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PART I: USERS GUIDE
A. INTRODUCTION -
1. PURPOSE

The specific purpose of ISDS is to display seismic traces on the Tektronix
screen and to allow the operator to make meaningful measurements from the
display, using the interactive cursor. This program is only one of a collec-
tion of programs whose general purpose is to display and process seismic data
which have previously been recorded on analog tape.

Historically these functions have been performed manually. The functions
include timing the seismic waveforms from microfilm displayed on a develo-
corder screen and punching the appropriate data on computer cards for location
on a large scale computer. More recently, the timing has been done using a
digitizing table which outputs a code on punch cards for further processing
and evental location. In both these instances the time between display of the
data and location of the earthquake has been a few days.

In order to shorten the time between the occurrence of an earthquake and
the determination of its location, a system has been implemented for perform-
ing all of the analysis on a minicomputer which has been interfaced to the
analog playback equipment (Figure 1).

2. PROCESS FLOW

The minicomputer positions the analog tape to the correct time by reading
signals from a time code translator and an electronic footage counter and
sending control signals to the playback transport. After the tape has been
positioned, the seismic signals are digitized by the minicomputer and stored
on a disk. The data is retrieved from disk and displayed by ISDS. After the
operator has picked the P arrival times and made othe appropriate measurements
from the seismic traces, the measurements are output by ISDS to a disk file in
a format compatible with the input requirements of standard earthquake
location programs.

One of the outputs of the location program is a file which contains the P
and S travel time residuals. These are the differences between the observed
and calculated arrival times. It is possible to read this file using ISDS,
and to display both the residuals and the original picks together with the
seismic waveform. If an obvious error in picking has occured, it is possible
at this point to correct one or more picks and relocate the event again.

Other possibilities include modifying the crustal model if systematic errors
are apparent. Thus, a powerful tool for refining the analysis is available.



3. HARDWARE REQUIRED

The present system is implemented on a Data General S200 Eclipse
minicomputer which is interfaced to a Bell and Howell 1 inch Playback
transport. In order to run the system, a minimum of 32 kilowords of memory
and a 10 megabyte capacity disk are required. A detailed description of the
hardware is given below.

3.a DIGITAL HARDWARE:

CPU: Eclipse S-200 with ERCC, MAP, 16KW
Memory: additional 16 Kw minimum
Floating-point Processor

Disc System, 10 Mbyte

A/D Converter and 32 channel Multiplexer
Tektronix 4014 Terminal

Parallel and serial interface for Tektronix
Teletype and Serial Interface

Real Time Clock

Programable Interval Timer

Digital I/0 System

3.b ANALOG HARDWARE:

Analog Tape Drive: Bell and Howell VR3700B
Discrimminators: 39 Model 402P Tri-coms

Time Code Translator

Patch Panel - In House Design and Manufacture

4. ANALOG TAPE FORMAT

There are presently two different analog tape formats that can be
processed by this system. One is the Geothermal 'Centipede' tapes, the other
is the California Network telemetry tapes.

The Geothermal tapes are arranged such that all of the data for a given
earthquake or other seismic event are recorded on a single tape. The tape is
composed of 14 tape tracks, with each track containing 8 channels which are
frequency division multiplexed onto the track. Twelve of the tracks are used
for data, one track is reserved for timing signals, and one track for tape
speed compensation signals. Since only 32 multiplexer inputs are available
with the A/D converter, only U tracks can be sampled at a given time. The A/D
conversion process requires 3 passes of this analog tape in order to retrieve
data from all 12 tape tracks (96 channels). A different version of the A/D
program is required for the Geothermal tapes than that used for the California
Network tapes. The Geothermal digitizing scheme is also known as the Three
Pass System.
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The California Network telemetry tapes (Cal-Net Tapes) utilize all 14 tape
tracks for data, and record 2 timing signals and a tape speed compensation
signal at other frequencies on each of the 14 tracks. The Network is
currently recording on 3 tapes simultaneously and these tapes are then copied
or 'Dubbed" onto a master "Library Dub Tape" such that each event occupies 3
consecutive dubbed 'patches' on the tape. Since these 3 patches have the same
time, uniqueness is obtained by calculating a hexadecimal footage counter
address for each of the dubs. Since each dub required four passes at the A/D
conversion process (3 x 32 + 1 x 16) and since there are 3 dubs; a total of 12
passes are required to obtain all possible seismic data for a given event.
The version which processes this data is called the Twelve Pass System.

5. OPERATION OF A/D PROGRAM

Two programs, EVCON and EVDIG, are required to perform the A/D conversion
process. The first of these, EVCON, is an interactive user interface, which
transfers control to EVDIG. Upon receiving control, EVDIG positions the
analog tape to the requested time and begins the A/D conversion and memory to
disk transfers. Upon completion, control returns to EVCON and the user for
subsequent processing. This includes the option of swapping to ISDS to view
the data.

6. COMMUNICATION BETWEEN ISDS AND EVCON

There are three files required for communication between ISDS and EVCON.
They are EVDIR, the event directory, which contains most of the descriptive
information about the digital data; EVDAT, which contains the digital data;
and MASTERLIST, which contains the names of the seismic stations. These files
reside on DPO, the 5 Mbyte removable disk. Detailed information about the
format of these files is contained in Appendix L of Part II of this report. A
brief description is given below.

Link Name Resolution File Description
DIRECTORY DPO: EVDIR Random, binary file, contains

event number, title, date and
time, sample rate, digitizing
duration, I.D. of channels
digitized, pointers to information
in EVDAT and MASTERLIST.

WHOLE1 DPO: EVDAT Contiguous binary file. Contains
16 bit integer data.
MASTERLIST DPO: MASTERLIST Random, binary file. Usually a

copy of HYPO71 station file.
Contains names of stations and
coordinates.



7. COMMUNICATION BETWEEN ISDS AND PHASE FILES

The results of picking P and S phases and the measurement of the usual
parameters associated with earthquake locations can be written to an external
file (phase list) in the proper format for processing by HYPOINVERSE, HYPO71
or a similar location program. Also, a previously written phase list file can
be read back by ISDS, and slightly modified, using the interactive cursor, and
then rewritten.

