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1. Introduction

The original purpose for developing program ARRAY was to provide an
interactive environment for the application of array techniques (timing,
stacking, beam-forming, cross-correlating, displaying) to multi-trace
seismic data recorded and digitized by the Centipede data acquisition and
playback systems (P. Reasenberg, et al., 1977). The original intent was
to implement an automated teleseismic p-delay method, so that much of the
computation (Program Section U4) is specifically designed for that
application. However, other applications are easily accomodated, due to
the structured programming approach employed. Other applications of the
program might include Vibroseis or air-gun velocity studies, beam-
forming, noise studies, and other seismic studies which employ noise
reduction array fechniques.

The Centipede data acquisition system produces a large quantity (up
to 96 traces) of seismic data, with a common time-base. The USGS Eclipse
minicomputer system (P. Reasenberg, et al., 1976) stores, in event-
organized files, these data in multiplexed form along with digital time
code and station assignment information. In order to provide an
environment suitable for exploring the coherent information contained in
these array data, most of the data handling tasks have been automated so
that emphasis can be placed on data process techniques and modeling.

Four general areas of automated data handling are treated in the program:

1. Station list bookkeeping is handled automatically. The opera@or

may interactively edit the list to reconfigure sub-arrays and

delete stations interactively.



2. Event selection and data windowing is done interactively.
Selection of the working data segment is prompted by the
program, and checked for compatibility with buffer sizes.

3. Computational processes are performed array-wide, in the
sequential mode (trace by trace). Hardware array processors
have the advantage that they can perform many computations in
parallel over the array, thereby drastically increasing speed.
Computation times in the sequential approach, however, are not
prohibitive, and this approach allows relatively simple Fortran
programming of tasks to be performed.

4. Data I/0 (fetch and put buffer operations) are made transparent
to the user.

Alteration of program ARRAY for uses other than teleseismic P delay
studies will require some reprogramming. Because of the modular organiza-
tion of the program, modifying this program should be much easier than
rewriting it, and we expect that this version will be the first in a
series of evolving, special-function programs built around the modules

provided here.

2. Teleseismic P delay version

As mentioned above, while program ARRAY is intended to be a general
purpose program for application to a variety of seismic problems related
to signal coherence in array data, the current version was written for
the teleseismic P delay problem. Several investigators (Steeples and

Iyer (1976), Peake and Healy (1977), Press and Biehler (1964), Bolt and
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Nuttli (1966), Nuttli and Bolt (1969)), have approached this problem with
conventional methods. In the usual practice, seismogram timing is done
visually, based on one or more key features of the P wave (e.g., first
break, identifiable peak or trough, zero-crossing). Expected traveltimes
are then obtained for each station in the array, using the event
hypocentral location, occurrence time, station locations, and an
appropriate traveltime table (e.g., Herrin, 1968). Station residuals are
obtained by subtracting the expected traveltimes from those observed. To
remove the effects of errors in occurrence time and hypocentral location,
relative residuals are computed by subtracting the residual at a selected
reference station from each other residual.

We identify three possible problem areas associated with this
conventional approach. First, use of a global traveltime model cannot
account for inhomogeneties in the mantle. Known or postulated inhomo-
geneities, such as a down-going slab or ocean-continent crustal
transition zone, can steer the teleseismic ray, and introduce per-
turbations in both the azimuth and apparent velocity, with respect to the
traveltime model. The first order effect (on travel time) of such
defocusing is removed when traveltime residuals are reduced to relative
residuals between nearby stations. However, a second order effect must
remain, and be seen in the relative residual field as a broad trend
across the array in residual values. Such a trend in the residual field,
originating from a mantle refractor, might be misinterpreted as having
crustal origins. When it is desirable to eliminate such large-scale

structural effects from the derived residual field (as it is in the case



of upper crustal studies), the best-fit-plane-wave method is preferred.
This method has been previously applied by Iyer and Healy (1972), Davies
and Sheppard (1972) and others to the problem of teleseismic P delay
interpretation. 1In this approach, described in Section 3, the pattern: of
P arrivals is characterized as a plane wavefront, whose azimuth and
apparent velocity are parameters. Residuals may then be obtained at each
station with respect to the time expected for the plane wave arrival.

The second potential problem in conventional P delay method is
timing precision. Virtually all investigators have claimed teleseism
timing precision of 0.05 to 0.1 sec. For many studies, this precision is
sufficient, and relatively easily obtained. Several picking techniques
adequate for obtaining this precision are reviewed by Steeples and Iyer
(1976). However, in studying temporal variations in crustal velocity,
teleseismic timing precision of 0.01 seconds or better is required. In
local continuous source (Vibroseis) and repeated source (air-gun) studies
of crustal velocity, timing resolution to milliseconds is desirabie.

Such precision is not possible from conventional timing methods.

Associated with the problem of timing resolution is the problem of
obtaining a sufficiently large number of usable teleseismic events for a
particular study. With emergent teleseismic arrivals, conventional
timing techniques can introduce such large errors that often these
arrivals are eliminated from the data set. If a timing method were
employed which relaxed the criteria for acceptable P pulses, allowing
more emergent arrivals to be used without degrading the timing precision,

the effect would be to increase the size of the available data set.
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The third potential problem is timing repeatabilty. Timing methods
which rely on picking features of the seismogram visually are subjective,
and each reader has his or her own biases. We believe that systematic
errors of from a few hundredths of a second to a tenth of a second (in
the case of emergent arrivals) can be attributed to individual reading
spyle. While such errors may be constant over a short study involving
only one reader, long-term studies of temporal variations in crustal
velocity clearly must be free from reader bias, since many different
readers would presumably be involved over the time spanned by the study.
In order to improve both the precision and repeatability of
teleseism timing, the P pulse correlation method, suggested by Press and
Biehler (1964), is employed. This method uses the entire P pulse (or a
portion of it), and derives the relative delay between each trace and a
(pre-assigned) reference trace by cross-correlétion. The method is

described in detail in Section 4.

3. Plane wave model

In this model, the approaching teleseismic signal is assumed to have
a plane wavefront. Azimuth angle, THETA, of the ray is measured
clockwise from north. Angle of incidence, PHI, is measured from the
vertical. In Figure 1, it is seen that for each station i, there is a
(positive or negative) additional segment of ray path along which the
wavefront must travel, with respect to the reference station. The length

of the additional segment, S;, is given by

*

Si = X4 sin (PHI) + h; cos (PHI)



where X. js the component of the distance vector from the reference

station to station i, along the direction of the ray's azimuth, THETA.
The quantity h; ;5 the elevation of station i, relative to the
reference station. The distances between stations in the array are
computed using the short distance method of Richter (1958).

From the segments S; a1e derived the relative traveltime elements
corresponding to the spatial distribution of the stations in the array.
A constant (non-layered) velocity model is used. The velocity may be
interactively adjusted as a parameter, allowing a best-fit (minimum
rms-residual) average velocity to be determined. The result of an
unpublished work by W. Bakun® (personal communication) shows that the
delays produced by a layered crust with top layer velocity V are the same
as those produced by a half-space with velocity V, in the model shown in
Figure 1.

In the program, three input parameters of the model are
interactively set, and a search for the best-fit plane wave may be
iteratively made. These parameters are THETA, the ray azimuth, DTDDEL,
(dT/dA ), and V, the upper crustal velocity. Help is provided by the
program in fitting these parameters. Observed apparent velocity, VAPP,
is determined by a linear least-squares fit to the correlation-timed
relative arrivals across the array. This quantity, which is independent
of the model, is converted by the program to the corresponding value of

dT/dA and used as input parameter in the model on subsequent passes.

