Sbor,

1} geol. vid geofyz., 24 5169 figs. | tabs. | pl ISSN 0036-5319

UZita Pages 7 5 - Praha 1990

Interactive program for kinematic problems
in laterally heterogeneous media

Program pro interaktivni feSeni kinematickych dloh
v laterdlné nehomogennich prostiedich

Petr Firbas!—Marta Skorkovskat!
Received September 14, 1988

Computer program
Refraction methods
Velocity models

Interactive progrom

Firbas, P.—Skorkovska, M. (1990): Interactive program for kinematic problems
in laterally heterogeneous media. — Sbor. geol. V&d, uZitd Geofyz., 24, 5i—69,
Praba.

Absiract: An interactive program system for modelling velocity distribution ot
seismic waves in 2-D laterally heterogeneous stratified media with curved interface
is described. The inverse kinematic problem can be solved by means of the method
of successive approximations. Applied to ray equations, the method assumes piecewise
linear approximation of the medium. The program system enables fast computation
of rays or fans of rays, interruption of the computation in real time, and interactive
change of all parameters of the velocity model within one passage of the program. All
these features make an efficient shell for the inverse problem solution. The program
system was written in BASIC for the desk-top computer Hewlett—Packard HP 9345
for full use of HP graphics software and graphics peripheral devices. An example is
given of computaticn for a 2-D laterally heterogeneous stratified model. It is a test
model suggested by W. D. Mooney for the Symposium of the Commission on Controlled
Source Seismology at Einsiedeln, Switzerland, 1983. The program system was also
tested on real data, but these results will be published in a following paper.
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Introduction

During the last fifteen years the inereasing volumes of data forced the develop-
ment of interpretational methods which would enable construction of sufficiently
accurate mathematical models for areas with complicated structure, which in
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Fecent years have. been in the focus of seismic investigations. The assumption of
2 laterally homogeneous stratified medium cannot elucidate the numerous
characteristic features of the measured data, or may lead to erroneous conclusions.
All the investigated real media are laterally heterogeneous and therefore methods
have been developed for finding the distribution of real velocities in the depth
section for laterally heterogeneous media, i.e. for solving both the direct and
inverse problem. '

One way of constructing a velocity model of laterally heterogeneous medium
is the “trial and error”™ method. It is a method of successive approximations for
solving the inverse kinematic problem. For this purpose interactive modelling
seems to be optimum. Therefore the desk-top computer HP 9845 was chosen for
computations. It makes it possible to use the HP graphics software and it is
equipped with appropriate graphics peripherals (graphics screen, matrix printer,
four-colour plotter A3).

Solution of the inverse problem using desk-top computer

The aim was to develop a fully interactive program system for fast construction
of an accurate velocity model, using refraction data or combined refraction and
reflection data by the “trial and error” method. ,

Two approaches to calculation of rays have been successively applied. First
an approach solving seismic ray equations for laterally heterogeneous media
(Cerveny—Molotkov—Pgendik 1977) by the 4th order Runge — Kutta method
was used. The developed program was based on programs of the Mathematical-
Physical Faculty of Charles University (Cerveny—P8en&ik 1981) written in
FORTRAN, where the velocity model and interfaces are given by a relatively dense
grid of points. The interactive program was written for media without interfaces
only as its expansion for media with interfaces became cumbersome and demanding
for the computer memory.

The other approach of calculating seismic waves assumes piecewise linear
approximation of the velocity distribution in the medium. Then the solution of ray
equations is analytical and results are given by explicit expressions. This approach
is based on the method (Aric—Gutdeutsch—Sailer 1980) which was further
developed (Firbas—Skorkovska 1984). On its basis a fully interactive program
system for the desk-top computer HP 9845 was written in BASIC, assuming fuli
use of graphics HP software and graphics peripherals. The system was tested.
Despite the limitations of the computer’s internal memory capacity (64 Kb) it was
feasible through extensive program segmentation to implement all changes of the
velocity model in the main segment of program RAY. The program segmentation
was done in such a way that every task of the program was coded in one segment
only so the program speed in interactive mode was not lowered.
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Description of the model

From the top the medium is bounded by a curved relief, from the bottom by
a curved interface, and from the sides by two vertical boundaries. The model can
consist of up to ten layers separated by curved interfaces. Each interface must
intersect the whole area delimited by vertical boundaries. The interfaces must not
mutually intersect, but may touch, or overlap. The model can therefore contain
layers of zero thickness. The interfaces and layers are numbered downwards.

