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b INTRODUCTION

The World-Wide Standardized Seismograph Network (WWSSN}l was
installed during the early 19640's and used photographic paper as
the medium to record the seismic data. The WWSSN network is
still a primary system used to obtain world-wide seismic
information. During the past several years, significant process
has been made in modernizing the global seismioc network. The
global seismic network consists of both the analog recording
network (WWSSN) and the Global Digital Seismograph Network
(GDSN) . The GDSN is composed of systems as the Seismic Research
Observatories (SRO), modified High-Gain Long Period Stations
(ASRO}, and now the Digital World-Wide Standardited Seismograph
Network (DWWSSN) stations. A Digital Recording System (DRS)
has been designed for upgrading WWSSN stations to DWWSSN
stations.

One objective of recording the WWSSN data in a digital
format was to record the WWSSN seismic data on magnetic tapes
for computer analysis. The WWSSN stations that are converted to
DWWSSN stations with the DRS will continue to record the
seismic data on photographic paper, as in the past, as well as
record the seismic data in a digital format on magnetic tape.
The magnetic tapes are sent to the United States for
dissemination to world-wide seismic data ‘users. The
photographic records will.also be sent back to the United States
for microfilm copying. The GDSN digital tapes are processed by
the Albuquergque Seismologial Laboratery into digit&l day tapes.
A day tape contains all the reporting GDSN stations seismic
information for one day on a set of magnetic tapes. Normally,
these digital day tapes are available to users in approximately
60 days after being recorded by the GDSN stations.

The DRS modification to WWSSN stations provides additional



improvements by replacing the electo-mechanical cloocks with

electronic digital time encoders and the solid state amplifier

unit. The amplifier unit provides short-period, long-period,
and new intermediate-period seismioc data channels. This
amplifier unit also drives  the photographic recording

galvanometers directly, which eliminates the. LP galvanometer
control bores, and allows the LP galvanometers to be replaced
with 8P galvanometers, vet still providing the same WWSSN LP
response.

The telemetered version of the WWSSN DRS allows many degrees
of flexibility in system configuration. It is possible to wuse
the telemetry equipment in conjunction with the WWSSN console or
use it as a separate system with a stand-alone time encoder
unit. The telemetered version allows the seismometer site to be
separated from the central recording site. The remote system
and the central system are connected together by a 2400-baud
link such as a dedicated four-wire telephone circuit.

The digital data is oonverted at the oentral recording
system into individual SP, IP, and LP analog channels for analog
recording. One helicorder is provided with each DWWSSN system
and any one of the converted analog channels may be displayed by

switch selection of the desired channel .



2 . BACKGCROUND

The Digital Recording System (DRS) for telemetered DWWSSN
stations uses similar microprocessors, hardware, and electronic
subsystems as the regular DWWSSN DRS stations. The major system
changes are in the operation and system software modifications.
The DWWSSN DRS stations use two miocroprocessors for commmand and
control of the DRS. The telemetered DWWSSN stations use five
microprocessors and have a special multichannel
digital-to-analog display unit as well as a programmable-current
calibrator unit. In addition, the telemetered WWSSN DRS
stations can be used a seperate system without the requirement
of a WWSSN console for the Digital Time Encoder (DTE) unit.
Software has been written for using either the DTE unit or a
seperate commercial digital encoder system, such as the Systron
Donner model 8110 Digital Clock with the digital options.

The initial requirement of the DWWSSN DRS was to only
record the WWSSN seismic information, that is one short-period
(SP) data channel and three long-period (LP) data channels.
Early in the development cycle, the amplifier design took
advantage of the broadband characteristics of the WWSSN LP
seismomters and provided both the LP as well as
intermediate-period (IP) data from one LP seismometer. This
increased the number of data channels from four to nine; three
LP channels, three 1P channels, and three SP channels.
Normally, only one SP channel (8PV) is recorded at a DWWSSN DRS
station.

The final microprocessor selection was determined by

capacity, speed, performance, and simultaneous operation with
other microprooessor and radom-access memory (RAM) units. The
initial four-channel design used a single-board 8080
microprocessor unit and a four-kilobit memory board. With three

types of seismic data (SP, 1P, and LP), each type having three



channels, and two of these types (IP and SP) requiring event
deteocion programs, a much larger and faster mioroprocassor
system was required. The option for event deteotion recording
for IP and SP data, with pre-event data a requirement, created a
unique queuing problem during a large event. As a result of
this queuing problem, another mioroproocessor was assigned the
task of queue master and magnetic-tape transport controller.
The size the RAM memory board was increased to 1é6-kilobits in
size. This 1é6-kilobit memory provides temporary storage for two
LP records, three IP records, and three SP records in temporary
memory. This size of memory provided for up to two pre-event
records for IP and SP event recorded operation and eliminated
the queuing problem, Normally, only one pre-event record is
written for IP and SP events
The selection of the magnetioc-tape recorders went from
cartridge recorders to reel recorders as the design progressed.
The tirst analog-to-digital converter was a low <cost
14-bit gain-ranged mnultichannel ADC unit, but it was changed
early in the design by the seismic advisory panel's
recommendation for a 16-bit straight binary multichannel ADC

unit.



3 . DWWSSN DRSS TELEMETERED

SYSTEM

3.1 GENERAL

A telemetered WWSSN DRS system, as shown +in figure 3.1,
consists of two major systems: a central system, and 2a remote
system. The amplifier assembly and seismometer configuration is
shown in figure 3.2. Normally the photographic recording
equipment is not used at the remote system. The amplifier
assembly is thé same unit used with the WWSSN DRS systems and
has the capability for providing WWSSN LP photo signals to the
WWSSN galvanometers and photographic drum recorders.