*U.S. Geological Survey, Menlo Park, California.



For best-fitting THETA and V, the RMS value of the relative
residuals over the entire array is used, based on the assumption that the
minimum in the RMS relative residual corresponds to the best-fit azimuth
angle and crustal velocity. The iterative use of this parametric model
warrants caution. Interpretation of the results must be put into
perspective, since this somewhat artificial method, while capable of high
resolution in delineating local delaying features, leads to a fictitious
gross crustal model. Furthermore, H. M. Iyer* (personal communication)
notes that the fitted plane wave method of relative residuals will not
work well in an area where the size of the crustal anomaly is comparable
to the array size. In these cases, the plane wave assumption is invalid;
a distorted wavefront predominates in the array. As a result, the
magnitude of the anomaly-induced delays will be underestimated. The
method is properly applied when the array is much larger than the crustal
anomaly, or when a subset of stations, laying over an area of normal

crust near the anomaly, is used to fit the plane wave.

y, Correlation timing

Press and Biehler (1964) have suggested that the entire P pulse
could be used to accurately deduce P wave delays. This refinement over
the convential method using discrete picks of discernable features of the
P pulse, is applicable when the waveform of the P pulse remains coherent

over the array. In these cases, the entire P pulse of the reference

*
U.S. Geological Survey, Menlo Park, California.
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station is used as a template, and relative delays are obtained by
"sliding" the template over each other P pulse, and searching for the
delay resulting in the best fit. Mathematically, this process is
cross-correlation. The cross-correlation between two input functions
(the reference trace and the other trace) produces a third function,
called the correlation function, valued between +1 and -1. The argument
of the correlation function represents relative offset in time between
the two input functions. The offset for which the correlation function
takes on its maximum positive value, corresponds to the time delay
between the two input functions. If the two P pulses are identical
(except for a relative delay, 1) their cross-correlation function will
take on the value +1 when its argument is t. When the two P pulses also
differ from each other due to incoherent noise, interfering signals, or
waveform distortions, the maximum positive value of the cross correlation
function will be less than 1.0, and the form of the correlation function
may become complex. The height and width of the maximum positive peak of
the correlation function are measures of the overall goodness of fit
between the two input functions, ignoring temporal offset. More complete
" discussion of cross-correlations may be found in Kanasewich (1973),
Beringtoﬁ (1969), and Lee (1960).

In the current program, the cross-correlation function is computed
(by subroutine CORR) for each pair of traces consisting of the reference
trace and one other trace. The data windowing limits, and amount of
correlation offset, are determined interactively earlier in the program.

Offset resolution is equal to the data sampling interval (0.01 sec in the
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examples below). The values of the correlation function are computed and
stored on disk for future plotting. A search is then performed, over the
correlation function to determine the offset having maximum positive
correlation. If things were simple, this offset would give the true
delay. However, one further computatiénal step is required. As
mentioned above, interference and noise in the input traces will result
in a complicated correlation function. To the extent that the input
functions differ from being identical waveforms offset in time, the
correlation function maximum peak becomes contaminated by "noise".
Figures 2 and 3 show relatively noise-free teleseismic P pulses, and
their corresponding cross-correlation functions. The upper trace is the
reference trace, in each figure. The 3-second window over which the
cross-correlation integral is computed is indicated by cross marks on the
traces. The resulting cross-correlation functions, shown in the center
of the figures, were computed for lags up to + 2 seconds. In each case,
the upper vertical line is the "y-axis" of the correlation function plot,
and its intersection (point "A") with the reference trace provides a lag
reference point on that trace. The lower vertical line is drawn through
the maximum positive point in the cross-correlation function. 1In Figure
3, this point is 0.42 seconds to the left of the axis, indicating that,
in this example, the lower trace is earlier than the reference trace by
that amount. Figure 2 shows a relative delay of 0.50 sec. The inter-
section (point "B") of the lower vertical line with the lower trace
represents the point which corresponds in phase to point "A" above it.

The cross mark on the upper vertical line indicates the value 1.0 on the
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correlation plot. C(Clearly, for data of this quality, the cross-
correlation function is "clean" and can easily be used to determine
relative delays.

Figures 4 and 5 show two more examples, involving weak teleseismic P
pulse arrivals. Arrivals such as these might be considered marginal at
best for use in determination of relative delay by conventional timing
methods.

Notice that the "picks" of the maximum positive point in the
correlation function appear to be in error, due to noise present in the
correlation function. The pick corresponding to the actual delay between
stations IWV and CFUV (Figure 4) is approximately 0.1 seconds late, while
in Figure 5, the pick on station ALE is approximately 0.1 seconds early.
In order to avoid these picking errors introduced by noise, a polynominal
regression is applied to the portion of the correlation function
surrounding the maximum. The degree of the polynomial (up to fifth
order), and the width of the fitted segment, are selected interactively.

A search is then performed on the_least-séuares best-fit polynomial
approximation to the correlation function, and this function is free from
the higher frequency noise present in the correlation function.
Application of filtering methods is considered inappropriate (as a
alternative to polynomial fitting) because of introduction of unknown
phase delays. Figures 6 and 7 show the resulting delay determinations
when polynomial fits are used on the data presented in Figures U4 and 5.
In these examples, a fifth-order polynomial was fit over a segment 0.8
seconds wide, centered on the maximum positive point in the correlation

function.
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The power of the correlation technique is clearly seen in Figures 6
and 7. The signal-to-noise ratio of these weak teleseismic P arrivals is
approximately 1, while that of the correlation functions is approximately
5. Because a cross-correlation derives information from the entire
segment of the P pulse, it results in this effective signal enhancement.

There are two important advantages inherent in this technique.
First, this method is (obviously) computer oriented, allowing automatic
timing of traces. Computation time for trace segments of 3 seconds, and
lags up to + 2 seconds, is less than 10 seconds per trace. However,
speed is not the primary objective. The accuracy of P pulse timing
depends upon objective, repeatable algorithms, not subjective visual
picks. Systematic or random errors which may be present can be
identified and corrected, to resolution exceeding the capabilities of
visual picks.

Secondly, weak arrivals, which would not be used at all in a visual
approach to P pulse delay determinations, may now be used, making more
data useable. The quality of the P delays derived for each trace is
indicated by the value of the maximum correlation coefficient, as well as
the plot of traces and pick. Hence, data decimation may be objectively
performed on data sets involving weak data, at the level of uncertainty
desired. Estimators of picking uncertainty have yet to be incorporated

into the program.
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5. Organization of the main program

Program ARRAY is arranged in sections. Each section performs a
specific body of related work. Jumps from one section to another may be
interactively made, either forward or backward in the program, so that
the user may try various approaches to the ahalysis of the array data,
evaluate the results, make certain changes and recompute. Typical use of
the program relies heavily on the interactive ability of program ARRAY.
For example, a first pass through the array may indicate that the event
was windowed improperly, or that some stations should 5e eliminated from
the array. Later passes may suggest alteration of filter parameters,
crustal model parameters or ray parameter assumptions. Since a graphic
record is preserved showing all the interactively determined parameters
for each pass, as well as plots of data and picking results, one may work
through a sequence of passes interactively, with a hard copy record of
all important analysis parameters.