In addition, the file created by HYPOINVERSE which contains P and S
residuals, together with the original picks can be read by ISDS and both the
picks and residuals can be displayed.

If an automatic phase picker program has generated a file in the proper
format, those picks can be edited by ISDS and written as a phaselist file. A
brief description of the files is given below. More detailed descriptions are
in Appendices of Part II.

File Name Description
User defined ASCII random file. Created by Save
Default is FAZLST command. Contains station name, P and

S times, and other phase list
varibles. Can be read by picker Y

commands.
User defined ASCII random file. Generated by
Default is HYPOUT HYPOINVERSE. Contains station names, P

and S times, P and S residuals, ete.
Read by picker H command.

PIKLST ASCII random file. Generated by
automatic picker program. Contains P
times, first motions, and coda times.
Read by picker G command.

8. COMMAND STRUCTURE OF ISDS

There are three modes of commands in ISDS. The primary mode consists of
inputing two or four letter commands, in response to the prompt COMMAND?.

This mode directs control of the various programs within the program. Within
those processors, further control is handled by prompts from the program which
are followed by typed in answers at the keyboard. The third mode is the
confined to the Picking Process. Following the Command PI, the interactive
cursor is activated, and control is via inputs to it.

A brief description of some useful command sequences will be given here.
Either upon entry to ISDS, or by typing the command EV, the event number is
requested, followed by a request for the pass number. If all of the data is
to be displayed, simply type PL. If a more selective display is desired, type
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DE to define the data window, and the program will prompt for the start time
and length of the display time window. Entering NU allows the user to select
which traces, by number, which he/she wishes displayed. Following these
selections, type PL to plot the desired traces within the desired time window.

The user may interact with the data by entering PI. This causes the
interactive cross-hair cursor to come on. The user positions the cross hair
and enters the appropriate keyboard letter P for P-time, S for S-time, F for
coda end time, etc. Upon typing'.', the program exits from the picker
processor. The user may then enter SA to save the phaselist. The program
prompts the user for the phase list filename (FAZLST is the default).

Instead of using the phase list, the user might choose to align the data
on the P-times. Entering SH will accomplish this. If some of the arrivals
are weak they could be enlarged on the display by using the scale option SC.
Finally the scaled and shifted traces can be repicked (PI) and then the phase
list saved (SA). If several digitizing passes are required for an event (the
usual case), invoking the command PA will transfer control to another pass,
and parts of the above sequence may be repeated on that data. Finally one can
go to the next event (EV) and process it in a similar manner.

B. HOW TO USE ISDS

1. BASIC EXECUTION PROCEDURES
The following assumes EVCON/EVDIG have already acquired the seismic data.

1. Boot the appropriate system if it is not running on the Eclipse. 1ISDS
wants USMALL, and MISDS (mapped ISDS) wants ALPT.

2. Go to the processor directory:
type: DIR DPOF:PROCESSOR
INIT DPO

3. Execute the program:
type: ISDS (or MISDS)

4. When the program comes up it automatically goes to the event proces-
sor (EV), and prompts the user for the event number and pass number. If
the user wishes to plot all of the traces from all of the passes, when the
"COMMAND?" prompt comes up he/she should type EVPL.

5. If the user wishes to know what commands are available he/she should type
ME to display the menu.

6. Following is a summary of the ISDS commands used to invoke the command
processor. Individual processors also provide appropriate prompts to the
user.

2. SUMMARY OF ISDS COMMANDS

EV SELECT EVENT: Choose event by number of those which have been
digitized on the current disk.
PA SELECT PASS: Select the particular pass within the current event.

EVPL SELECT AND PLOT EVENT: The same as EV except that all of -the traces
from all of the passes are plotted on the screen.



DE

PL

SESC

PLDE

SC

SELECT TRACES: This command allows the user to select a group of
traces, append to or delete from the existing group, or list the
existing group of traces. The select process has its own command
level. It's syntax is command : argument list ; c :

a ; where the commands are SE (select traces), AP (append to
traces), DE (delete traces), LI (list existing traces), NA (list
existings traces by staton name), and EX (exit trace processor). The
argument list is of the form: I J-K ABCD, where I refers to an
individual sequence number, J-K represents a range of numbers, and
ABCD refers to a station name. Example - if BGO = trace #14, from
SE: 2-4 13 15 31-29 GBO; LI; EX would select traces 2, 3, 4, 13, 15,
31, 30, 29, 14 and list them, then return to the command level.

DEFINE TIME WINDOW: The user, following the program prompts,
specifies the start time and time duration of the plot data window.
The first prompt asks for window length, the next prompt asks for the
window start-time. Three different types of responses are possible.
They are:

1) Specify the hour, minute and second of the window beginning.

2) Hit CR, which defaults to the data start time.

3) Type X "n" where n is the number of seconds of offset from the
start of digitizing.

PLOT TRACES: Those traces selected by the trace select processor (NU)
are plotted in the time window defined by the window definition pro-
cessor (DE). The border has tick marks every second. The start and
stop times, the event and pass numbers; and the event name are plotted
at the top. The traces are labeled by name and by sequence number.

If the scale factor is not 1.0, the right hand side of the trace is
labeled (eg. 10.0x). An amplitude units scale appears opposite each
trace with the appropriate amplitude units (see SESC). The number
refers to the number of units between the marks on the right hand
side. These tic marks correspond to full scale if the scale factor

is one.

SELECT SCALE UNITS OPTION: This option allows the user to choose the
units he wishes to use for amplitude measurements. Three options
available are 1) digital counts (full range = 1024), 2) volts input
into the A/D mux by the discriminators (full range = 5.0 volts), and
3) equivalent develocorder milimeters (full range = 160 mm), where
full range of the discriminators corresponds to 160 mm on the develo-
corder playback machines. These units are displayed as the right hand
side of the plot. Also these units are output on the phase cards with
the exception that milivolts and not volts are put out for option 2.
PLOT DECIMATED: Same as PL except that a decimation factor is calcul-
ated and the traces are displayed according to this decimation factor.
The factor also appears as a label on the plot. The factor is
selected so that only 40 secs of real time are required to plot all
of the traces requested.