The central system consists of: three microprocessors, RAM
memory storage, digital time encoder, digital-to-analog display

unit, magnetic-tape formatter and tape unit, 2400-baud modem,

and control panel - all mounted in a standard 19-inch equipment
rack. Microprocessor One has all timing, remote control code
transmissions, data formatting, event detection,

digital-to-analog display tasks, and overall control functions
for both the central and remote system. Microprocessor Two
controls the reception of all seismic data information from the
remote system. Microprooessor Six controls the digital tape
formatter and magnetic-tape recorder . The 16-kilobit RAM memory
provides the temporary data storage for the last three
short-period (SP) records, the last three intermediate-period
(IP) records, and the last two long-period (LP) records. The
digital-to-analog units converts all incoming digital data into
analog traces for each of the system setsmic channels. The
control panel contains the necessary system switches for: system

configuration, SP event detect parameters, 1P event detect



parameters, telemetry line status checking characters, remote
calibrations selecotion, and system start/reset control. The
2400-baud, telephone-line modem is for communication over the
four-wire, full-duplex telephone ocircuit.

The remote system oonsists of: three microprocessors, 16-bit
binary analog-to-digital converter, constant-ourrent
calibrations unit, and a 2400-baud modem. Microprocessor Three

controls the reception of all of the ADC Codes, Calibration

Codes, and Status Codes from the central system via the
telephone modem oirocuit. It passes the appropriate oodes to
either M!etoproceséot Four, the ADC and transmission
microprocessor, or Mioroprocessor Five, the calibration
prooessor. Microprooessor Four uses the ADC code data to

control the analog-to-digital converter as to type of data

conversion, that is SP conversions, SP and IP conversions, or SP

and LP conversions. During SP conversions; amplifier saturation
(AMP SAT), telemetry status information, and calibration
information are transmitted back to the central system.

Microprocessor Five is the control for the WWSSN Programmable
Current Calibrator which can provide various current levels for:
SP daily calibrations, LP daily calibrations, SP step
calibrations, LP step calibrations, SP response oalibrations, IP
response calibrations, LP response calibrations, and LP Photo
response calibrations. .

The WWSSN DRS telemetered system will process one SP
channel, three IP channel, and three LP channels over a standard
2400-baud telephone line. The absolute telephone line delay is
critical for sucocessful operation. The maximum two way
telephone line delay of 15-milliseconds or less will not cause
system failures. This corresponds to approximately 300 circuit
miles or less typically. Most telephone companies will! only
guarantee 50-milliseconds one way delay or 100-milliseconds two
way absolute circuit delay. Before installation of this type of
system, special telephone line delay tests should be conducted
to insure the 15-millisecond or less absolute two way line delay

is possible.
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3.2 MICROPROCESSOR ONE

Microprocessor One is an 80/20-4, 8080 Central Processor
Unit (CPU) based system. This microprocessor is the primary
command and control unit for the entire DWWSSN DRS Telemetry
System. Microprocessor One has all the time acquisition, timing
control, ADC code transmission, telemetry status code
transmission, data record formatting, SP event detection, IP
aevent detection, record write control, DAC control, telemetry
status verification, and overall system control. When
Microprocessor One malfunctions the entire system malfunctions.

Miocroprocessor One recejves a timing pulse from the Digital
Time Encoder (DTE) every 50-milliseconds,which corresponds to a
20-sample-per-second time rate. A DRS time frame is
S50-milliseconds in duration. All code transmission, data

recejving, ADC vertfication, DAC functions, data formatting, and

event detection must be completed within this time frame. At
the beginning of every SP, 1P, or LP data record, time
information is obtained from the DTE. This time information is

part of the header data. Figure 3.3 shows the format of this
header information. Figure 3.4 shows the header and data
placement within each data record. Records are 1000 words (2000
8-bit bytes) in length containing 10 words of header information
and 990 words of binary data. Figure 3.5 shows the various SP,
IP, and LP records in temporary memory. The number of records
for each type of data prnvides for one or two pre-event records
of SP or IP data at the beginning of event detection mode of
recording and eliminates the queuing problem of writing a large
number of different records at the same time during large
earthquakes.

Four different ADC Codes are transmitted by Microprocessor
One to the remote system's Microprocessor Three. The codes and
the time sequencing are shown in figure 3.6. The pattern shown
in figure 3.6 provides 20 SP conversions, 10 IP conversions, 1

LP, and system gtatus functions for a one-second time frame.



This one-second time frame is repeated every second throughout
the recording time period.

After the appropriate ADC Code, Calibration Code, or
Telemetry Status is transmitted for the next time frame
conversion; Microprocessor One reads header time for beginning
new records according to the ADC Code just transmitted.
Completed record addresses are sent to the SP, 1P, or LP record
write mailboxes. It SP or 1P event-on flags are not set, no
records will be written for this type of data. The first 8P or
IP set of records written for event detected events will have
one pre-event record written first. This record will contain
the event-on flag set in bit q, byte .10 of the header.
Microprocessor One wil] then process the data received from the
remote system for the previous time frame. The receiving unit
is Microprocessor Two, which stores the received data in a
temporary memory location in the 114 RAM memory unit for use by
Mioroprooessor One.

Microprocessor One first converts the received data as
individual analog channels through the Digital-to-Analog
Multiplex System which provides an analog output for each SP,
Ie, and LP seismic data channel. Next, Microprocessotr One
formats and stores the received data into appropriate SP, 1P, or
LP records . After formatting and storing the data,
Microprocessor One checks the system configuration for
continuous or event detection SP operation and for continuous or
event detection IP operation. If the system 1is configured for
either SP or 1P event detectxon mode of opgration, the
appropriate SP and/or IP event detection algorithm is processed.

The system's configuration and SP or IP event detection

settings can be set by front-panel thumbwheel switches as shown

in figure 3.7. After the event detection process,
Microprocessor One does the house keeping tasks such as
Telemetry Status verification, ADC Code errors, and Calibraton
Code generation. Then Microprocessor One returns to the

beginning of the program to wait for the next S0-millisecond

pulse from the DTE to start a new time frame and ADC sequence.