Program ARRAY relies heavily on program overlays. In general, each
overlay consists of one subroutine. In this way, program ARRAY is
designed to be expanded without striect limitations imposed by core space
for code.

Program ARRAY also makes use of program swapping (Fortran call
"FSWAP"), which allows one line of Fortran code in one program to
transfer control to another program. The starting program variables are
preserved during the swap, so that when control is returned to the
starting program, its variables remain unchanged. This technique allows
the larger modules (e.g., plotting programs) to be included, using the

disk
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as data scratch pad, and provides a second level of modular program
expansion.

A1l output is directed to the Tektronix 4014 storage display device,
either directly or to disk for later plotting on the 4014. Interactive
aids (prompts and intermediate results) are displayed throughout the
program. The final output "page" (Figure 10) is a one-page summary of
the entire pass, and includes all the information needed to reproduce the
same pass at a future time. This output form includes results of
teleseismic residual determinations and statistics derived therefrom.

Two sets of plots aré generated during each run. One plot (option
"PF") displays the digital filter's effect on each trace (Figures 8 and
9). Another plot (option "PC") shows the details of the cross-
correlation "pick" (Figures 2 through 7). The plotting programs are
separate programs, accessable from the main progfam (ARRAY) by swapping,

or executable separately.

6. Event Selection and Data Windowing (Program Section 2A)

The data set for program ARRAY resides on disk "DP@". The program
which generates this data set is the utility digitizing program called
EVCON. Program EVCON produces two files on the DP@: EVDAT is a large,
contiguous file containing all the digitized data for N events; EVDIR is
a random file containing directory information about the data. Selection
of an event for use in program ARRAY is limited to events on one disk at
a time. Events are numbered from 1 to N, and it is necessary to know the

ordination of events on the disk in order to request them.
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Selection of the data window is done interactively. The data arrays
currently hold 1500 samples per trace. This space must accomodate both
the primarly data window and data immediately flanking both sides of the
window, used in the correlation integral. Hence, (for 100 sample per
second data), a full buffer would result from a primary data window of 9
seconds, with + 3 second correlation lag (i 3 sec lag is presently the
maximum allowable correlation lag). Checks on the data widths selected
are made, and incompatibilities with the buffer sizes, and with the

original data set bounds are reported.

7. Station List Editor (Program Section 2B)

A1l information pertaining to the seismograph stations (name,
latitutde, longitude, elevation, component, orientation azimuth,
attenuation) originates in a file on DP®, named MASTERLIST. This file is
created by program EVCON at the time the data are digitized. This file
is organized in card-image format records, described in Table 1. When
the stationlist editor section of program ARRAY is entered, a list of all
stations in the array is displayed. This list will include all stations
which were digitized for the selected event, including thosé station that
were not operating at the time. Typical use of program ARRAY includes
deleting some of these stations from the ensuing processes, thereby
forming é sub-array. A global command may be used to delete all
horizontal component traces. Further interaction may delete other
individual stations from this decimated "working list" of stations, until

a new stationlist is composed by returning to the beginning of this



17
program section. Selection of one station to serve as a "reference"

station is also done in this section.

8. Wave and Model Parameters (Program Section 34)

This section is written specifically for the teleseismic P-delay
process. In it, the ray's azimuth and value of dT/d A are entered, as
well as a crustal model velocity. This section begins the output page
which contains all the process parameters, intermediate results, and

final results of the teleseismic P-delay process.

9. Digital Filter (Program Section 3B)

Two digital filter routines, written by Keith McCamy at Lamont
Geophysical Observatory, have been modified for integer data. Subroutine
HIPAS is a Butterworth response high pass recursive filter. Subroutine
LOPAS is a Butterworth response low pass recursive filter. The order of
the response is selected in the main program (non-interactively) to be 2
(corresponding to asymptotic response of 24 db/octave). Combinations of
the two filters produce a low-pass, high-pass, or bandpass response, with

corner frequencies interactively selectable in this section.

10. P delay Process (Program Section U4)

In this section, the bulk of the computation for the p-delay process

is preformed. Refer to program comments.
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Station List Format

Column Name Format Explanation Example
1-4 NSTA A4 Stn name ABC1
5 IW Al If IW = *, etc...
6-7 - LAT1 12 Latitude, degrees 37
8
9-13 LAT2 F5.2 Latitude, minutes 15.72
14
15-17 LON1 I3 Longitude, degrees 121
18
19-23 LON2 F5.2 Longitude, minutes 30.45
24
25-28 IELV 14 Elevation in meters 1250
29 ICOM Al Component HorV
30-32 IAZ I3 Azimuth direction of 260

horizontal geophone,
in degrees, clockwise
from North
33
34-80 As in Format 2 (Variable First-Layer Model), HYPO71

69-70 ATTN 17 Attenuation in decibels 18
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APPENDIX A - PROGRAM ARRAY AND SUBROUTINES

ECLIPSE FORTRAN S, VERSION 4.01 -~ TUESDAY, NOVEMBER 13, 1977 10:38:11 AN

11
F3)
3
41
- 4]
6!
t
8
L 3]
10!
11
121
133
141
1812
16
17
18!
19
20!
23
22!
23
24
2%
26!
27
28
29
30:
31
329
33
34
33
36
371
38!
39
40
41
42
43!
44
43
46!
473
481
49
S0
S1
S21
$31
sS4
$S1
$6:

ARRAY .FR

PROGRANM ARRAY -
AN INTERACTIVE ARRAY PROCESSING PROGRAM FOR USE

MITH DATR SEYS ESTABLISHED BY PROGRAM EVCON.

P. REASENBERG
MARCH, t977

SUBROUTINES USED!' RANGE, DELAY, STRCK. FETCH, MCAN1., DIRCH.
MLPNT, DELTA. CORR, LGPAS. HIPAS., POLYFIT, SORT, CYCLE
CISSEBE00EEEES5EE0SE0ENEORIERERIESERIATIEINEISEEEEEOITEEBOROORTSE

SECTION 1@ INITIALIZE

OO OOOOOD

DIMENSION R(4,96)> ELEV(96).DELY(96),RANC(96),DELT(96).
X ICOMC96)>,IDEL(96),LIST(96).IFILEC1IL),
X COEFF(96),DELCOR(S6)>,RES(36)>,LINC3,2), IPOINT(3,32),ICARD(40)
COMMON COR(601)>.B(6)
DOUBLE PRECISION TW.TE,TLAG, SEC
INTEGER TRACE(4).TIME(S), SYN(96)>,.BUF1(13500),.BUF2C(13500),

X SYN1,ETIME(S),TINELIC(T), EVYNANC20), EVNT( 1605 BUFLEK., VLEN, EYNUN,

X TODAYC(E)

CONMON/EDIRC/JDUNCA),EVNT

DATA CC/181.11/

DATA INL,JREF/2.1/

DATA IBLANK,IV.IN,IDEL/’ ',’V’,'H’ ,96%99/

DATA SYN,8YNL/96¢’ ','RF'/

EQUIVALENCE CEVYNUM,EVNTC1)), CEVNANCE D). EVYNT(2)),
CEDELT,EVYNT(24)),CEDUR,EVNT(26)), CETIREC1 ), EVNT(28)),
CESEC,EYNTC33)>),(INOD, TODARY(1)), (IDARY,TODRY(2)),CIYR,TODRY(3)),
CJHR , TODAYC4))>,CIJNIN, TODAY(S) ), CJSEC.,TODRY(6))

