural signals and that data can be acquired in many
swarm situations with the use of solid state buffer memories. Detailed circuit diagrams are
provided. The design of a complete field data collection platform is discussed and the employ-
ment of data collection platforms in seismic networks is reviewed.

17. Key Words {Selected by Author(s}} 18. Distribution Statement

Unclassified Unclassified

19. Security Classif. (of this report) | 20. Security Classif. (of this page) 21. No. of Pages | 22. Price®

*For sale by the National Technical Information Service, Springfield, Virginia 22151, GSFC 25-44 (10/77)

m

O o - g5~




	1980019370.pdf
	0001A02.TIF
	0001A03.TIF
	0001A04.TIF
	0001A05.TIF
	0001A06.TIF
	0001A07.TIF
	0001A08.TIF
	0001A09.TIF
	0001A10.TIF
	0001A11.TIF
	0001A12.TIF
	0001A13.TIF
	0001A14.TIF
	0001B01.TIF
	0001B02.TIF
	0001B03.TIF
	0001B04.TIF
	0001B05.TIF
	0001B06.TIF
	0001B07.TIF
	0001B08.TIF
	0001B09.TIF
	0001B10.TIF
	0001B11.TIF
	0001B12.TIF
	0001B13.TIF
	0001B14.TIF
	0001C01.TIF
	0001C02.TIF
	0001C03.TIF
	0001C04.TIF
	0001C05.TIF
	0001C06.TIF
	0001C07.TIF
	0001C08.JPG
	0001C09.TIF
	0001C10.JPG
	0001C11.TIF
	0001C12.TIF
	0001C13.TIF
	0001C14.TIF
	0001D01.TIF
	0001D02.TIF
	0001D03.TIF
	0001D04.TIF
	0001D05.TIF
	0001D06.TIF
	0001D07.TIF
	0001D08.TIF
	0001D09.TIF
	0001D10.TIF
	0001D11.TIF
	0001D12.TIF
	0001D13.TIF
	0001D14.TIF
	0001E01.TIF
	0001E02.TIF
	0001E03.TIF
	0001E04.TIF
	0001E05.TIF
	0001E06.TIF
	0001E07.TIF
	0001E08.TIF
	0001E09.TIF
	0001E10.TIF
	0001E11.TIF
	0001E12.TIF
	0001E13.TIF
	0001E14.TIF
	0001F01.TIF
	0001F02.TIF
	0001F03.TIF
	0001F04.TIF
	0001F05.TIF
	0001F06.TIF
	0001F07.TIF
	0001F08.TIF
	0001F09.TIF
	0001F10.TIF
	0001F11.TIF
	0001F12.TIF
	0001F13.TIF
	0001F14.TIF
	0001G01.TIF
	0001G02.TIF
	0001G03.TIF
	0001G04.TIF
	0001G05.TIF
	0001G06.TIF
	0001G07.TIF
	0001G08.TIF
	0001G09.TIF
	0001G10.TIF
	0001G11.TIF
	0001G12.TIF
	0001G13.TIF
	0001G14.TIF
	0002A02.TIF
	0002A03.TIF
	0002A04.TIF
	0002A05.TIF
	0002A06.TIF
	0002A07.TIF
	0002A08.TIF
	0002A09.TIF
	0002A10.TIF
	0002A11.TIF
	0002A12.TIF
	0002A13.TIF
	0002A14.TIF
	0002B01.TIF
	0002B02.TIF