The whole studied area must be covered with vertical grid lines and the whole
first layer with horizontal grid lines as well. The first vertical line coincides with the
left boundary of the model, the last with the right boundary. The program works
with a maximum of 19 vertical and 20 horizontal grid lines. Distances between all
lines can be non-equidistant.

The velocity model enables a more detailed description of the first layer. The
velocity distribution of the first layer is given by velocities at the grid points of
non-equidistant rectangular grid formed by horizontal and vertical grid lines. The
depths of the interfaces and the heights of the relief are given on all vertical lines.
The velocity distribution of any deeper-seated layer is given by velocities below
its upper and above its lower interface on all vertical lines. The program internally
divides the medium into triangles where the analytical formulae for ray and travel-
time are applied.

Description of waves

Program RAY can be used for computation of ray diagrams and times of arrivals
of rays to the surface for multiple-reflected and reflected P and S waves, and for
transformed waves. The refracted ray is a ray which refracts upon incidence on all
interfaces. This type of rays can be computed automatically without additional
information. If the refracted ray hits the interface under an over-critical angle,
then its computation is prematurely terminated.

The behaviour of a multiple-reflected ray is given by a code. The code contains
information about the layers throngh which the ray successively passes. It therefore
implies on which interfaces the ray is reflected or refracted. The code is formed by
a sequence of integer numbers corresponding to numbers of layers through which
the ray passes. The part of the ray between two subsequent points of reflection or
refraction is called “ray element”. If the end points of the ray elements lie on
different interfaces, the element is called “simple ray element™ and one number
(the number of the layer in which the ray element lies) in the code corresponds
to it. If the end points of the ray element lie on the same interface, two equal
numbers in the code (numbers of the layer in which the element lies) correspond
to it and such an element is called “compound element”. The compound element
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is therefore given as two single ray elements corresponding to a ray reflected in the
given layer. The code definition is very close to that used in SEIS81 (Cerveny—
PSendik 1981), but its use is expanded by the possibilities outlined later in this

paper.

Short description of the program system

The program system consists of three segmented program units:
1. Program for constructing the input and for input of experimental traveltime
Curves,
2. Program for interactive computation of rays and for velocity model changes.
3. Program for selection and plotting of ray diagrams and corresponding experi-
mental traveltime curves along with computed traveltimes.
The generalized scheme of the program system is outlined in fig. 1.

Program MODEL

The program MODEL is used for construction and testing of input velocity
model and for input of experimental traveltime curves. The program is segmented
and consists of the main program and 14 subroutines.

Input data are arranged as follows:

§. Each profile that is to be processed by the program RAY is named by four
alphanumeric characters and name is recorded in the catalogue of profiles.
The catalogue of profiles provides complete information about the profiles
which can be furiher processed.

2. For each profile a set of files is used:

a) catalogue of model files,

b} catalogue of files of experimental traveltime curves,

¢) catalogue of rays,

d) ray file.

The catalogue of model files provides complete information about files with the
velocity models which are available for processing by the program RAY. Each
velocity model is stored in one file and its name is written in the catalogue of model
files. There may be a maximum of nine files with velocity models for each profile.

The catalogue of files of experimental traveltime curves contains complete
information about files of experimental traveltime curves, including the number
of traveltime curves. The maximum number of such data files for each profile
is mine.

The program MODEL is used for creating a file with a velocity model. Another
function of the program is to modify such an existing file. If 2 new profile is input,
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Table 1

Table of program branching as
displayed at the point of change
of vertical grid lines




its name is recorded in the catalogue of profiles. Subsequently, catalogues of
models, traveltime curves, and rays are created.

The program enables interactive changes of all input values at the input stage
of both the model and traveltimes. All data is tested at the input whether it is
1n reasonable limits,

Program RAY

The program RAY is the core of the program sysiem. The program is segmented,
consists of the main routine and 32 subroutines which form nine segments. The
program can be used by an interpreter little acquainted with computers as in case
of error the operator is instructed how to proceed.