K XX

CAaLL RESET
CARLL INITC(*DPO*.0,1ER)
CRLL MCaNi
OPEM 10, ‘sTTOt’
QPEN t3., 's$TTIt’
OPEN 9, °DPO:TRACE",LEN=8
CALL OYOPN ("QRRAY.DL*®,IERT)
IF CIERT.NE.1) TYPE ‘OVERLAY!: IERYT = ’,lERY
CALL DIRCH
c
c
Crmee PRINT THE NEADING
100 CALL FGDAY (INO.IDAY.IYR)
CALL PGTINE C(JHR,JNIK,JSEC)
URITE (10,19
19 FORMAT (’<33)<14)>')
CALL FDELY(13)
MRITE (10.1) IMO,IDAY,IYR.JHR,IJNIN
1 FORMAT (T28.,'PRULS TELESEISH ARKARY PROCESSOR’, 10X,
X ‘DRTE: foI2.07°,12,'¢7,12/T70, TINE: tL12,01,127)
4
c
COPs0ttertesststtrtssssttsrtsesseessssssststtsssdtsnsntsnsedttans
c
c SECTION 2A: SPECIFY EVENT AND DATR WINDOW



$?1
S8
391
60!
611
621
63!
4
63
66
671
€8
691
70:
4 %)
72
73
74
3
76!
7?3
78!
79
80:
8t:
82:
83:
84:
s
86
8?7:
89
891
90:
91
92
93!
94
9351
96!
97:
98
991
100
101
102!
103
104:
10$:
106
1071
1091
109!
110!
111
1129
113
1143
113
1161t

(4
[
Cove
201
c
Ceem
|
c
[
c---
202
13
C
c---
¢
c
4
40
[
[
Comm
c
c
[
[
[
c
[
c
c
203
204
c
[
C

3 ¢ X X x

SELECT EVENT
RCCEPT ‘SELECT EVENT: ‘,IEVENT

GET DIRECTORY INFO FOR THIS EVENT FROM EVDIR
DIRECTORY FILE (LENGTH=160) IS READ INTO ARRAY “EVNT®
BY SUBROUTINE MLPNY AND IS IN COMMON/EDIRC/.

CARLL MLPNTCIEVENT. IPOINT.LIN)

PRINYT OUT DESCRIPTION OF EVENT
ISPS=1./EDELT
WRITE (10,13) EVYNUM, EVYNAN, ETINEC2), ETINEC(3),ETINEC(L),
ETIMEC4), ETINECS ), ESEC,EDUR, ISPS
FORMAT (' EVERT ‘.13, === ’,20R2/
‘ DATE: '.12,'/7*',12.°'7'.,12/
‘ TIWE: ',12,°’,12.73?,F4.1/
! DURATION: “,F3.1.,’ SECONDS’/
! SANPLE RATEY ’,13,’ SAWNPLES PER SECOWD’'/)

LOAD ARRAYS VITH DIRECTORY INFO
LIMCJ,1)=FIRST CHAN, PARSS J
LINCJ,2)aLAST CHRN, PASS J
=t
D0 40 J=1,3
IFCCLINCY, 15 . EQ.O).OR.CLINCJI,23.EQ.0)>) GO TO 40
D0 40 K=LINCJ, 1>, LINCJ, 2D
IF CIPOGINTC(J.KY.LE.O) GO TG 40
READ C(IML,RECaIPOINTCJ,K),ERR=902) ICARD
DECODE C(ICRRD,4) TRACE(1),.TRACEC(2), ACt, 1),R(2.1),
AC3, 1. RC4, T3, ELEVCT ), ICONCTY
FORMAT C(2R2,1X,F2.0,1¥,FS.2,1X,F3.0,1X,F5.2.1X,F4.0,41}
TRACE(3)=J
TRACE( 4)=K~LIN{J, 1541
VRITE (9,REC=I) TRRCE
I[nsl+f
CONTINUE
K=l-t
H = TOTAL NUMBER OF STATIONS IN STATIONLIST

DEFINE DRTR VIKDOW

ETINE = BEGINMING OF DIGITIZED DATR ON DISK

TIRE = BEGINNIMG OF DATA WINDOW TO BE CORRELLATED

TINE1 = BEGINNING OF DATR WINDOW TO BE FETCHED FOR
CORRELLATION

TIMEL = YIME - TLAG

YLEN = LENGTH C(IN SARMPLES) OF CORRELLATION DRTR VINDOW

BUFLEN= LENGTH (IN SAMPLES)> OF BUFFER FOR FETCHED DATH

TYPE ‘ (DATA VINDOW + 2¢LAC) NUST NOT EXCEED 1300 SAMPLES’

RCCEPT * EHTER DATA VINDOV VIDTH (SECONDS)! ‘. NINDOW

VLEN=VWINDOV/EDELT

RCCEPT ’ ENTER STARTING TIME OF WINDOVW (HH MM S§5.8): ‘.,
TIMEC(2), TINECT ), SEC

TV = YINDOV START TIME IN SECONDS
TE = EVENT START TIKE IN SECONDS
TU=3600.¢TIMEC2)+60.+TIME(3)+SEC
TE=3600.+ETIME{ 4)+60 . «ETINE(S)+ESEC

33



11?71
118!
119
120
1213
122
1231
124
129!
126
1271
128
129
1301
1311
132
1333
134
13$:
1361
1371
1381
139
140
1411
1421
143
144
1435
146
147
148
149
150
181
1321
153
154
1531
156!
18713
1881
1891
160}
161!
162!
163!
164
163
166!
167
169!
169
170
1741
172!
123
174:
1781
176

208

o000

210

218

220

23

C---

221

¢
[

IfF (TV.GE.TE) GO TO 203

TYPE ' START OF DATAR WINDOY 18 ERRLIER THAN START OF
EVENT ¢ /

GO TO 204

TIME(4)=SEC .

TIMEC(S )= (SEC-TIKEC4)>)+1000

WRITEC10.9)> WINDOV,VLEN,CTINEC(K) K=2,3)

FORMAT (’ BEGINMNING OF ‘,FS.2,’ SEC DATAa WINDOW (',
I4,’ SANPLES) I8: *,12,':+’,12,°:,12,'.',13}

ACCEPT ’ ENTER MAXIMUM LAG (UP TO 3.0 SECONDS) OF CORRELLATION

P 'LTLRG

HAKE SURE THAT THERE 1S ROOM OUTSIDE THE DRTR VIKOOW
AND INSIDE THE EVENT FOR THE CORRELLATION LRG.

IF ¢ (TW-TLAG>.LT.TE) GO TO 210

IF ((TU+NINDOW) . GT.(TE4EDUR)Y) GO TO 213

GO TO 220

TYPE ’/ OUT OF RANGE OF EVENT -- USE SMALLER LARG LIMIT,

SHALLER DATA VINDOW., OR START DATAR WIKDOW LATER’
GO 70 203

TYPE ’ OUT OF RANGE OF EVENT -- USE SMALLER LAG LINMIT,

SHALLER DATR WINDOU., OR START DRTA VINDOV EARLIER’
€0 T0 203
LACS=TLARG/EDELT
WRITE(10,23) TLAG,LAGS
FORMAT (' SYMMETRIC CORRELLATIONS VWILL BE PERFORMED.
'LAGS UP TO ‘,F6.2,' SECONDS (’,l4,’' LAGS)Y' /)

DETERMINE HOV MUCH DATA IS NEEDED TO BE FETCHED

TIME1C2)>=(TU-TLAG)/3600.