10



STATION 1.D.

WORD 1
SAMPLE RATE
1'S OF YEAR 100'S OF DAYS
WORD 2
10'S OF DAYS 1'S OF DAYS
10'S OF HOURS 1'S OF HOURS
WORD 3
10'S OF MINUTES 1'S OF MINUTES
e e e e e o e - e e e e et e e s em e - - e - e e - e am e o e e e e = e e o - -
10'S OF SECONDS 1'S OF SECONDS
WORD 4 .
100'S OF MILLISEC. 10'S OF MILLISEC
NUMBER OF CHANNELS PER RECORD
WORD 5
SYSTEM STATUS BYTE *
DIGISWITCH #B (SP EVENT)
WORD 6
DIGISWITCH #C (IP EVENT)
DIGISWITCH #D (CONFIGURATION)
WORD 7
CALIBRATON CODE
ADC CODE ERROR TYPE 1
WORD 8
ADC CODE ERROR TYPE 2
NOT USED
WORD ¥
NOT USED
NOT USED
WORD 10
NOT USED
b d not used

,3 = LP/1P Pre-Amp Satura

= not used.
Calibration On Flaag.

N L. O
ol b

Figure 3.3 DRS HEADER RECORD

11

ticn V,NS,EW.

Event On Flaa. beginning ot event.

INFORMATI10ON



10 word
header

990 words
of data

1,000

Figure 3.4

DRS SP,
(1000 words or

1P,

SHORT PERIOD

SHORT PERIOD
2,001

SHORT PERIOD
4,001

INTERMEDIATE
6,001

fe = e - ——— - -

INTERMEDIATE
8,001

T

INTERMEDIATE
10,001

12,001

e T R

14,0001

LONG PERIOD RECORD #1

LONG PERIOD RECORD #2

RECORD #1

2,000
RECORD #2

4,000
RECORD #3

6,000
PERIOD #1

8,000
PERIOD #2 .

10,000
PERIOD #3 -

12,000

14,000
................... i

16,000

Figure 3.5 DRS

16,000 RAM Memory Map

12

And LP DATA RECORDS
2000 B8-bit

bytes)




ADC TIME SP P LP
CODE PERIQOD CHANNELS CHANNELS CHANNELS
(50 millisec.)

11 1 1 3
____________________________________________________ .

10 2 1 3

11 3 1 3 1

12 * 1 q 1
[T ITTTTTTSSIoSTS msmsmmsoocoooe osossoooeoooooos .

11 S5 1 3

13 % 2 é 1

11 7 1 3
____________________________________________________ J

12 w1 8 1
.................................................... .

11 9 1 3
---------------------------------------------------- -

13 *2 10 1

11 11 1 3

12 * 1 12 1

11 13 1 3

13 *2 14 1

11 15 1 3

12 * 1 14 1

11 1? 1 3
____________________________________________________ 4

13 * 2 18 1

11 19 - 1 3 W

12 * 1 20 1 ]

* 1 Time frame for CAL and AMP-SAT information being

returned from remote system.
* 2 Time frame for TELEMETRY STATUS informatiocn being sent
and received.

Figure 3.6 DRS TELEMETRY ONE SECOND SEQUENCE SCHEDULE

13



Sviteh Position 0 1 2 ) 4 ) 6 7 . [} 9 .10 11 12 13 14 13
Switch T(Telemetry| 0 1 2 b ] & s () 7 L} 9 X X X X X X
Test Value) " |don't| don't | don't]| don't | don't| don't
use use use use use use
: —
)

Switch B3 (SP
event detection
constante)
(314 2,67 3.20{ 2.46{ 3.20] 3.56f 2.46( 3.05{ 3.56| 2.46( 2.91( 3.20( 3.56( 2.29{ 2.67{ 3.20| 4.00
STA SP 16 16 [] 8 8 ] 8 [] 16 16 18 16 32 32 32 12
LTA S? 64 (1] 64 64 66 | 128 | 128 | 128 | 128 | 128 | 128 128 128 128 128 128
Switeh € (1P
event detection
constants) 100 200 300 | 400 500 600, | 700 800 900 1000{ 1600 2200 2800 3600 4200 |. 4800
Switch D sP ALl No All No sP End

Ev.* SP sP Sp SP | A of

1P No All | ALl | 1P No N File

Ev.ol 1P 1 P Ev.%| 1P -~Continuous LP only(no SP, no IP)~———~we--uee Mark

All ALl All All All All

Lr LP LP LP LP LP

. Note: SP off limit * 10 minutee, SP on limit = 30 minutes.

IP of{ limit = )2minutes.

#"SP Ev." mesns only SP events, not continuous SP deta, are recorded.

Figure 3.7

Microprocessor One transmits command

systen from its serial
telephone circuit. Time
exchanged with the DTE
information is transferre
unit 1n a similar manner
between Microprocessor
Microprocessor Six is by
Memory. Instructions

"MAILBOX" messages placed

One has the highest multibus priority,

(Same meaning for "1P Ev.")

THUMBWHEEL SWITCH SETTINGS

codes to the remote

port through the 2400-baud modems and

reques

throug

ts and t

h a parallel

ime

information are

port. Digital

d to the Digital-to-Analog Multiplerer

through
One
the mu

a parallel

port . Communication

and Microprocessor Two or

lti1bus link

to the 116 RAM

are passed between microprocessors via

in the

114 RAM Memory. Microprocessor

next priority, and Microprocessor Sizx the

1164 RAM Memory has no pro

the multibus.

Microprocessor Two the

lowest priority. The

cessor functions and

is a slave unit on

The SP event detection algorithm was developed by Dr. L. G.