The computation consists of six basic steps:

1. Input of the model and experimental traveltimes.

2. Changes of the model (if required).

3. Input of plotting parameters, selection and plotting of experimental traveliime
curves.

4. Input of ray parameters.

5. Computation of rays with raypath plotting (interruption in real time possible).

6. Recording of the modified model on magnetic tape.

A simplified flow-diagram is in fig. 2. The computation starts with choice of
a profile and of the appropriate velocity model. The choice is very simple as the
table of existing velocity models available for the chosen profile is shown on the
display.
As soon as the velocity model is stored in the internal memory, the model can
be changed in three steps:
1. Changes of grid lines.
2. Changes of velocities in the first layer.
3. Changes of interfaces including changes of corresponding velocities under and
over them.

The program enables to delete, add or shift any borizontal or vertical grid line
and simultaneously tests on allowed input values. For instance, if a change of
vertical grid line is required, the program prints a table of allowed actions
(tab. 1).

If a grid line is to be shifted, the whole picture of the model is plotted (fig. 3)
and the interpreter places the cursor near the line which is to be shifted. The
program answers with the sequence number and the current coordinate of the
grid line and expects the cursor input of a new grid line coordinate. The digitized
new value is printed. If it is 2 non-acceptable value, it is automatically substituted
with the nearest acceptable value. This coordinate can be changed from the key-
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3. Model WDM (grid lines and interfaces) as shown on the display at the point of vertical grid
lines changes, see table 1. Graphics cirsor (not shown) serves for a vertical grid line
selection and subsequently for digitization of its new coordinate

board, or the started shift of the grid line can be interrupted and the program
control returned to the beginning of the program branch (changes of vertical grid
lines). If the new grid line coordinate is accepted, the velocities in the first layer
are automatically interpolated for this new grid line. The z-coordinates of all lower
interfaces and velocities below and above them are also automatically interpolated.
In this way the changes of horizontal and vertical grid lines can proceed.

In next step the velocities in the first layer can be changed. The program can
display the first layer velocity model for up to ten vertical grid lines simultaneously.
An example of graphics output for changing the first layer velocities is in table 2.
The cursor is placed in the reciangle in which the velocity to be changed is located.
The coordinates of the corresponding grid point are digitized, the original velocity
value in the rectangle is erased and the value is offered for change together with
information about the grid point coordinates. The new input value is plotted
in the place of the old one. After the changes in the displayed part of the first




layer of the velocity model are completed, another part of the velocity grid can be
plotted and changes may proceed. '

Individual interfaces can also be changed interactively. The allowed branching
of the program at the changes of interfaces is shown in table 3.

Table 2

Example of a velocity grid section for the first layer (model TEST) displayed
at the point of velocity changes. Graphics cursor for X, ¥ point picking
is not shown

1 2 3 9 S 8 ? 8 8 12
o.eay 3.98| 4.12) 4.635| 3.8} 2.00| 3.20] 3.65| 3.65| 3.72] 2.90 1
1.28) 4.70] 4.28| 4.65] 4.59| 4.48| 4.33|) 4.30| 4.20| 4.32| «.2¢ a¢
2.89) 5.38 | 5.40 | S.4@ | 5.12} 5.02 | 5.82 ) 4.45| 4.480) 4,92} s5.00 3
.60 S.8% ) 3.85] S.7e| S.40} S.20| 5.28} 4.72] 4.70} 5.42] s5.55 4
9.€6891 6.2 )| B.OW| 6.18| 5.85} 5.50 ] 5.48| 4.85] «4.00| sS.53| S.75 S
S.e2| 8.15] 6.18| 6,15 | 6.85) 5.80| 5.865| 5.82| 5.68) 5.84| 5.85 6
6.€3) 6,20 6.20| 68.29 | 6.98} 6.82| 5.80| 5.40| 5.40] S.78| 5.92 ?
o 7.69) 6.25! B.25| 6.35)| 6.32] £.28| 5.8 S5.85|) 5.65| S5.96 | 6.4 :13
§ a.88| 6,39 | 6.238| 6.42| 6.49| 68.280 | 6.23| S.75| 5.72| B.10! 6.18 3
“ 9.88) 6.95| 6.35 | 6.43] G.42| 8.93 ] 6.15 5.88) s.oe8}| 6.15| 6.30| 10
E 19.88| 6.45| 6.38 | 6.43 ] 6.42| 8.42] 6.3@| 6.18) R.18| 8.22| 6.42| 11
&I i2.08) 6.4} 68.48|.68.42| B.42| 6.49) 6.95| B.38] 6.25| €.35| s6.46| 12
D 14.728) 6.38| 6.38) 68.39 | B.40 | 8.55] 6.48| 6.42| 6.20 6.42 | 65.49] 13
16.29) 6.28 )| 6.39 | 6.39| 6.3@) 6.65| 6.55| 6.55| 6.58] &.55| 6.55} 14
18.89) 6,35} B.35¢ B.35| .35} 6.85| 6.50| s.668| s.68] G6.62| 8.60] 15
28.67 | 8.45 | 6.45] B.45| €8.43] B.65} B.65) 6.65| 6.85( 3.65] 6.565)] 16
24.59) 6.5} B.65|] 6.85| 6.85| 6.78] €.76] 6.28] 6.76| 8.790| 6.78] 17
25.82| 2.@4] 2.4 2.04 | 2.04| 2.9 | P.2a| ?.84 | 7.2a| P.06| 2.24{ 18
28.89| P.2t ) ?.21) 2,21 ?23b e.evg 2.2y 221 7.21) v.21| 7.22f 19
40.89 | 7.6 | 7.68 ) P.ER, 7.66; 7.60| ?.80| 7.68{ 7.89} 72.c0| 7.60 | 28
2.8 58.2 28.0 130.9 2¢3.6 25A.0 362.0 3I3B.8 489.8 456.0
X~COCRDINATE EXM1 .
MODEL  TEST
YELQCITY DISTRIBUTICN
LOCATE CURSOR, PRESS CONT TQ EXIT THIS BLOCK LOCATE CURSOR HOME