TIMEL(3)s((TU-TLRC)-3600.+TINEL1(2))/60.

TIMELC4)s(TU-TLAG)-3600 .« TINELI(2)-60 &TINEL(3)

TIMEL1(S)=( (TW-TLRG)-3600.«*TINEL1(2)-60.«TINEIC(3)-
TINE1(4)>)+1000.

BUFLEMN=WULEN+2¢LAGS

I1F (BUFLEN.LE.1300> GO TO 22%

TYPE '’ REQUESTED DATA EXCEEDS BUFFER SIZEY’

GO TO 203

IRES=1

ACCEPT "(C135>C135> TYPE t TO CONTINUE, O TO RE-SELECT
EVENT!: ‘', IRES

IF (IRES.NE.1)> GO TO 20t

VITH /.,

CrER RIS RSP RR R AT AT R ST RO NSE RN R SR RS SR RO SRR R X SE RS SRS RO KSR SIS S S

c
c
c

.

SECTION 28: EDIT THE STATIOMLIST

PRINT OUT THE STATIOKLIST DATA
URITE (10.19
CALL FDELY(13)
NLIMES=30
URITE (10.3)
FORMAT(?X,’NAME’ ,2X, LATITUDE’,
3%, LONGITUDE' ,3X, ELEV’,3X.'CONP’' . //)}
11=0
DO 30 I=1,N
I11=11+1%

34



1?27
1781
129
180!
1811
1821
183!
104
1851
106!
18?7
169
189:
1901
191
1921
1931
1941
198
196
1921
1981
199
200!
2011
202!
203
204
208
206!
207
208
209!
210!
211
212¢
213!
2141
2131
2161
217
219
2191
220
2211
2221
223
2241
2235
226!
2271
2281
2291
2301
2311
2321t
233
2341
233
2361

24
2%
30
é
c
c
Commm
33
34
c
¢
Commm
c
S3
56
c
c
Commm
357
70
c
c
Comme-
80
60
61

35

IF (11.LE.NLINES)> GO TO 2%

READ (11,24 JPAUSE

FORNAT (S1)

WRITE (10,19}

CALL FDELY(1S)

MRITE (10,952

Ileg

READ (9,REC=I} TRACE

MRITE (10,6)> SYWNCI)>, I, TRACEC1), TRACE(2),A(1.,1),08(2,1),

RCI, T, AC4, 1), ELEVCTI),ICONCT)

FORMAT(IX, R2,1X,12,1X,2A2,2X.F3.0,'-*,FS.2,24,F4.0,"~’,
F5.2,2X,FS.0,4X% 01}

EDIT THE STATION LIST

IHOR=0

ACCEPT '<18> TYPE 1 TO DELETE HORIZONTAL COMPONENT STATIONS
FRON THE ARRAY ’, IHOR

ID=0

RCCEPT ' TYPE 1 TO DELETE ANY OTHER STATIONS FROM
THE RRRAY *, ID

IF (ID.E@.1) GO TO 6O

Kas1

KB=0

I=}

=i

TEST FOR HORIZONTAL COMPOHEMT STATIOK AND DELETE IF
ITHOR . EG. 1

IF (CIHGR.EQ.1)>.AND.CICOMCI) EQ.IH))> GO TO 70

IfF (ID.KE.1> GO TO 37

10L=0

00 56 K=1,9¢

IF (1 .EQ.IDELCK))> IDL=t

IF (IDL.EG.1) GO TO 70

PUT STATION INTO THE “USE LIST®
LISTCJ =]

Juj et

Iwleg

IF (1.GT.H) GO TO 80

GO To S5

M I8 THE TOTAL MUMBER OF STATIONS IN THE °“USE LIST®

LEPES

GO T0 8S

Kani

KB=0

ACCEPT ° NOW MANY STATIOMS ARE TO0 BE DELETED? ’.NDEL
IF (NDEL.LY.{) GO TO 83

I1Ds1

KB=KB+NDEL

ACCEPT ’ ENTER STATION NUMBERS TO BE DELETED: <15>’,
CIDEL(K ), K=KA:KB)

KA=K8+ 1

GO TO S4

CONTINUE



237!
239
239%)
240)
2411
242
2431
244
243
246!
247
249
249
230
231!
2821
283
254!
23S
236!
25
2301
259
260
2611
262
263
2641
263
266!
267
260 ¢
2691
270
271
2721
273
274
273
276
27"
2791
2791
280
2811
2821
203
2041
288
286
287
289
289
2901
291
292!
2931
294!
293
296!

c

COOOOOHOHD

[x N X )

89
20

SPECIFY THE REFERENCE STATION
SYMCJREF )= [BLANK
ARCCEPT 'ENTER THE NUMBER OF THE REFERENCE STATION: ',JREF

PRINT OUT THE “"USE LIST®

SYNCJIREF =g YN1

VRITE (10,19>

CALL FDELY(13}

WRITE (10.7)

FORMAT (10X,’STATIONLIST SUBSET FOR THIS ARRAY:'’

LETX,'NANE . 2X., "LATITUDE’ , 3X,'LONGITUDE’ , 4X.,"ELEV’,

2X,'CONP’, /7

11=0

00 90 J=i. M

I=LIST(Jd)

11=11+1

IFCIT. LY . KLINES) GO TO 89

READ (11,245 JPAUSE

VRITE (10,19

CALL FDELY(13)

WRITE (10,73

11=1t

READ (9,REC=I) TRACE

MRITE (10,6)> SYMCID, I, TRACEC(1), TRACE(C2),ACL,13,R(2,1),

AC3 1),AC4, 1), ELEVCID), ICONCT)

TYPE M,’ STATIOKS’

ACCEPT 'C1S>TYPE 1 TO CONTINUE, O TO RE-EDIT STATIONLIST: ‘,
1Go

IF (1GO.EQ.0) GO TO 61

LR RRRRERESE R AR S S S AR ARSNGB RR RS EEE RSP RSN SR ESFSERETEE RO RERST S

300

SECTION 3A: SET PNYSICAL MODEL PARRAMETERS

VRITE (10,19

CALL FDELY(1S)

MRITE (10.,1)> IMO,EDAY.IYR,JHR,JNIN

VRITE (10,13) EVNUM,EVNAN,ETINEC2 > ETINE(3) . ETINEC(L),
ETINEC4),ETINE(S ), ESEC, EDUR, ISPS

VRITE (10,9) VINDOU,NLEN,(TINECK).K=2,9%)

VRITE (10,23) TLAG,LAGS

ACCEPT ' ENTER VALUE OF “OT/DDEL" OF INCIDENT VWaVE (SEC/DEG):
DTODEL

ACCEPT ’ ENTER RZIMUTH ANGLE “"THETA® C(IN DEGREES REASURED

CLOCKVISE FROM HORTH): ', THETR

ACCEPT ' EMTER CRUSTARL VELOCITY °*v*

CIN KM/SEC)Y: ', ¥

COMPUTE ANGLE OF IMCEIDENCE (PMI), IN DEGREES
CONSTAHT *=CC" CONVDRTS DTDDEL FROM SEC/DEG TO SEC/KM

PHI=57 . 2958+ASIN(DTODEL*V/CC)

TYPE ' ANGLE OF INCIDENCE (PHI) IS COMPUTED TO BE: ',
PHI, ' DEGREES. '

VASV/SINCPHI/ST . 2938)