SCALE TRACES: A scale factor may be applied either to all-of the
traces or to individual traces. This is global setting, i.e. it does
not change from event to event. The command sequence is of the form
nn.nX IJK-L ABCD where I and J are individual traces to be scaled, K-L
is a range of traces, ABCE is a trace station name and nn.n is a

scale factor to be applied to these traces.
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PICK TRACES: A detailed menu of the pick functions may be obtained by
typing (?) in response to the COMMAND? prompt. When in the Pick
processor, the interactive cursor is turned on. The user may be
positioned by two thumbwheels mounted at the upper right-hand corner
of the Tektronix keyboard. The horizontal cross-hair is used for
selecting the trace and for making amplitude picks. The vertical
cross-hair is for timing. Pressing the appropriate key selects the
desired function. Most functions require only 1 key input. Some
exceptions are Q and A which request amplitude measurements, which
must each be followed by 2 space-bar inputs to select the peaks of
the peak-peak measurement; and R and #, which then expect either 3 or
1 character entries respectively to follow crosshair key input. 1In
the case of Q and A, the position of the horizontal crosshair at the
time Q or A are entered determines which trace is to be measured, and
the two succeeding space-bar inputs to the cursor select the peaks
being measured. The program accepts only spacebar as a valid entry
in this case.
SAVE PICKS AS PHASE CARDS: Before proceeding to the next pass or
event, this command must be invoked to save the pick information in
the Phaselist file. Once per event, the user has the option of
naming the Phaselist file. The default is the current file or in the
case of the very first use of SA, the file 'FAZLIST'. The pick
information only lives for the time you are in a pass, and if you
leave the pass and return later, the information is lost if you have
not saved it.
ALIGN TRACES ON P-TIMES: All of the traces in the current pass for
which P-times have been picked are shifted so that the point in the
waveform corresponding to that particular time is aligned on a
vertical dotted line. This line is one-tenth of the way in from the
left-hand side of the plot. The traces are re-ordered such that the
earliest P-time is displaced at the top and the next earliest in
second place, ete. The traces can be repicked in this display and
another SH operation performed until the user is satisfied with his
picks. Only those traces with P-picks are plotted so this provides
another means of selecting traces for plotting.
ALIGN TRACES ON S-TIMES: This performs the same as SH with the
substitution of S~times for P-times.
REMOVE DC LEVEL: The processor sets a flag so that at the beginning
of every plot, a 100 sample average of each trace is computed. This
average is used as a offset by the plotting algorithm. This option
must be reinvoked when a new event is requested.
PRINT MENU: Displays menu of processor commands.
DO NOT REMOVE DC LEVEL: This undoes the zero command.
LOAD COMMANDS FROM REMOTE FILE: This allows the user to switch
control of ISDS from the Tektronix keyboard to an ASCII RDOS file.
The user must build this file in advance, using either the Editor or
XFER/A $TTI "myfile". "myfile" would contain commands which the user
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would ordinarily type in from the keyboard. The following is an
example in which the USER prepared two files. The first file,
PLCOM1, requests an event and pass and a plot window and thén selects
eight traces. It plots them and then enters the PICK processor. At
this point, the cursor is turned on. The user always has control of
the cross-hair. After exiting from the picker, control returns to
the file PLCOM1 which saves the picks onto FAZLST, makes a hard copy
of the screen, and then calls the command LDCO and supplies the file
name PLCOM1 for that processor. At this point control passes to
PLCOM2 which prints the menu. Then it requests event two, pass one.
It selects 15-31 traces in ascending order, deletes trace #24, scales
by 2.5 times, then defines a twenty second window starting at 5
seconds after the beginning of the data. It plots it and then
invokes UNCO (see below) to return control to the Tekronix keyboard.

NOTE: You must always provide a path either back to the keyboard
(UNCO) or to another file (LDCO, filename). If you don't do this,
the program will terminate.

DISABLE REMOTE (LDCO) OPTION: Returns control to the Tektronix
keyboard.

MAKE HARD COPY: Useful with LDCO option.

PAUSE During execution from remote file. This command allows control
to pass temporarily to the console in a way that permits execution to
later resume from the remote file. The command is included in the
remote file.

Resume control by remote file. Returns control to remote file. The
next command following the PAUS command is executed. Carriage return
is used as a resume command. It has this effect only after a PAUS
from a remote file.

PRINT PICK MENU: Display menu of pick processor functions.

EXIT PROGRAM: A CNTRL Z will also exit the program.

3. DESCRIPTION OF PICK COMMANDS

All pick commands consist of one character keyboard inputs to the
cross-hair cursor. Where relevant, the horizontal cross hair selects the
trace and the vertical cross hair picks the time. In some cases, character
strings must be input following the command character.

KEY

P

e RN/ ]

O >

DESCRIPTION

Vertical cross-hair picks the P-time for trace selected by
horizontal cross-hair.

Picks S-time for selected trace.

Picks end of coda for selected trace. )

Picks first zero crossing. The pulse width is determined by C
time minus P time. -
Nullifies previous P, S, and F picks on selected trace.

Enter grade of P-pick for selected station.
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The grade of the S-pick for the selected station is obtined by
subtracting 5 from the entered value. Thus 5 corresponds to a S
weight of 0. <
Emergent of Impulsive P arrivale selected trace.
First motion for selected trace.
Emergent of Impulsive S arrival for selected trace. Note: This
is an artifact to distinguish IS form IP and ES from EP.
Speedy pick option. This allows the user to follow ';' with a 4
character string which determines P-remark or S-remark while
picking either P or S for the selected trace. For example
entering ;IPU2 CR would be equavelent to PCR , ICR , UCR, 2
CR and ;ESD1 CR would be equivalent to SCR, JCR, 6 CR .
There is no provision for individually entering S first motions.
Measure P amplitude. Following A CR , position the horizontal
cross hair to the peak and then the trough (or vice versa),
entering space-bar, carriage return at each position.
Measure S or maximum amplitude. Following Q CR , position
cursor as above and enter measurements using space bar, carriage
return.
Enter three character remark.
Enter one character remark. Note, as this goes in Column 71 of
the phase list record, it is incompatible with HYPO71 input.
Enter FMP value in seconds manually for selected trace. This
command is useful when the F time is known from other records
but the trace has not been digitized to capture this part of the
trace.
List and display picked values at top of screen.
Input, list and display picks from PIKLST file, which has been
generated by Rex Allen's automatic picker program.
Input phase list file, list and display picks. Program prompts
user for file name.
Input HYPOUT file, list and display picks and residuals.
Program prompts for file name.
Enter clock correction manually. Correction is in units of
seconds and is global to the event.