14



Holcomb of the USCS. His algorithm uses peak-to-peak data
values of the SP seismic data. These peak-to-peak values are
stored in a short-term array (STA) and in a long-term array
(LTA). This data is first stored in the beginning of the STA
array. As new data is received the older data shifts through
STA and then through the LTA. The oldest data in the LTA is
shifted out and no longer used. The lJength of these arrays are
shown in figure 3.7 as “STA SP" and “"LTA SP". These array
lengths are decimal numbers representing the number of stored
peak-to-peak values. The selection of thumbwheel Switch B will
select one of the 146 different SP event-detection constants sets
for STA, LTA, and KSP.

The LTA average data value multiplied by KSP will be compared
with the the STA average data value. When the STA average
exceeds the LTA * XSP average product, an event-on is declared.
The LTA array is frozen for the duration of the event and only
the STA values are allowed to change during the event. This
algorithm will use the KSP * LTA average product to determine
when the event (STA average) does not exceed the test value for
ten minutes to deolare the event-off condition.

The IP event detector uses IP event-detection oconstants
selected by Switch C. This IP event detector is very simple in
that any time the IPZ data value exceeds the IP constant, an 1P
event-on is declared. The event-off will take place after the
IPZ data stays smaller than the IP constant for 12 minutes.

Switch D selects the system configuration as to continuous
or event-detected data and to type of seismic data being
recorded. All SP, 1P, and LP data are being received and
displayed at Central System, but only the selected seismic data
are being recorded on the magnetic-tape recorder.

The 8080 program listing is presented in appendix A.1.



SECTION 3.3 MICROPROCESSOR TWO

Microprocessor Two is an 80/20-4, so8o0 CPU based system.
This microprocessor is the primary receiving unit for the DRS
central system. Microprocessor Two's function is to receive the
24900-baud data transmission from the remote system through the
modems and telephone network. Every 50-millisecond time frame,
Microprocessor Two receives two synchronization bytes and nine
data bytes. After recetving the eleven byte&, the nine data
bytes are transferred to the 114 RAM memory Afor processing by
Microprocessor One. Figure 3.8 shows the temporary storage of
these nine data bytes in Microprocessor Two'§ RAM area. Figure
3.9 shows the transfer location of these nine data bytes into
the 116 RAM area. The serial transmission operation of the
80/20-4 units adds one additional parity bit to every eight-bit
byte that is transmitted. The time required to receive the
eleven bytes of information is 41 . 25-milliseconds. The two
synchronization bytes must be received perfectly before any data
bytes will be accepted. These two synchronization bytes define
the sync word for proper frame start operation.

The first data byte is the ADC Code associated with this
data frame . The next two data bytes are the single SP vertical
data. Depending upon what data frame and ADC Code, the next six
data bytes will be either: JIPV, IPNS, IPEW, or LPV, LPNS, LPEW,
or CALIBRATION CODE, AMP SAT, or TELEMETRY STATUS INFORMATION.
In the transmission of CALIBRATION CODE, AMP SAT, OR TELEMETRY
STATUS, unused data bytes are transmitted as zeros.

The 8080 program listing is presented in appendix A.2.
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UP-2 RAM

ADDRESS BYTE # TYPE OF DATA
38FF BYTE 1 ADC CODE.
3900 BYTE 2 MSB SP
3901 BYTE 3 LSB SP
e et At ctr e —m e — e —————————— ]
3902 BYTE 4 MSB LPV, LPV, AMP SAT, TEL STAT.
3903 BYTE S LSB LPV, 1PV, CAL CODE.
3904 BYTE 6 MSB LPNS, IPNS
L e e e mmm e ]
3905 BYTE 7 LSB LPNS, IPNS
r ------------------------------------------------------- e
3904 BYTE 8 MSEB LPEW, IPEW
———————————————————————————————————————————————————————— -4
3907 BYTE ¢ LSB LPEW, IPEW
Figure 3.8 MICROPROCESSOR TWO RAM RECEIVE AREA
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UP-2 . TRANSFER 11464 MEMORY
RAM Y3200 TO »»))>> RAM
ADDRESS BYTE # ADDRESS
38FF BYTE 1 FFQO
3900 BYTE 2 FFO1
3901 BYTE 3 FFO2
3902 BYTE 4 FFO0O3
3903 BYTE § FFO4
3904 BYTE 4 FFOS
3905 BYTE 7 FFOS6
e o e e e e e e e e e e e e e e e e e e e e e e -4
39046 BYTE 8 FFO7
.................................................. .
3907 BYTE ¢ FFros
Figure 3.9 MICROPROCESSOR TWO RAM TRANSFER TO 114 RAM
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SECTION 3.4 MICROPROCESSOR THREE

Microprocessor Three is an 80/20-4, 8080 CPU based system.
This microprocessor is the primary receiving unit for the DRS
remote system. Microprocessor Three's function is to receive
the 2900-baud, command-control code transmission from the
central system through the modems and telephone network. At the
beginning of every S0-millisecond time frame, Microprocessor
Three receives two synchronization bytes and two command-code
bytes. After receiving the four bytes, the ADC Codes and
TELEMETRY STATUS are transferred to Microprocessor Four.
Calibration codes are transferred to Microprocessor Five.

Transfer of information between Microprocessors Three, Four, and

Five is accomplished By parallel port to parallel port
communication rather than the multibus communication. With the
multibus technique, microproocessors can exchange information

with "SLAVE" units such as 116 RAM memory boards but nect
directly with other microprocessors or "MASTERS".