TYPE ‘' RPPARREMT VELOCITY IS COMPUTED TO BE: ’.VR,

36
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2971
299
299
3001
3011
302
3031
3041
30851
306
307
308
309
3101
311
312y
313
314!
3151
316
317
319!
319i
320!
2N
322i
32N
324
323}
326
327
328!
320
330!
3311
332
33N
334
338
336
337i
338
339
340!
341
3429
343
344
3435
346
347
3481
34
350!
3311
3821
383
as4:
333
356

X ' KM/SEC’

c
c
c
Cret ettt atterastatatsstas ettt asttttat ettt st tieatttatesctene
c
c SECTION 3B SET UP DIGITAL FILTER
c .
c
308 ACCEPT ‘SELECT FILTER CO=HOME, 1=LOV-CUT, 2x=HIGH-CUT,
X 3=BAHD-PASS) ', IFILY
I0RD=2
ISLOPE=IORDst2
FREGQLCe0.
FREQHC=30.
IF CIFILT.EQ. 0> GO TO 310
If (IFILT.EQ.1) GO TO 307
ACCEPY 'ENTER HIGH-CUT CORMNER FREQUEMCY (HZ)» ‘,FREQGHC
FHCoFREQHC#EDELT»2.
TYPE ‘HIGH-CUT FILTER: ‘,FREQHC.,' HZ., ’',ISLOPE,’ DB/OCTAVE’
IF (IFILT.EQ.2) GO TO 310
307 ACCEPT 'ENTER LOU-CUT CORNER FREQUEMCY (HZ): ‘,FREQLC
FLC=FREQLC*EDELT»2.
TYPE ‘LOV-CUT FILTER: ’,FREQGLC,’ HZ., ’',ISLOPE,’ DB/OCTAVE’
310 COMTINUE
c
[4
COPERL AP ELRRERETERERRIREEEEIIRRNEEIR RSO RRASISERRILEESRRERERRS RS
c
< SECTION 4: ESTABLISH RELATIVE TRACE DELAYS
c
c
c ---SECTION ¢.11 COMPUTE THEORETICAL RELATIVE DELAYS USIKG
¢ CRUSTAL MODEL OF SECTION 3.
c

400 ACCEPT * EMTER *1® FOR STATION ELEVATION CORRECTIOMS.
X “0® TO ONMIT: ', JLEV

ACCEPT ' ENTER ORDER OF POLYMOMIAL FIT (2.3.,4 OR 3): ‘,NFIT
ACCEPT ' EMTER VWIDTH OF FIT SEGMENT C(UP TO 1.0 SEC): ', TFIT
NUIDE=TFIT#ISPS/2.
TYPE ' KUIDE = ’,NVIDE

401 CALL RANGECN, R, THETAR, JREF,RANG, DELT)
CALL DELAY(RANG,ELEYV.DELY.N,JREF, ILEV,V,PHI)

-=-=-SECTION 4.2: FILTER TRACES AND COMPUTE OBSERVED RELATIVE
DELAYS USING CROSS-CORRELLATION METHOD.

FETCH AND FILTER THE REFERENCE TRACE

AND STORE IN BUF2

CALL FGDAY(INMO,IDAY,IYR)

CALL FGTIMECJHR, JMIN, JSEC)

READ(9.REC=JREF) TRACE

IPASSeTRACE(3)

ICHAN=TRACE(4¢)

CALL FETCHCIEVENT., IPASS.ICHAN, TIMEL1 ,BUFLEN,BUF2, IER)

IF CIER.NE.O)> GO TO 901

IF CIFILT.EQ.0)> GO TO 408

IF (IFILT.EQ.1)> GO TO 403

CALL LOPASCIORD.,FHC,BUF2.BUFLEN,BUF2)
403 IF CIFILT.EQ.2)> GO TO 403

OO O0

37



387
3581
389!
360
3611
362
3631
364
363
366
3671
368
36919
3703
3711
3?2
3?3
3?74
378
376
3774

37ev

3?9
3801
301
382:
3831
384
3681
366
387
360!
309
390!
3ot
3921
393
3943
398
396
3971
399!
3991
400
40113
4021
403
404!
4081
4061
4071
408i
409
4101
4113
4121
413
414
41351
4161

OOOOOOHOOOOON

[ W N o)

4083

951

413
420

460

CALL HIPASCIORD.FLC,BUF2,BUFLEN.BUF2)

FETCH AMD FILTER EACH TRACE AND CORRELLATE VITH REFERENCE TRACE
USE BUF1 TO STORE TRACE

AFTER FETCHING EACH TRACE, WRITE THE DATA TO0 DISK FILE
‘OPO:PLOTAR’ USIHG SUBROUTINE WRBLK

AFTER FILTERING ERCH TRACE, WRITE THE FILTERED

DATA TO DISK FILE ‘DPO:PLOTB’ USIHG SUBROUTINE WRBLK

UNFILTERED DATA TO ‘DPO:PLOTA’
FILTERED DATA TO '‘DPO:PLOTB’
CORRELLOGRANM TO '0POI1COR’

NBLK=(BUFLEN/236)+1
HCBLK=((2¢LAGS+1)/128)+1

OPEN 7, "DPO:PLOTA"

OPEN 8, "DPO:PLOTE"

OPEN 3, "DPO:LABEL",LEN=66

OPEN 6. "DPO:COR"

REVIND 3

IRBLK=99

IVEIGHT=0

DO 4S50 J=f. M

I=LIST(d)

READ (9.REC=I)> TRARCE

IPASS=TRACE(I)

ICHAN=TRACE(4)

CALL FETCHCIEVENT, IPASS,ICHAN, TIREL,BUFLEN.BUFI, IER)
IF CIER.NE.O)> GO TO 901
I1SBLK=HBLK=(J-1)

IF (I .EQ.JREF) IRBLX=ISBLK

CALL VURBLK(?7,1SBLK.BUF1,.NBLK.IBLK,IERB)
IF (IERB.ME.1) GO TO 903

FORMAT (2A2,15,2F6.2,13.,12,612,13,219,2F6.2,13)
IF CIFILT.EQ.0) GO TO 420

IF CIFILT.EQ.1> GO TO 413

CALL LOPAS (IORD.FHC.BUF1.,BUFLEN,BUF1)
IF CIFILT.EQ.2> GO TO 420

CaLL HIPASCIORD,FLC,BUF1,BUFLEN,BUF1)
CALL VRBLK(SH,ISBLK,BUF1.KBLK.IBLK.IERB?
IFCIERB.NE.1)> GO T0 903

CALL CORR(BUF1,BUF2,COR,LAGS.BUFLEN)
KSBLK=NCBLK®C(Jd~-1)

CALL URBLK(6,KSBLK.COR, HCBLK.IBLK,I1ERB)
IF CIERB.ME.1) GO 7O 903

SEARCH FOR THE LAG CORRESPONDING YO GREATEST CORRELLATION
FIRST FIND MAX POS YALUE C(LMAX,CMAX) OF CORRELLATION FCH.
CHAK=0.

LMAX=0

DO 460 JJ=1,25LRGCS+1

IFCCORCIJIDI.GT .CHAX)> CHMAX=CORCIJ?

IFCCORCJIJI>.GE .CHAX)> LNAK=JJ

COEFF(I)=CHAK

MOV BEST-FIT POLYNOMIAL AROUND THIS PEARK...