Note: All examples use remote files. In general the commands are the same as
those from the keyboard. The RDOS operating system treats terminals as input

files.

Example 1.

Complete plots of the digital data for events 3 and 2 are shown in Figures 2

and 6.
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(continued)

A. -

Receive instructions from PLCOM1 by following the LDCO command with the
response PLCOM1.

Define the data window as 20 seconds long, beginning 18 seconds into the
data file.

Invoke the trace processor and select traces 26 thru 32, as well as

- trace 23. List the trace numbers and exit the trace processor routine.

Plot the selected traces in the defined data window (Figure 3).

Invoke the pick processor. Control returns to the opeartor via the
thumbwheel cursor. The operator picks the first arrivals etec., and
exits by entering '.' at the cursor.

control returns to the remote file which issues a SAVE command.

Since a new phase list file is not requested, the default file is FAZLST.
A copy of the screen is made (Figure 4).

Control is handed off to PLCOM2.

B. (Control by PLCOM2)

A menu is printed on the screen.

Event 2, pass 1 is requested.

Traces 15 to 31, except for 24 are selected and their numbers listed.
Traces 25 to 27 are scaled up 2.5 times.

A data window 20 seconds long is defined starting 5 seconds into the
data.

A plot is made using the decimation algorithm (Figure 5).
Control is returned to the user.

Example 2 ~ The entire event is shown in Figure 6.

(Controlled by PLCOM6)

Event 2, pass 1 is requested.

Traces 21 to 32 and traces 9, 15 and 18 are selected and listed.
The selected traces are plotted in the selected data window (Figure 7).
The pick processor is turned on so the user can pick the arrivals.
Upon exit from the picker, a new data window is defined which is 10
seconds long and starts at the beginning (CR default) of the data.
The trace whose station name is GMK_ is scaled to 4.0.

The picked traces are plotted with p arrivals aligned (Figure 8).

A copy is made.

The picks are saved on a phase list file named FARRAH.

Control returns to the user.
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PART II: PROGRAMMER'S REFERENCE
A. ISDS FROM THE INSIDE -

1. OVERVIEW

As stated at the beginning of Part I, the purpose of ISDS is to display on
the Tektronix screen seismic traces, which are stored on disk, in a useful
way; and to make meaningful measurements from this display, using the
interactive cursor.

In order to accomplish the display, a series of transformations on the
data must occur, some of which are under control of the user. The principle
transformations are:

1. Move a requested subset of the data from Disk into a data buffer

(MCAM modules).
2. zapAg?e data buffer into a multichannel data window (subroutine
RR .

3. Map the data window into screen co-ordinates (PLOT10 virtual plot

routines).

q, Map the screen window into a display list of hardware plot commands

(PLOT10 absolute plot routines).
5. Send the display list to the Tektronix CRT (HITEK DMA driver).

The control of the display is accomplished through the use of a simple
command language, augmented by man-machine dialogue. The control segments
consists of 1) a call to the subroutine COMMAND, which prompts the user with
"Command?"; following which a command is input and decoded and a code is
returned to the control routine; 2) a 'computed Go To' which directs control
of the program, according to the code returned from COMMAND; and 3) subroutine
calls to the appropriate processors which are issued upon receiving control
from the computed 'GO TO'. Upon completion, the program returns to the
COMMAND subroutine and waits for another command from the user (see Figure 9).

The processors roughly parallel the commands, which are described in the
'‘brief summary of commands' section of this report. A brief description of a
few of the most important will be given here to show how the user can shape
the data window. The command TR selects how many traces, which traces and in
what order they will be displayed within the multichannel data window. The
command DE actually defines the time bounds of the data window. It prompts
the user for the start time and the window length in seconds. The SC command
allows the user to set the scale factor either individually or for all traces.

These three commands (or processors) have the effect of defining the
multichannel data window. Invoking the PLOT processor has the effect of
mapping the seismic data into this user-defined window. The user may interact
with the data using the interactive cursor (PI command) and then remap the
data into another window using the P or S picks as shifts (SH or SH-S). He
may then repick (PI) and finally save the data for input into a hypocenter
program use the SA command.
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2. CREATION OF A MULTI-CHANNEL DATA WINDOW (SUBROUTINE ARRAY)

The conceptual model behind the multi-channel data window is that of a
collection of overlapping time series strips, each of which is tied to a
particular 'proper' vertical distance from the top of the plot. The data
window is sliced into 'N' horizontal strips, where N is the number of
requested traces for a data window. The vertical midpoint of each strip
represents the proper distance for that trace and also the place where a zero
amplitude value would be plotted for that trace (see Figure 10).

Each point within a data window has three co-ordinates: time, base level,
and amplitude; where time is a function of x, distance a function of y, and
amplitude is a function of y and of base level. A trace is identified by
determining the closest base level.

As the data plotted on the screen represents far more information than can
be held in the data buffer at a given time, the data is plotted in vertiecal
strips, each strip corresponding to the piece-wise de-multiplexed data segment
(see Figure 10). The last data point of each trace is stored in the LFRAM
vector in order to facilitate plot continuity between the strips.