The 8080 program listing is presented in appendix A.3.
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SECTION 3.5 MICROPROCESSOR FOUR

Microprocessor Four is an 80/20-4, 8080 CPU based system.
This microprocessor is the primary transmitting unit for the DRS
remote system. Microprocessor Four's function is
analog-to-digital conversion of the appropriate seismic channels
and transmission of the 2400-baud data to the central system
through the modems and telephone network. Every 50-millisecond
time frame, Microprocessor Four receives one or two command code
bytes for proper ADC conversion. The second byte transfer
ccecurs during the ny13n ADC conversion time period and is the
TELEMETRY STATUS byte that was received from the. central system
and will be echo transmitted back to the central system for
telemetry verification. Figure 3.10 shows the Microprocessor
Four's RAM location of trensmitted data bytes. Two synch-
ronization bytes are transmitted first to provide proper frame
start operation. The serial transmission operation of the

80/20-4 units adds one additional parity bit to every eight-bit

byte that is transmitted. The time required to transmit the
eleven bytes of information is 41 .2%-milliseconds. The first
data byte is the ADC Code associated with this data frame. The
next two data bytes are SP vertical data. Depending upon what

data frame and ADC Code, the next six data bytes will be either:
IPV, IPNS, IPEW, or LPV, LPNS, LPEW, or CALIBRATION CODE, AMP
SAT, or TELEMETRY STATUS INFORMATION. In the transmission of
CALIBRATION CODE, AMP SAT, OR TELEMETRY STATUS, unused data
bytes are transmitted as zeros.

In addition to digitized seismic data being transmitted back
to the central system, other status information is transmitted
back during certain ADC-Code time frames. The TELEMETRY STATUS
information is echo transmitted back during the ADC-Code-13 time

frame. Every ADC-Code-12 time frame has the CALIBRATION and
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AMPLIFIER 8ATURATION information transmitted back to the central
system. Any calibration in progress by the Remote Programmahle
Current Calibrator will be identified by calibration code
number . The LP and IP preamplifier sections are monitored for
saturation or clipping conditions. Preamplifier saturation or
non-saturation information is transmitted baock to the central
system.

The 8080 brogram listing is presented in appendiz A.4.
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UP-4 RAM
ADDRESS BYTE # TYPE OF DATA
38FF BYTE 1 ADC CODE
e e e e e s mrmmm e ——_,——————————— {
3900 BYTE 2 MSB SP
3901 BYTE 3 LSB SP
3902 BYTE 4 MSB LPV, LPV, AMP SAT, TEL STAT.
3903 BYTE § LSB LPV, 1PV, CAL CODE.
3904 BYTE 6 MSB LPNS, IPNS
e e e e e e r et f et mrrrem . Emmrm e mm e ———————
3905 BYTE 7 LSB LPNS, IPNS
39046 BYTE 8 MSB LPEW, IPEW
3907 BYTE ¢ LSB LPEW, IPEW
Figure 3.10 MICROPROCESSOR FOUR RAM RECEIVE AREA
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SECTION 3.6 MICROPROCESSOR FIVE

Microprocessor Five is an 80/20-4, 8080 CPU based system.
This microprocessor is the control unit for the DWWSSN
Programmable Current Calibrator. Calibration Codes are
activated, from the central system, by operator selection of the
desired levels and types of calibration from the front panel
thumbwheel switches and manually pressing the "ACTIVATE: SWITCH".

These Calibration Codes are transmitted to the remote system's

Microprocessor Three. Microprocessor Three then passes the
Calibration Codes to Microprocessor Five, whioh wuses these
Calibration Codes to select one of 29 calibration programs. The

Programmable Current Calibrator uses these 29 programs to

synthesize: step, daily sine, and full frequency response
calibration signals for DWWSSN SP, IP, LP, LPP (photo)
equipment . One of these codes is “"ABORT", which immediately
terminates any calibration in process. Tpis function allows the

central system operator to stop calibrations in the event of
seismic activity or wrong calibrations.
The Programmable Current Calibrator has nine calibration

functions. These funotions are:

* LP Step

* SP Step

* LP Daily (LP, IP, LPP Sine)
* SP Daily (SP Sine)

* LP Response -

* SP Response

* IP Response

* LPP Response

* ABORT
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An operator can initiate calibrations by selecting one of
the eight calibration functions or the ABORT function and the
appropriate current level with the six thumbwheel switches (S1,
S2, 83, S84, 85, or Sé). The calibration sequence is activated
by the operator pressing the "ACTIVATE SWITCH" next to the first
six switches within the Calibrator Control area of the central
system control panel. See figure 3.11 and figure 3.12 for the
calibrator control switch layout.

Within 200-milliseconds after calibration activation, the
CAL WORD is transmi{ted with every "ADC-CODE-12" transmission
from the central system to the remote system. The ADC Code
sequence is shown in figure 3.6.

Table 3.1 shows the various function types, 6urtent levels,
switch positions, ADC Codes, and run times for all possible
commands of the current calibrator. Specific information on
each function type is presented in tables 3.2 through 3.9.

Due to the size of the Current Calibrator program the flow
charts and the B8B080 program listing are presented in a separate
USGS report.

Another use of the calibrator is in trouble shooting the DRS
TELEMETRY SYSTEM. All Calibration Codes, selected by the
central system operator, are transmitted to and displayed on
the remote calibrator panel as to type of calibration and the
calibration level . This display will verify the central system
transmit, half the modem and telephone circuit, and the remote
system receive circuits. Receiving the TELEMETRY STATUS at the
central system verifies the other half of the system circuits.
Activation of the "ABORT" function will cause all of the
displays on the remote system calibrator panel to blink. As
long as the central system operator holds the activation button

down in the "ABORT" function the lights will blink. Using this

characteristic, it is possible for the central system operator
to signal to personnel at the remote system. Predetermined code
patterns can be used to indicate such items as: start test,
signal received, data no good, and so on. When there is no
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telephone or radio communication between the central and remote
systems, this provides some means of exohanging instruotions. It
is 2lso possible for the remote system personnel to signal the
central system by the use a battery or some voltage souroce (one
to ten volts) applied to a predetermined ADC seismio channel
input . The central system operator can monitor the predetermined
seismic channel on the system helicorder and observe the signal
level pattern. During the initial checkout of the Berkeley -
Jamestown installation, the above techniques were used with good

success .