Hi=LNAX-NVIDE

HDAT=NUIDE®2+1t

IFCCLEAX-NVIDE>.LT. 1) GO TO 464
IFCCLMAX+HVIDE+1)>.GT . (22LAGS+E)) GO TO 466

GO TO 468

38



39

412 464 Ni=i

419 NDAT=LMAX+NUIDE+]

419 GO TO 469

4201 466 KisLMAX~-NVIDE

4211 NDAT=2¢LAGS-N1+2

4221 468 CALL POLYFIT(NL,NDAT, INEIGHT,NFIT)

423 [ SEARCH FOR MAXINMUM OF FITTED POLYMOMIAL. ..

424 JHAX=0

42 TESTN=0.

426! 00 433 K=1, NDAT

420 JinKeNi-1t

428 K=uK-1

429! X=%/100.

4301 TEST=B(1)+B(2)sX+B(I )X sX+B(4)sX0sI+B(S)sXssd+B(6)eXn0]
4311 IF (TEST.LE.TESTHN) GO TO 433

432! TESTR=TEST

43I0 JRAX=JJ

4341 455 CONTINUE

43381 [ NOW SUBSTITUTE JMAX FOR LMAX, THUS

436! [ SUBSTITUTING THE BEST-FIT POLYNOMIAL MAXIMUNM FOR THE FUNCTION MAXINUN.
4377 LEAX=JNAX

4381 IBEL=?K

439! MRITE (10> IBEL

440! DELCORCII=s(LMAX-LAGS-1)EDELTY

4411 430 WRITE (3,951) TRACE(C1), TRACE(2),BUFLEN,FREQHC, FREQLC., ISLOPE,
4421 X M, TODAY,ISPS,LAGS ,LXAX , DELCORCI>,COEFF( I, IRBLK

443 CLOSE ?

444 CLOSE 8

4437 CLOSE 3

446 CLOSE 6

44 c

448 [

449 c COEFFCI) = NAXINUN POSITIVE VALUE OF CORRELLATION OF TRACE
4301 c I VITH REFERENCE TRACE

481 c

4321 c LMAX = NUMBER OF LAGS FOR BEST CORRELLATION

43 c

434 C DELCOR(I)> = DELAY IM SECONDS GIVING BEST CORRELLATIONM
433 [ BETVEEM TRACE 1 ARKD REFERENCE TRACE

436 [

4371 c

43501 C -~--SECTION 4.3 CONPUTE RESIDUARLS., APPARRENT VELOCITIES:
4359 [ TABULATE DELAYS AND STATIOXK PRRAMETERS
4601 [4

4611 c

462 CALL SORTC(RAKG,LIST,N)

4631 WRITE (10,10}

464! 10 FORMAT(//77X,'STH’, 27X, ELEY’ ., 9X,'DELTA’,3X, 'RANGE’ , 3X,
463 X 'PREDICTED'.,4X, ‘OBSERVED’ ,3X,’RELATIVE’,6X, ‘CORR’/7X, 'NANE "',
4661 X 2X,’LATITUDE’ ,3X,’LONGITUDE’ ,4X,'(M)>’,3X,’CONP’,3X,’(KN)’, 6 4X,
4671 X ‘(KNM)’,4X,’REL DELAY'.4X,’REL DELAY'.2X, 'RESIDUARL’, 86X,
4681 X 'COEFF’/)

469 11=0

470 SUnt = 0.

4711 sUN2 = 0.

4221 S§UN3 = 0.

4738 SUn4e = 0,

474 syM = 0,

473 SUMRR = 0.

4761 NLINES = 33



47?71
478
4791
480!
481
4821
483!
484
403
466!
487
488)
40691
490
491
4921
493
494
493
496!
4971
498
499}
$00:
S011?
302!
$03!
S04t
S0
$06!
sSo?)
S08:!
$09
$101
Sits
S$i121
Si3
S141
S18:
$163
S171
$16:
$19!
820!
s211
$22!¢
sa23
S24!
$23:
$26!
§271
826
$29
$30!
$31)
3321
$33:
534!
$38i
$36!

DO 462 J=t. N
1=l IST(J)
READ (9,REC=I) TRACE
IIsll+l
IF CIT.LT.MLINESY GO TO 461
READ C11,24) JPAUSE
WRITE (10.19)
CALL FDELY(1S5)
WRITE (10,10)
I1=g
NLINES=S0
461 RESCI>=DELCORCI Y-DELY(I)
SUNMRR=SUMRR+RESC(I)
SUR=SUN+RESCI )®RES(I
SUMA=SUME+RANGS I )*RANGC )
SUM3I=SUN3+DELCOR(I)
SUM2=SUM2+RANG( I
SUN1I=SUML+RANGC I )*DELCOR(?
462 URITEC10,18)> SYNCI), I, TRACEC1Y, TRACEC2),ACY.1),
X AC2,13.,AC3,1>,RC4, 1>, ELEYCI), ICONCTI ), DELTCL ), RANGCI >, DELY(I),
X DELCORCI),RESCI), COEFF(ID
1t FORMAT (lx:az:‘x:‘20‘!!2“202“0"3.0:"' FS.2,.2X,F4.0,'~",
X FS.2,IX,FS.0.4%X,R1,3IX.F5.1,2X.F€.1,.5X,.F6.2,.6X,F6.2,5X.F6.2,
X SX.F?7.3>
VAPP=((HaSUN4 )-SUN2«SUN2)/(NeSUNL-SUNIsSUNZ)
DTDDAP=CC/VAPP
RMS=SQRT(SUN/N)
RREEAN=SUNRR/N
VRITEC10,25) VAPP,DTDDAP, RMNS,RRHEAN
23 FORMAY (/' APPARREMT VELOCITY (BEST-FIT-PLANE-VAVE) =’,
X F?7.2,' XKW/SEC = ’,F6.2,' SEC/DEG'.4X,’'RMS RESIDUAL =',
X F35.2,' MEAN RESIDUAL =’ ,F5.2)
IF (KB.LT.1> GO TO 470
WRITE (10,99) KP.CIDELCK).K=1,KB}
99 FORMAT (12,’ VERTICAL STNS MOT USED: ’,C3013/)»
470 CONTINUE

G0 TOo 700
c
L Y R R R T Y P TR P P T YLy I
c
c
c SECTION S STACK
c
Cees DELETED FROM THIS LINE WAS THE STATEMENT:
c CALL STACK(IEVEWT.TIME, TRACE,LIST.DELY,BUF1 ,BUF3 . N. N}
c AMD THIS STATENMENT WAS NUMBERED S00. ALSO, REMEMBER
c TO RESTORE BUF3(2048)> IN THE DIMENSION STARTEMENT.
500 COMTINUE
GO To 700
c
c
COSIBEREOEEOEERIRSIRRIUIRIEISRNSREIPAEIE SN ENRRSEOENNIREEERES
c
¢ SECTION 6» OISPLAY TRACES ONW 4014

600 CALL FSUAP("JPLOT.SV")
URITE (10,19)
CALL FDELY(1S)
Go 1o 701

601 CALL FSVAP(*IPLOT.SV®)
VRITE (10,19

40



$371
$30
$399
340
Se1
542!
543
S44)
45
S46!
$47
S48
S497
3307
ss11
$821
3532
S54!
S35
8386
587
389!
$89:
560
Sé1!
Sé2!
S631
S64:
563

AOOOONN

700
701

c

41

CALL FDELY(1S)
GO0 TO 701t

CEERERELRERRESE LA LBERR AP ESE S BE RSN SS B ERE B R ES RS RRBBE R esRs R

SECTION 7' RE-CYCLE

CONTINUE

READ (11,24) JPAUSE

VRITE <(10,19)