3. MAJOR PROCESSOR ALGORITHMS
. The plot algorithm is as follows:.
Compute segment length.
Compute starting sample index.
Initialize Disk retrieval (call FRAMD).
Initialize LFRAM vector.
Compute number of segments (NSEG).
Define data window.
Draw border (call FRAME).
A: Loop on segments.
' Get data segment from disk (call GETFM).
B: Loop on traces.
c: Loop on samples.
Compute index.
Compute X, Y.
Draw vector to X, Y (call DRAWA).
Load LFRAM vector with last y value.
If end-of-data, Jump to D.
Go to C until all samples done (J = MSCAN).
Go to B until all traces done (I = NREQ).
Go to A until all segments done (L = NSEG).
D: Return.
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The plotting equation follows:

Y = S(II)*(A(IJ) - Z(II))+ D(I). -
X = DT(II) * t(IJ) + TZ(II) + SHFT(II) + TZARR. -
where t(LJ) = (L - 1)® MSCAN + J - 1. _
t (LJ) = is a temporary variable which corresponds to the relative time
-within a plot segment.

L segment index.

"I = trace index.

dJd sample index within segment.

II = true trace index.

IJ = global sample index.

MSCAN = trace segment length in samples.

TZARR = Beginning of display window in seconds.

SHFT = Shift of trace II (positive is right to left).

DT = sampling interval of IIth trace.

TZ = - not used -.

S = scale factor for IIth trace.
D = base level of Ith trace from top of plot (absolute amplitude units).
A = Amplitude of IJth sample for ith trace (amplitude units from proper

base level).

Z = Amplitude of zero offset for IIth trace (amplitude units from proper
base level).

As an illustration of how the plot algroithm works, we will give several
examples of how points are plotted on the screen. The examples are
illustrated by Figure 10.

Example 1
Let us compute the x and y values of the first peak of trace number 14,

Let use assume we have 5 traces and a buffer size of 100 words, so that each
segment is 100 samples long. The digitizing interval is .01 sec., the scale
is 1.0 and the zero level for trace 14 is +5. The data window starts at 41
seconds. Let the first pick be at the 80th point on the trace. The trace
order in this example is 2, 3, 4, 14, and 17, so that our relative trace
number is 4.

Now:

X = DT(II) * t(LJ) + SHFT(II) + TZARR.

II = 14, TZARR = 41.0, DT(II) = .01, SHFT(II)

t(LJ) = (L - 1) # MSCAN + J - 1; L = 1, MSCAN

X=.01%78 4+ 0.+ 41 =41.79 sec.

0.
200 + O ®# 200 + J - 1 = T9.

Y = S(II) # (A(IJ) - Z(II)) + D(I).
S(II) 1., 2(II) = 5., I = 4, IJ = MSCAN(I - 1) + J = 680,
A(1J) = 213,
D(I) = NREQ * ARNG - (I - .5) * ARNG.
Where ARNG = 1024, NREQ = 5, I = 4
D(I) =5 % 1024 - 3.5 ®# 1024 = 1536.
Y = 1.0 # (213 - 5) + 1536 = 1744 vertical screen units.
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Example 2

For)this example let us choose the first peak of trace number 3 (relative
trace 2):

Complete X from given parameters.

II = 3, TZARR = 41.0, DT = .01, SHFT(II) = O.
= 200, L =3, J = 142,

t{LJ) = (3.1) * 200 + 142-1 = 541,
1 #5417 + 0. + U1 = 46.41 sec.

Now complete Y

I =2, IJ = MSCAN * (I - 1) + J = 342, A(IJ) = 123.

S(II) = 2.0, Z(II) = 0., D(I) = 5 % 1024 - 1.5 * 1024 = '3584.
Y = 2.0 # (123 - 0) + 3584 = 3830.

Buffer layouts for the two examples, showing locations of IJth point:

Equation 1:

tr.2 tr.3 tr. 4 tr. 14 tr.17
pts. pts. pts. pts.'] buffer #1
point 80
within segment;
point 680
within buffer;
point 80 of trace.

Equation 2:

tr.2 tr.3 tr. .l tr.14 tr.17
{ 200 pts. | Y1 [ 200 pts. [200 pts. | 200 pts. | buffer # 3
point 142
within segment;
point 342

within buffer;
point 542 of trace.

Note: Computing the index within the buffer can be thought of as running at
right angles to the trace direction, i.e.: it is a function of the segment
length and the number of traces. The variable t however, which is used to
compute the time of the completed point, is a function of the segment length
and the number of segments.




3.a COMMAND PROCESSOR ALGORITHM

Prompt user with "Command?"

Input character string: If EOF (CNTRL Z) Go to 5.
Decode as 2A2.

1 Do Until J ) Number of Dictionary Entries (NCD).
If Character (1) = Dictionary Entry (J) go to 2.
Go to 1.

IC = NCD + 1.

Go to 6.

IC = J.
Do Until J ) NCD.

If Character (2) = Dictionary Entry (J) go to 4.

Go to 3.

Go to 6.

JC = J.

Go to 6.

IC = 18 (18 = EX).

Return (with IC and JC for use by "Computed Go To").

w N

&=

o Ul

3.b EVENT/PASS PROCESSOR ALGORITHM

If "PA" Go to 2.

Enter EVENT number.

Input Event Directory parameters (call RQEVT).
If EVENT not on Disk, output message and return.
Reset window start time to beginning of data.

Save date, time, sample rate, and digitizing duration in common blocks.
Compute width of plot windows based on number of digitized passes.

1 Do until N number of passes.
Computer screen co-ordinates of Nth plot window

Define trace list, from 1 to number of digitized traces.

Set old trace list = current trace list.
Set window width = digitizing duration.
Compute decimentation factor (call DECIM).
Input station names for Nth Pass (call RQPAZ).
Reset shifts to zero (call NOSHF).
If not "EVPL" go to 2.
Reset trace distance (ecall RSETD).
If zero flag on, compute zero level (call ZLEV).
Plot data (call ARRAY).
Label plot (call LBSTA, ENAME, TEK routines).
Go to 1.

2 Prompt for PASS number.
Input PASS number.
Input station names for PASS (call RQPAZ).
Define trace list for PASS.
Set backup trace list = current trace list.

19



3.c

3.d

14

10
20
30
35
40
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Set shifts to zero (call NOSHF).
Reset time distances (call RSETD).
Define data window.

Define physical screen window.

WINDOW DEFINITION PROCESSOR

Enter window width in seconds.

Echo current window start time.

Enter start time (hour, minute, second).

If carriage return, keep current time;

If "R", use current window + R seconds (SEC = SEC + R).
Compute time window, relative to data.