SELECT RCTIVATE
S1 S2 S3 S4 S5 S6 S7

Function  SP SP LP  LP LPP
STEP DRILY STEP DARILY

CALIBRATOR CONTROL

FIGURE 3.11 CALIBRATOR CONTROL SWITCH LRYQUT

E! C) o | C)&m«

BlE|0|8] : el fulichi)
© © som © =
F oo o st o mow AT :;C)(:)g 1/ ¢ o
MISTER
¥3ES AUOUEIOU SESMOLOGEA. LASCRATORY TELEMETRY [
CAUBRATOR CONTROL STATUS SYSTEM  CONTROL

Figure 3.12 CENTRAL SYSTEM'S CONTROL PANEL




FUNCTION
TYPE

ABORT

LP STEP
LP STEP
LP STEP
LP STEP
LP STEP
LP STEP

SP STEP
SP STEP
SP STEP
SP STEP
SP STEP

LP DAILY
LP DAILY
LP DAILY
LP DAILY
LP DAILY
LP DAILY

SP DAILY
SP DAILY
SP DAJLY
SP DAILY
SP DAILY
SP DAILY

LP SWEEP

SP SWEEP

1P SWEEP

LPP SWEEP
LPP SWEEP
LPP SWEEP
LPP SWEEF
LPP SWEEP
LPP SWEEP

ABORT
ABORT
ABORT
ABORT
ABORT

TEST!
TEST2

CURRENT
MILLIAMPS

ABORT

W oo o
O~ 0O BB -

LPP=.

LPP=.585
LPP=1.17
LPP=2.34
LPP=4.438

LP=0.506 IP=78.940

ABORT
.931
.061
122
.244
.488

0O L e O

0.50¢6

8.488

78.96

ABORT
293
.58%
1.17
2.34
4.68

TABLE 3.1

SWITCH

POSITIONS °

S1=21,84=0
Sl=115431
S1=1,54=12
S1=1,84=3
S1=1,54=4
St1=1,54=%
S1=1,54=4¢

$1=2,52=10

51=4:53=°
S1=4,83=1
S51=4,83=2
81=4,53=3
S1=4,53=14
S1=4,53=5

S1=3%

mwmwmwwnn
bt et Pt s b
[T T T I T (I '}
oo W oo mm
[GRGROCROEOR]
o~ o~ O~ O~ O~ O~

L TR T TR 1]
N B W)~ O

— e bt a
wonowou

mw [ RONT R R
—. e e O
U wo

——

-
o~ —
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ADC CODE

EO
3
24
23
22
21
20

EO
83
82
81
80

EO
13
17
28
19
2A

EQ
88
87
86
8s
84

4B

89

40

EO
B
zC
D
lE
F

EO
EQ
EO
EQ
EQ

El
E2

O 0 0 0o ALY NN AN

s e s e

Lnen Lt an e

——

RUN TIME

MINUTES
MINUTES
MINUTES
MINUTES
MINUTES
MINUTES

80 SEC.
80 SEC.
80 SEC.
80 SEC.

MINUTES
MINUTES
MINUTES
MINUTES
MINUTES

MINUTE
MINUTE
MINUTE
MINUTE
MINUTE

MINUTES

MINUTES

MINUTES

MINUTES
MINUTES
MINUTES
MINUTES
MINUTES

CALIBRATOR THUMBWHREEL SWITCH SETTINGS

w

Lnen AN en
~0 0 0 09

SEC.

SEC.

SEC.

SEC

SEC.
SEC.
SEC.
SEC.



LP STEP FUNCTION (52=1 AND S54=1 TOg)

CURRENT LEVELS DURATION NUMBER OF SWITCH 54
MA ZERO-PEAX MINUTES CYCLES SETTING

0.1 S 1 1

.2 3 1 2

0.4 5 1 3

0.8 3 1 q

1.4 S { S

3.2 3 1 6

TABLE 3.6.2 LP STEP FUNCTION

SP STEP FUNCTION (S1= A2 AND 82=1 TO 4

CURRENT LEVELS DURATION NUMBER OF SWITCH 8§12

MA ZERO-PEAK SECONDS CYCLES SETTING
0.8 80 4 1
1.4 80 q 2
3.2 80 4 3
6.4 80 4 q

SP STEP DURATION IS ON FOR 10 SECONDS AND OFF FOR 10 SECOND3.
THERE ARE FOUR REPETITIONS OF ON-OFF CYCLES.

TABLE 3.3 SP STEP FUNCTION
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LP DAILY (LPP/LP/IP) SINE FUNCTION

DURATION
MINUTES

G2 W W W W

-

DURATION
MINUTES

[ A e

(S1=3 AND Sé=1 TO 3)

NUMBER OF
CYCLES

-t e ba b
[ S ]

(LPP/LP/1P) SINE FUNCTION

SWITCH S¢
SETTING

(S1=4 AND S3=1 TO 5)

NUMBER OF
CYCLES

CURRENT LEVELS PER1OD
MA PEAK-PEAX SECONDS
0.2925 LPP 135
SWITCH 0.5850 LPP 15
SELECTABLE 1.170 LPP 15
LEVELS 2.340 LPP 13
4.480 LPP 15
FI1XED 0.506 LP 25
LEVELS 78.940 1P 1
LP DAILY SICNAL DURATION 1S 9 MINUTES TOTAL
TABLE 3.4 LP DAILY
SP DAILY (SINE) FUNCTION
CURRENT LEVELS PERIOCTD
MA PEAXK-PEAX SECONDS
0.531 1
SWITCH 1.061 1
SELECTABLE 2.122 1
LEVELS 4.244 1
B.488 1

SP DAILY SIGNAL DURATION IS i MINUTE TOTAL

3.5

SP DAILY SINE FUNCTION

SWITCH 83
SETTING

SN

LS S JC I S



LP FREQUENCY RESPONSE FUNCTION (FREQUENCY SVEEP S1=5)

CURRENT LEVEL PERIOD DURATION NUMBER OF PERIOD
MA PEAK-PERK SECONDS MINUTES CYCLES CODE
0.506 S00 253 3 13
0.506 200 10 3 12
0.506 100 10 é 11
0.504 80 8 é 10
0.506 40 é é 9
0.50¢ 50 S é 8
0.50¢6 40 4 é ?
0.506 30 3 [ 6
0.506 25 2.92 7 H)
0.506 20 2 [ 4
0.50¢6 15 2 - 8 3
0.506 10 ) 6 2
0.50¢ 8 1.07 8 1

LP RESPONSE RUN TIME IS 79 MINUTES AND 54 SECONDS.