SELECT FUNCTION:

1 OR CONT THE PICTURE Of THE MOREL Table 3

2 SHIFT AN INTERFACE RND VELOCITY, CHANGE

3 HELETE AN INTERFACE Table of program branching as.

L) INSERT RN INTERFACE displayed at the point of interface
5 ENB OF CHRNGES changes :
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4, The picture shown on the display when the sixth interface is shifted. For convenience the
velocities above and below the shifted interface are shown as well. Graphics cursor (not
shown) serves for selection of the shifted grid point and for digitization of its new coordinate

. Xf, for instance, a shift of the sixth interface is required, only the part of the
model is displayed corresponding to the first and to the second layer. The velocity
values are plotted along the interface to be changed. An example of graphics
output for the shift of the sixth interface is in fig. 4. The choice of 2 new z-coordinate
and of a vertical grid line where the interface is to be changed is performed
simultaneously. The selected z-coordinate of the cursor represents the new
s-coordinate of the interface. The cursor must be in close vicinity of the grid line
for which the shape of the interface is to be changed. The old and the new coordinate
are shown together with the coordinate of the vertical grid line and the operator
is given the opportunity to accept it, or to modify it from the keyboard. After the
new interface coordinate is accepted, the changed part of the interface and the
corresponding velocities are erased from the picture. The corresponding velocities
above and below the interface can be changed from the keyboard. In this way
the whole interface or its part can readily be shifted.

;g

60




4

Before changing the picture in the display, if it is required, a hard copy of the
picture can be done. Thus information about all successive changes of the model
can be preserved.

Next step is input of ray diagram parameters. All parameters have default
values which can be changed according to the user’s requirements. The output
device is 2 four-colour plotter HP 9872A or graphics display. The program makes
it possible to choose either a ray diagram plot only or to produce a composed
graphics output, i.e. plot the ray diagram along with experimental traveltime curves
and computed times of ray arrivals. The latter alternative seems to be more suitable
as it makes it possible to simultaneously follow the computation of rays and
directly compare the experimental traveltimes with the computed times of ray
arrivals.

The traveltime curves for ploiting in the composed graphics output can be
interactively chosen from all available files with experimental traveltime curves
corresponding to the chosen profile. The traveltime curves from a file can easily
be chosen from the displayed list of traveltime curves. Immediately after the choice
is completed, the chosen traveltime curves are plotied. Examples of composed
graphics outputs are in figs. 6 and 7.

The next program step is the input of source coordinates and choice of the type
of rays which will be computed. According to the behaviour of the rays at the
interface the following types of rays can be selected:

a) refracted rays,

b) single reflected rays,

c) multiple reflected rays,

d) rays interactively controlled in the course of computation.

The difference between a single reflected and a multiple reflected ray is useful
for the user’s convenience. Rays of both types are internally code controlled but
the code of the ray single reflected from an interface is automatically computer
generated after the sequence number of the reflecting interface is input.

The interactive control of the ray in the course of computation means that after
each incidence of the ray on an interface the interpreter can decide whether the
ray will refract or reflect.