If out of bounds, type error message.

Set 0l1d start time = new start time.

Return.

TRACE DEFINITION PROCESSOR

Prompt.

Readline.

Extract Command.

If (SE, AP, DE) then parse arguments.
If (EX) Return.

If (SE) Go to 10.

If (AP) Go to 20.

If (LI) Go to 30.

If (ST) Go to 35.

IF (DE) go to Uu0.

Go to 9.

Load Trace list.

Go to 19.

APPEND TO TRACE LIST.
Go to 19.

WRITE TRACE LIST.

Go to 19.

WRITE TRACE LIST.

Go to 19.

SQUEEZE LIST IF (;) Go to 1X4.
Go to 19.

Backup trace list (fill ITEMP and NTEMP.
If (end of command) Go to 1lU.
RETURN.

20



3.e PLOT PROCESSOR ALGORITHM

Restore old trace order.

Rest screen window to default.

Restore old window start time (call RSTAT).
Reset shifts to zero (call NOSHF).

Reset trace distance (call RSETD).

Erasé screen.

Decimate if requested (call DECIM).

Compute zero level; if flag set (call ZLEV).
Plot traces (call ARRAY).

Label Plot (call LBSTA, LBSCL, ENAME, TEK package).
Reset decimation factor to 1.

Return.

3.f PICK PROCESSOR ALGORITHM

1 Enable Cursor
Position Cursor (Manual - thumbwheels).
Enter character (Manual - strike key).
Identify trace by horizontal cross-hair (Y-co-ordinate).
Process input character and perform appropriate action.
enter 3 character remark.
Enter 1 character remark (Col. 71 of phase list).
emergent P-arrival.
impulsive P-arrival.
emergent S-arrival.
- impulsive S-arrival.
= 1st zero crossing time (y - co-ordinates).
P-arrival time (x coordinates).
S-arrival times (y coordinates).
time of coda die out.
4} = Grade of P-pick.
9 = Grade +5 of S-pick.
. = exit pieck processor (return).
P amplitude:
Enable cursor.
Position cursor, hit space bar.
Enable cursor.
Position cursor, hit space bar.

t 0 nn

> VIO ORGHIME »w
1

AMP = peak to peak distance between space-bar hits.

21

Q = S amplitude same as A except SAMP = peak to peak distance between

Space-bar hits.

3 - Speedy Pick mode: enter P or S remark as a 4 character string

with P or S time determined by vertical cross-hair (x co-ordinates).

= enter FMP manually:

Enter character string representing F - P. number. Call to INFREE

decodes it. Ftime - Ptime + FMP.
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, D, +, - = First motion for P.

rezero plcks Set P, S, and F times to zero.

List picks and draw P, S, F, R and r marks(call LPICK).
get auto picks and list (call GPICK(1), LPICK).

get phase list and list (eall GPICK(2), LPICK).

get "HYPOUT" file and list (call GPICK(3), LPICK).
enter clock correction (in seconds manually).

JmQr < a
[T T T T (I |

Go to 1.
3.g SHIFT PROCESSOR ALGORITHM

Compute fiducial mark to be 1/10 window length.
Round up to next second.
If 2 seconds just take 1/10.
If P-shift:
Then load time vector with P-times.
Else load time vector with S-times.
Sort time vector, return key (call SORT).
Eliminate null times.
Save o0ld trace indices.
Re-order traces using sort key as index.
Save '0ld' window start-time.
Set window start-time = time (earliest) - Fiducial mark.
Reset trace distance based on new order (call RSETD).
Erase screen.
If zero flag on, compute zero level for traces (call ZLEV).
Plot date (call ARRAY).
Label plot (call LBSTA, LBSCL).
Draw fiducial dashed line.
Put caption of top of plot.
Return.

3.h SCALE PROCESSOR ALGORITHM

Prompt.

Readline.

Scan for 'x'.

Scan left and decode scale factor (ecall INFREE).
Scan right for argument list (call TPARS).

Assign scale factor to traces in argument list.
Return.

4. BRIEF DESCRIPTION OF SUBROUTINES

ARRAY Sets up data window and calls in data from disk. Computes amplitude
and time co-ordinates of each selected trace within data window.
Calls Tektronix plot routines.



BOX
COMMAND

DECIM

DEFAULT
DEPRC
EVPRC

FAZPU

FRAME
GPICK

INFREE
ISDS7
LBSCL
LBSTA

LPICK

MENU

NOSHF
PICK

PLPRC
PMARK

PSHIFT

RSETD

RSTAT
SCALER

SORT

SPLOT
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Draws a border around screen window.
Prompts user with "Command?". Looks up command in dictionary and
returns code to control program. =
Computes decimation function based on total points requested (within
a data window) for display.
Sets or resets default values for various variables.
Defines data window for a given plot.
Selects events for plotting. Plots all passes of event if EVPL
option is selected. Selects pass for subsequent plotting or
interaction.
Writes plase card file based on picks. Entered with SAVE command.
Calls BOX to draw border, then draws tic marks on border.
Called from PICK. It opens external files 'PIKLIST', 'FZLINK', or
'HYPOUT', and loads the information into variables in named common
block /DPARM/.
Decodes ASCII string and treats as free form real number input.
Returns real variable array.
Main program. Open files and calls various initialization routines
including DEFAULT. Calls main control routine SPLOT.
Labels scale factor on each trace as well as amplitude range of each
trace in selected units.
Labels each trace with station name and index number. Labels each
data window with window start and stop times.
Called from PICK. Calls PMARK to draw P, S, and F time pick marks on
traces. Draws residual time makrs if information is present.
Displays list of picks and associated selected parameters.
Writes either command menu or Pick menu to CRT Screen, based on
control argument.
Elimates trace time shifts by setting variable SHFT(k) equal to zero.
Allows user to 'pick' phase times, peak-to~-peak amplitudes, codas,
first-motion and pick qualities using the interactive cursor. Calls
LPICK to display picks, and calls both GPICK and LPICK to display
external picks.
Calls a sequence of routines in order to plot a given data window on
the screen.
Draws a vertical line at a given data co-ordinate with a single
letter label.
Plots data window with either P or S phase aligned. Only those
traces within a pass who have the appropriate picks will be
displayed. Traces are displayed in increasing time order.
Resets base level (vertical spacing) of traces to uniform spacing and
in index order.
Restores saved trace order into IREQ(J) from ITEMP(J).
Allows user to specify trace scale factors, either for all traces or
individual traces.
Sorts an array of real variables in ascending order and constructs
array of indices. It is called by PSHIFT. )
This is the main control subroutine. It calls COMMAND and routes
control to the appropriate processor subroutine calls by means of a
'computed 'go to''.
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SWIND Resets screen window bounds.