CALL FDELY(13)

CALL CYCLE($53,$300.,88S5,8100.,$202.,4%00.%600,4500,4601)

COICEEBELE2C2¢0SCCRESEREESIE RSP RERPIRN B EEBERGRSSEARKEEREESNES P S EE

c
c
c
203

202

901
900

SECTION % EXIT

TYPE ’ IERE = /,JERB.’IBLK = ’,IBLK
G0 T0 900

TYPE 'MASTERLIST READ ERROR’

GO TO 900

TYPE 'FETCH: JER =’,IER

CALL RESET

sToP

Cereeetesnt et s oottt ststtas ¢ttt et Nt et s st tettit ettt ttstessdtss

END



ECLIPSE FORTRAN S, VERSION 4.01 -- VEDNESDAY, APRIL 13,
MLPHT . FR

1: SUBROUTINE MLPNTCIEVINT,IPOYNT,ILIN?
H INTEGER EVENT,.PASS,.CHANNL

3 DIMENSION IPOYNT(3,32> ILINCI,2), IREK(1€0)

4: COMMON /EVPAZ/ EVENT,PASS, CHANNL

LR COMMON /EDIRC/ IDUNC4 X, IREK

6: DPATA MAXPASS/3/,IED/L/

7 RERDC IED. . REC=IEVINT+1» IREK
: EVENT=[REK( 1)

91 ILINCL,1)=[REKC42)>

10: ILINCE,2)=IREK{43)

111 ILINC2,1)=IREK(8B3)

12: ILINC2,2)=IREK{B4)

13: ILINC3., 1)=IREK( 124

14: fLINC3,2)=IREK(125}

13: DO SO0 M=i,32

16: IPOYHT(1,m)alREK(43+ 1)

17: IPOYNT(2,M)aIREK(E84+M}

18: IPOYNT(3 , M)=IREK(125+M)

19: S0 CONTINUE

20! RETURN

211 END

1977

2:25:24 PN
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43

ECLIPSE FORTRAN S, VERSION 4.01 -- VEDNESDAY: JUNE 29, 1977 9:35:15 AN
RANGE .FR
11 SUBROUTINE RAMNGE(N,A, THETA,JR,RANG.DELTY
: c
3: c N = CINPUT) NUMBER OF STNS, INCLUDING REFERENCE STN
4 ¢ R = (INPUT)> ARRAY OF LATITUDES AND LGNGITUDES OF STNS
S: c THETA = (INPUT) AZIMUTH ANGLE OF RPPROARCHING TELESEISH IN
6 [ DEGREES
7 c JR = (INPUTXINDEX IDENTIFYING REFERENCE STH 4
|- B} C RANG = (OUTPUT)RRRAY OF RANGES., IN KK., OF STNS MITH RESPECT
9 C TO REFERENCE STHN
10: c DELT = (QUTPUT)ARRAY OF DISTANCES (IN KM BETWEEN STATIONS
11 C AND REFERENCE STN
12: C
13: DIMENSION AC4.96 ), RANG(I€).DELT(96)
14: R&4D=0 . 017453
15: 00 100 I=fi,N
16 IFCI.EQ.JR) GO TO 90
171 CHLL DELTACACL,JRI/RCZ,IRIACIL IR AC4, 4RI AR(1,1),
18 RC2,1),4¢(3,1>,RC4,1),DEL, R2)
19: DELT(I> = DEL
20: RANG(I 3=a-DELT(I )«COS((THETA-AZ )*RAD >
21 GO T0 100
221 °0 PELT(I =0,
23: RANGC I =D
24! 100 CONTINUE
23! RETURK
26: END



ECLIPSE FORTRAM 3, VERSION 4.01 ~-- TUESDRY, AUGUST 16, 1977 10:38:43 an
DELTR.FR

13 SUBROUTINE DELTAR (LATRD.LATRM, LONRD, LONRM,LATD,.LATN,

2! X LOND,LONN.DELT,R2Z)

3: c

4 c LATRD = LATITUDE., REFERENCE STKM., DEGREES

S c LATRM = LATITUDE, REFERENCE STH, MINUTES

[ 3] c LONRD = LONGITUDE. REFERENCE STX, DEGREES

7t c LONRM = LONGITUDE, REFEREMCE STN, MINUTES

8 c LATD = LATITUDE, OTHER STARTION, DEGREES

9 o LATM = LATITUDE, OTHER STATION, MINUTES R

10 o LOND = LONGITUDE, OTHER STRTION., DEGREES

i c LONM = LOMGITUDE, OTHER STATIONM, MIMUTES

12 4

131 c THIS SUBROUTINE COMPUTES THE DISTAWCE IM KILOMETERS BETUEEM

141 c THE 'REFERENCE STATION’ AND THE ’'OTHER STATION‘, USING

15: [ RICHTERS METHOD. THE DISTARNCE IS RETURNED IN VARIABLE

16: c DELY. AZIMUTH CIN DEGREES) BETWEEN THE LINE CONNECTING

17 [ THE STATIONS AND NORTH IS RETURNED IN VARRIABLE RZ.

18: c

19: DOUBLE PRECISION DX.DY,.LAT,.LON,LATR,LONR,RAD.,

20t X CA(713.CB(71)

21 REAL LATRD LATRM,LONRD, LONRN.LATD,LATN . LOND LONN

221 INCLUDE ’PS$DATA’

23 DATA Ca/ 1.8355365.1.855369,1.0855374,1.855383,1.0855396,1.0855414,
24 1 1.835434,1.85%5458,1.855487,1.855520,1.833555,1.835395.,1.855639,
23: 2 1.85%683,1.833733,1.855706,1.9855842,1.855902,1.0855%6¢6.1.8356031,
26! 3 1.856100,1.856173,1.856248,1.856323,1.856404.,1.056488,1.836573,
27: 4 1.856661,1.856750,1.836843,1.836937,1.857033,1.857132.,1.8357231,
201 S 1.857331.,1.837435,1.857538.,1.857643,1.8577350,1.8357858,1.837%64.
29 6 1.858074.,1.858184,1.08508294,1.838403,1.858512,1.8508623,1.838734,
30: 7 1.8508842,1.858951,1.839061.1.8%59170.,1.839%9276.,1.859384,1.85%9488,
31 8 1.899592,1.85%2695,1.859798.,1.859896,1.859995,1.860094.1.860187,
32: 9 1.860279,1.860369,1.08604359.,1.8603544,1.860627.,1.860709.,1.860787.
33: R 1.860861,1.860934/

341 DATA CBr 1.8420808.1.842813,1.842830,1.042858,1 .842898.,1.9842950,
33: 1 1.843011,1.9843085.,1.043170.1.843263,1.843372.,1.843488.,1.0843617,
36 2 1.843755,1.843903,1.844062.1.844230,1.844408,1.844595,1.844792,
37 3 1.844998,1.0843213,1.8435437,1.0843668,1.845907.,1.846133,1.846408,
381 4 1.846670,1.846938.1.847213.,1.847495.,1.847781,1 .848073,1.848372,
3%: 5 1.848673,1.048990,1 .84%290.,1.849603.,1.849922.,1.850242,1.835095685,
401 6 1.85089%90.,1.851217,1.851543,1.851873,1.6%2202,1.852531,1.852860,
411 7 1.8531868,1.0853515,1.853842.,1.0854165,1.854487,1.8548095,1.0835122,
42<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>