TABLE 3.6 LP FREQUENCY RESPONSE FUNCTION

SP FREQUENCY RESPONSE FUNCTION (FREQUENCY SWEEP St1=6)

CURRENT LEVEL PERIOD DURATION NUMBER OF PERIOD
MA PEAK-PEAK SECONDS MINUTES CYCLES CODE

.488 1
.488
.488
.488
.488
.488
.488
.4838
.488
. 488
.488
.488
.488
.488
.488
.488

o3 00 Qo 09 09 OO 00 00 03 (U 0o OF oo OO oo 0O
COOOOOOH —“NW.H Lo 0O
n

e T i S N S A )
GO~ O~ b LI e e e

NN O OO0 DO @O~

et et s ek e e

R WD LMo DD O WS O

N W thor N

SP RESPONSE RUN TIME IS5 1é MINUTES AND 5 SECONDS.

TABLE 3.7 SP FREQUENCY RESPONSE FUNCTION
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1P FREQUENCY RESPONSE FUNCTION. (FREQUENCY SWEEP §1=7)

.

CURRENT LEVEL PERIOD DURATION NUMBER OF
MA PEAK-PEAK SECONDS MINUTES CYCLES
78.96 100 10 é
78.96 80 8 é
78.94 60 6 )
78.96 490 4 é
78.96 30 3 é
78.94 25 2.3 é
78.96 20 2 é
78 .96 135 1.5 [
78.946 10 1 6
78 .94 8 1.33 10
78.96 é 1 10
78 .94 4 1 13
78.96 3 1 20
78 .94 2 1 30
78.96 1.5 1 40
78.96 1 1 60
78.96 0.8 1 73
78.94 0.6 1 1
78.96 0.5 1 1

1P RESPONSE

RUN TIME 1S 48 MINUTES AND $9 SECONDS.

TABLE 3 8 IP FREQUENCY RESPONSE FUNCTION

30

PERIOD
CODE

- e pa et b e fea et b

WL N0 0O NI O A0~ NO



LPP FREQUENCY RESPONSE FUNCTION (FREQUENCY SWEEP

CURRENT LEVEL PERIOD DURATION NUMBER OF
MA PEAK-PEAK SECONDS MINUTES CYCLES

2x1 200 10 3

2x1 100 10 é

2x] 80 8 é

2x1 60 S S

1x1 40 4 é

1*1 30 3 é

1 15 2.92 ?

1 20 2 é

1 15 2 8

I 10 1 é

1 8 1.07 8

1 é 1 10

1 S 1 12

CURRENT 1 SWITCH Sé SETTING ADC CODE

1=0.2925 1 2B
1=0.5850 1 2C
1=1.1700 3 2D
1=2.3400 4 2E
1=4.46800 H] 2F

LPP RESPONSE RUN TIME 1S

TABLE 3.9

[
~

1 MINUTES AND

LPP FREQUENCY RESPONSE FUNCTION

31
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SECTION 3.7 MICROPROCESSOR SIX

Microprccessor Six is an 80/0S microprocessor unit, which is

an 8085 CPU based system. This microprocessor is the
magnetic-tape formatter and maghetic—tape controller. The 8085
CPU microprocessor was used because it has faster CPU

operational speed than the 8080 CPU units. This faster speed is
required for the fast operational speed of the magnetic-tape
units.

Microprocessor Six monitors the 8P, 1P, and LP Record
Pointer mailboxes in the 1146 RAM memory for addresses of records
to be ‘written on magnetic tape. Microprocessor Six scans the
one LP, three SP, and three IP Record Pointer "“MAILBOXS" for the
end-of-record addresses. When Microprocessor Six finds a
mailbox that is not zero data value, it extracts the address
information and replaces it with zeros. These mailboxes are
listed in table 5.1 (RAM locations FE8é4 through FE%3) .

Because of the possibility of event detected recordings for
SP or IP data, three mailboxes were provided for each type. The
three mailboxes for each type of data provides either one or two
pre-event records to be written at the beginning of event
detected events. Normally only one pre-event record is written.

Microprocessor Six transfers the appropriate record data
from the 116 RAM memory to the magnetic-tape formatter, which in
turn transfers the data to the magnetic-tape transport.

During system checkout, the only way to test these mailbox
locations is to remove Microprocessor Six. This is because it
scans these mailbores at a very fast rate, removes the address
data, and resets the mailboxes to Zero. The 8085 program

listing is presented in appendix A.5.

32



g9 . DWWSSN DRSS TELEMETERED

SYSTEM ASSEMBLY INFORMATION

4.1 GENERAL

The WWSSN DRS Telemetry System uses 80/20-4 microprocessor
units for five of the six system microprocessors. The sixth is
an 80/05 microprocessor which was seleoted because of the higher

speed required for the controller of the magnetio-tape formatter

unit. Each microprocessor is custonm configured for its
function by switch and jumper set-up. There are approximately
150 jumpers on an 80/20~4 board. Specifio operation such as

port input or output, RAM address, EPROM type, and many special
operational assignments are setup by qupet selection.
Operational success depends upon every jumper being correct.
Not all board functions are required by a particular processor
s0 some jumpers are not critical, in fact they can be treated as

“DON'T CARES".
4.2 ASSEMBLY INFORMATION
The factory installed jumpers for an 80/20-4 microprocessor

board are shown in table q.1. Table 4.2 through table 4.4

present the respeotive B0/20-4 microprocessor jumper changes or

additions to the initial jumper list. Table 4.7 presents the
jumper list for the single 80/05 microprocessor board. Table
4.8 presents the jumper list for the 114 memory board. This
116 memoty board is a combination memory board and 1/0

input/output board that must be configured for proper operation.
Table 4.9 shows the SBC 6S5 chassis with its B-N priority
jumper and the proper slot assignment for each of the

microprocessors or memory boards. The two SBC 655 chassis have
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been modified in several ways. One change is to disable the
front panel interrupt switch and use it for activation of the
Digital Time Encoder (DTE) ready relay. Other changes are
special TTL +3 volt power connector used by the Calibrator Unit
and DTE ready relay -assembly.