TPARS Parses and decodes trace select string of form (IJ M-N ABCD) into
list of trace numbers.

TRPRC Selects number of traces to be displayed for a given pass, as well as
the order of display. Traces may be appended to previous list.
ZLEV. If IZER flag in labeled common block /ZER/ is set, this routine is

called prior to plotting. If the flag is set, the NZ points per
trace are input then used to compute an arithmetic mean for use as a
zero (or DC) level for each trace. Variable Z(J) is set to this
level for each trace.

5. ACCESS TO DIGITAL DATA

ISDS access the seismic data thru the MCAM library. There are three
subroutines in this library which are called by ISDS. They are MCAM1, which
initializes common blocks; FRAMD, which defines the number of traces and their
length within the data buffer; and GETFM, which inputs a buffer load for each
call.

Typically, following each plot command, a call to FRAMD is made to set up
the trace order. Then GETFM is called successively until the plot is
complete. Details of the calling sequences appear as documentation in the
listings of these three routines.

6. INTERPROCESS COMMUNICATION

Interprocess communication is through various files which are accessed by
both ISDS and the other processes. These files fall volunarilly into two
categories, those concerned with the digital data, and those concerned with
the P and S picks and the location program.

The files which fall in the first category are the digital data, file
EVDAT, which was described above, the data description file EVDIR, the
subroutine which access EVDAT and MASTERLIST are organized in a library known
as the DIRC library. There are four routines in this library. The first,
which is called only once, is the initializing routine DIRC1. Each time a new
event is requested, the subroutine RQEVT is called, and each time access to a
new digitizing pass is requested, RQPAZ is called. A call to ENAME returnes
the ASCII name of the currently requested event. Details of the calling
sequence of these routines appear in the listings in Appendices O and P.

The second category of interprocess files are those which pertain to
communication between ISDS and either an earthquake location program such as
HYPOINVERSE or an automatic earthquake program.

In both these cases, input to ISDS is through the subroutine GPICK, which
is invoked by the Y, G, or H cursor commands. Output from ISDS is through the
routine FAZPU, which is invoked by a SAVE command. The phaselist file, which
is generated by this command, can be read back latter by using the Y cursor
command. The format of these files is described in Appendices I, J and K.
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7. SUPPORT SOFTWARE

(1)

(2)

(3)

(4)

(5)

MCAM modules by P.A. Marshall: -

MCAM is an acronym for Multi-Channel Access Method. Three subroutines
from this group are directly called by ISDS. They in turn call five other
routines in order to bring in data from the disk file 'EVDAT'. The data
is put into a user specified buffer in piece-wise multiplexed form (see
FRAMD writeup). The three called routines are:

MCAM1 Initialization
FRAMD Request the number of traces and the buffer size.
GETFM Read a buffer load of data.

The other routines are:

SEGMO Reads in next data segment from disk.
SEGIN Keeps track of previous segment.
DISKI Input task for disk segments.

DEMUX Demultiplexes data.

DIRC modules by P. A. Marshall and R. Haken: These routines bring data
descriptor information into ISDS from the EVDIR and MASTERLIST files.
There are five routines:

DIRC1 Initialization.

RQEVT Request event parameters.

RQPAZ Request pass parameters and station list.

ENAME Read event name from EVDIR.

FBLM Fortran callable interface to block move (BAM) instruction

(Data General Eclipse Assembly Language).

TEK modules by Tektronix, Ine. (PLOT10), P. A. Marshall (HITEK, PACK1), T.
D. Thomas (ADEIN, ADEOUT, ICODE, KSES).

The PLOT10 package is version 3.3 and is fully described in the PLOT10
users manual (1977). The other routines are I/0 interfaces and
improvements. HITEK is a DMA driver for the parallel interface which was
designed by Ellis and Marshall.

RDOS (Real Time Disk Operation System) by Data General Corporation,
including Fortran V (A superset of ANSI Standard Fortran 68) and various
Fortran Libraries.

EVCON and EVDIG by T. D. Thomas and P. A. Marshall. These programs, which
are briefly described in the section on 'Formats and File Structures of
the Data', are responsible for providing digitial seismic traces and
associated data for ISDS to display and manipulate. Unpublished listings
of these programs are available for interested persons.
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A: PARAMETERS USED IN ISDS*

Routines

Description

MAXX

LSZ1

MAXPASS

MAXVP

LSz

C$BLAN

C$GPARM

"

”"

See cross-ref
for C$BLAN

See cross-ref
for C$GPARM

Dimension of Data
buffer A(MAXX).

Location within LIST
of number of digital
passes.

Maximum number of passes per
event which this version
allows.

Maximum number of view ports
(passes) per plot page for
event plot.

Dimension of LIST(LSZ);
LSZ = LSZ1 + MAXPASS

’Parameters used by the DIRC modules and the MCAM modules are not

included in this list.



28
B: INCLUDE FILES USED BY Isps*

Include File Common Blocks Parameters Other

C$BLAN blank MAXX INTEGER A

C$APARM APARM

C$BPARM BPARM

C$PICK DPARM

C$PICT none Command Dictionary

C$GPARM KDATE, JDATE, LSZ1, MAXPASS, INTEGER EVENT

XXX, VEE. MAXVP, LSZ PASS, UNQYR,

UNQID, FCA, LCA,
VSAVE

Include files used by the DIRC1 and MCAM modules do not appear in this
list.
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C: DATA FILES USED BY ISDS

L.U. File Name Where opened Use =
1 DIRECTORY DIRC1 Description of digital data
2  MASTERLIST DIRC1 Station names
15 PIKLST GPICK List of auto picks
FAZLST FAZPU Phase list file
HYPOUT GPICK Station card file
y $TTO1 1SDS Tek tube serial output
5 $TTIN 13Dps Tek tube serial input (includes cursor)
3 JTEK ISDS File of tek vectors (not used)
9 TEMP ISDS Scratch file
13 (Remote File) SPLOT Pre-programmed remote user file
0 WHOLE1 MCAM1 Digital data file
D: LINKS USED BY ISDS
Link Name Resolution File
DIRECTORY DPO: EVDIR
MASTERLIST DPO: MASTERLIST
WHOLE1 DPO: EVDAT
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E: DESCRIPTION OF COMMON BLOCK VARIABLES

Common Label Varible Type Description =

Blank A(J) Integer array Seismic data input buffer,
Data stored here by GETFM,
used by ARRAY.

. MAXPTS Integer Maximum number of data points
for A.

NREQ " Number of traces
requested for plotting.

IREQ(I)

I = 1, NREQ Integer array Index of 'Ith' trace relative
to original digitized traces
(organized on a 'pass' basis).

APARM S(J), Real array Scale factor of

J = 1, NREQ 'Jth' trace.

zZ(J) " " Zero (D.C.) level of 'Jth!'
trace relative to 'distance’.

DT(J) " " Sampling interval of 'Jth'
trace.

TZ(J) " " - not used -

SHFT(J) " " Shift (in samples) of 'Jth'
trace. Positive value means
later time (shift to left).

D(J) Real array Distance (spacing) of 'Jth'
trace from top of plot (in
array amplitude units).

BPARM TZARR Real Offset of current plot window
(in seconds) from start of
data.

TWIND " Length of current plot window
(in seconds).

THR " Temporary hour of data.

TMN " Temporary minute of data.

AZ " Bottom of screen in array
amplitude units.

ARNG n Width of each trace in digital
amplitude units.

NT Integer - not used -

DTG Real Global digital- sample interval
DT(J) = DTG for all J.

SG Real - not used -
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DPARM All references are to JTH trace unless otherwise noted. All
time variables are in seconds. All amplitude variables are in
those units selected by "SESC' option. :
PTIME(J), Real Array Time of P-phase.

J = 1, NREQ

AMP (J) " Peak-to-peak P~-amplitude.

- STIME(J) " Time of S-phase.

FTIME(J) n Time of coda cutoff
determination.

CROSS(J) Time of first zero crossing.

SMP(J) Time between P and S phases
(s-P).

FMP(J) " Coda length (F-P).

PCROSS(J) n Time between ptime and first
zero crossing (Cross-PTIME).

IFMOT(J) Integer array First motion of P-phase:
U, D, + or -,

IGRADE(J) " " Grade of P-arrival (0-4).

SGRADE(J) " " Grade of S-arrival (0-4).

SAMP(J) " " Peak-to~peak S or maximum
amplitude.

RMK (I,J), Integer array First two words are

I=1, 3 for three character

J = 1, NREQ remark; third word is for
'station remark’'.

SRMK(J) " " Impulsive 'IS' or emergent
'ES', else ' S' or ' '.

PRMK(J) " " Impulse 'IP' or ermergent
'IP', else 'P' or ' ',

PRES(J) " " P~residual from HYPOUT.

SRES(J) " S-residual from HYPOUT.

EPD(J) " n Epicentral distance of trace,
as read from HYPOUT.

CLK(J) " " Clock correction, add to
seconds.

KDATE KYR Integer Year of event, relative to

digitizing start time.

KMO " Month of event, relative to
digitizing start time.

KDA n Day of event, relative to
digitizing start time.

KHR n Hour of event, relative to
digitizing start time.

KMN " Minute of event, relative to

digitizing start time.
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RSEC Real Second of event, relative to
digitizing start time.
DUR " Duration time of digitizing
(A/D conversion) in seconds of
data time.
EVENT Integer Number of the event relative
to Data File.
- PASS Integer Number of the Pass, relative
to the event.KDATE
UNQYR " The 'year' part of the unique
ID number.
UNQID " The 'serial number' part of
the unique ID number.
TCORR Real Clock correction (seconds).
FCA Integer First digitized channel 'Mux'
address.
LCA Integer Last digitized channels 'Mux’'
address.
JDATE IHR Integer Hour of plot window start time.
IMN Integer Minute of plot window start
time.
TSEC Real Second of Plot window start
time.
XXX XX(3) Real Array - not used -
LIST(L), Integer Array input parameters
L =1, LSZ from file EVDIR by way of
subroutine RQEVT. See RQEVT
writeup (Appendix C).
VEE VSAVE(M, N), Integer Array Screen co-ordinates of

M
N

1, 4
1, MAXPASS

windows (view ports) for EVLP
option.

VSAVE (1, N)
'Nth' window

x origin of

VSAVE (2, N) = x length.
VSAVE (3, N) = Y origin.
VSAVE (4, N) = Y length.
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TVTUNE ITV Integer Logical unit of CRT serial

output. i
ITX Integer Logical unit of CRT serial
input.

RPLAY VFILE Integer Switch to institute storage of
tektube plot vectors in file
JTEK, not currently used.

SFL SFLAG Integer Selects scaling option, 1 =
digital counts, 2 = volts out
of discriminators, 3 =
equivalent develocorder mm.

ZER IZER Integer JZER = 1 if ZE option is set,
IZER = O if UNZE option is set.

YANA IZ1T Integer - not used =~

DECI IDF Integer Decimation factor

DEMAX Real Maximum number of decimated
samples. Set in DEFAULT.
DLIM Real - not used -

CPARM NSTA Integer - not used -

ISTA(I, J), Integer array ASCII name of 'Jth' station.
I:=1, 2,
Jd =1, 32

SCAL KX Integer x-origin of plot window, in
screen coordinates.

LX Integer length of plot window, in
screen coordinates. -

KY Integer y-origin of plot window,
inscreen coordinates.

LY Integer height of plot window, in

screen coordinates.
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ITERM Integer Terminal type 1 = HOLD, style
(1024 x 780) 4 = 401U style<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>