Table 4.10 through table q9.16 show the respective 1/0
input/out terminators for all ports. The SN74125 must be
installed in a special plug-in carrier and modified for use in
the 80/05% terminator plug-~-in. The write clock pulse from the
magnetic-tape formatter is echo transmitted back to the
formatter as a data-available strobe, as well as entering the
80/095 for sequencing of the data to be written on magnetic tape.

The 901 terminator device provides four 220/330 ohm
pull-up/pull-down circuits per terminator pack. The 902
provides four, one kilohm pull-up circuits per pack. The solid
terminator devices are plug-in carrier units that are jumpered
straight through for all data bit lines.

Table q4.17 through table 4.24 presents the respective
microprocessor port wire/cable assignments. Table 4.25 and
table 4.26 presents the SBC 114 memory board port wire/cable
assignments. Microprocessor Two does not have any port
assignments.

Table 4.28 presents the RS232C port wire/cahble assignments

for Microprocessor One, Two , Three, and Four. These RS5232C
ports are connected to the 2400-baud digital modems . The
24900-baud modems are connected to a dedicated four-wire
telephone circuit. The transmit modems are hard-wired for
continuous transmit . The receive modems are in a continuous
receive mode . With a S0-millisecond data frame, a modem's 8.5

or especially the 1%50-millisecond turn-around / clear-to-send
time cannot be tolerated. So continuous transmit and receive
techniques were used.

Figure 4.1 shows the modification to the SBC 655 chassis
which eliminates the front panel interrupt capability and
provides modification for use of this switch as a system
“"START-UP SEQUENCE SWITCH". Figure 4.2 shows the front panel

and chassis interconnect schematic.

34



807 20-—4a

DRSS TELEMETRY
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39



DRSS TELEMETRY 80/ 20-—-4d
MICROPROCESSOR ONE

(UP-1)
REMOVE INSTALL CHECK NONE
CONNECTED

19-21 20-21 - 1-2

71-72 70-71 - 3-4
w2 A-C W2 A-B - 9-10
w4 B-D W4 A-D 4 - 11-12
w4 C-E W4 B-E - 4,5,13,15
W7 A-B W?7 A-D - 6,7,8
w8 A-C W8 A-B -
*CAP3S 31-36 -
*CAPS3 36-37 -
x*xCAP72 37-38 -

38-39 -

SONOVYOOECEQIODINNNGOOOONUNUL
O~ NUNWHONWUWEOERRLNODONDN

He 0O EoNNNNOR T
NNONOIAHBNOENHONUNW- IV W

e e
B TRV, ]

"W" SWITCHES CONFIGURED FOR 8K EPROM (2716 EPROMS)

Note the 80/20-4 should be jumpered
as it comes from the factory.

TABLE 4.2 B80/20-4 MICROPROCESSOR ONE JUMPERS
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DRS TELEMETRY 807 20-—49
MICROPROCESSOR TWO

(UP-2)
REMOVE INSTALL CHECK NONE
CONNECTED
16~-18 17-18 $2-53 1-2
29 TO 350 31-346 54-5¢S 3-4
110~-111 36-37 56-57 9-10
112-113 37-38 58-59 11-12
38-39 60-61 4,5,13.,15
34-27 62-63 6,7.,8
35-2¢6 64-65
66-67
68-69
73-74
75-76
77-78
79-80
81-82
83-84
85-86
87-88
91-92
108-10°9
120-121
128-129
71-72

"W" SWITCHES SHOULD BE CONFIGURED FOR 4K EPROM (2708)YEFPROMS)

Note the 80/20-4 should be initially
jumpered as it comes from the factory.

TABLE 4.3 80/20-4 MICROPRQOCESSOR TWO JUMPERS
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DRSS TELEMETRY 807 20 —4
MICROPROCESSOR THREE

(UP-3)
REMOVFE INSTALL CHECK NONE
CONNECTED
16-18 17-18 1-2
24 TO 50 31-36 3-4
36-37 9-10
37-38 11-12
38-39 4,5,13,15
34-27 6,7.8
35-26

O - O

.
NN OOVEDMOBOINNGOOOO0- NN NN

»OOBHNUWHONNWEANO O LN
L N T T T T O O O O O T O O A T |
N - YEPEEOINICOONTNN L
NNNONEADNODOLVOVNVW~ONUNW

"W" SWITCHES SHOULD BE CONFIGURED FOR 4K EPROM (2708YEPROMS)

Note the 80/20-4 should be initially
jumpered as it comes from the factory.

TRBLE 4.4 80/20-4 MICROFROCEZSOR THREE JUMPERS
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DRSS TEILEMETRY 80/ 20—4
MICROPROCESSOR FOUR

(UP-4)
REMOVE INSTALL CHECKX NONE
CONNECTED
19-21 20-21 - 1-2
24 TO 50 31-36 - 3-4
$52-53 36-37 - 9-10
71-72 37-38 11-12
110-111 38-3°9 9,3,13,15
112-113 S1-52 6,7.,8
70-71

NOUVWPDOENNIINONAOONNTNNCL
W<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>