If 2 multiple reflected ray is required, the code of the ray must be given from the
keyboard, but the computer assists at this task. After an inquiry whether it is an
upward- or downward-pointing ray, the end poini of the first ray element is
automatically set. The display shows information about the interface which the
ray should hit and another element of the ray can be chosen. At any stage of the
code input it is possible to cancel the code input and return to 2 new source selec-
tion, a new type of ray, or to restart the code selection.

If the initial point of the ray element lies on an internal interface, choice can be
made between a simple and a compound ray element (up- or down-oriented from
the interface). For every ray element input the table of allowed functions is repeated-
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Iy shown on the display. The input of the code is successfully completed if the last
ray element hits the surface of the mode! and no back reflection is requested.

As the last step the inquiry follows whether the rays to be computed should be
-stored on magnetic tape for later processing by the PLOT progranmi or not.

At this point the first program pass is ended. Now, at the main branching point
HELP the program is waiting for the interpreter’s command. The possible program
branching is displayed, see table 4. Either individual rays or fans of rays can be
computed. In the latter case the number of rays in the fan, the initial angle at the
source, the step of this angle and the step reduction factor must be given. In the
course of computation of a ray or a fan or rays the passage of the ray through the
medium in real time can be followed. The computation can be interrupted by
a function key, the computed ray deleted, erased from the screen and the program
control returned to the branching point HELP. If a composed graphics output
has been chosen, the arrival time of the successful ray can be immediately plotted.

Table 4
Table of program branching at the point HELP, see fig. 2

NEW RAY DIRGRAM PLOT

1
2 ABDITIONAL ¥TC PLOY
3 CHANGES OF GRID-LINES IN THE FIRST LAYER
4 CHANGES OF THE VELOCITY DISTRIBUTION IN THE FIRST LAYER
5 CHANGES OF INTERFACES IN THE MODEL
6 NEW SHOT POINT
7 RAY COMPUTATION CONTROL
8 STORING-OF RAYS ON THE TAPE - ENABLE-DBISABLE
9 OR CONT RAY COMPUTATION
18 SAVE THE MODEL ON THE TRPE
11 END OF COMPUTRTION (HARD COPY, SAVE THE MODEL ON THE TAPE)
Table 5
Example of a printer output for rays reflected at the seventh
interface in the WDM model
X SOURCE = 58.868(KM3 RAY CONTROLLED BY CO3%
7 SOURCE = @,808[KM) RAY ORTENTED DOWNWARDS
CODE | 2345665422
RAY TABLE
RAY NG X END Z END TEND PHI INIT  ERROR INJICATION
12 2.869 @.900 14,608 -25.6a09
13 23,349 0.008 13.373  -15.@029
14 41.812 8.2 12.825  -5.2¢00
15 57.798 0.268 12,791 5.0d20
16 75.235 .020 13.268  |5.@200
17 95.165 .090 14.385  25.2008
18 128.958% 4.8 16.531  35.8028
19 161.29! a.068 20.873  45.9089
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If recording on magnetic tape is required, the computed ray is recorded in the ray
file. One line is printed for each ray, containing the number of the ray, the angle
at the source, the coordinates of the ray end point, the arrival time, and optionally
. the error message. An outputisexemplifiedin table 5. Afterthe computation of 2 ray
or a fan of rays has been completed, the program returns to the branching point
HELP.

Before the end of the computation it is checked whether the model has been
changed. In such a case the new model can be stored as a new model variant.

Program PLOT

The program PLOT serves for selection and plotting of rays recorded by the
program RAY on magnetic tape.

The rays can be repeatedly selected according to various criteria:

a) name of velocity model,

b) coordinates of the source,

¢) chosen ray code,

d) refracted rays only,

e) sequence numbers of rays in the ray file.

The output graphics device is plotter or graphics display. Either a simple ray
diagram can be plotied or a composed graphics output can be chosen. When the
experimental traveltimes are to be plotted, their selection is the same as in the
program RAY. The picture can be plotied also by parts, which enables plotting
of long profiles or plotting in selected scale.

Model example and tests

The program function is exemplified by computation for the model o
W. D. Mooney (U.S. Geological Survey, Menlo Park) which was prepared for the
Symposium of the Commission on Controlled Source Secismology at Einsiedeln,
Switzerland, 1983. This model named WDM consists of seven layers (fig. 5). It is
laterally inhomogeneous because both the velocity distribution and shapes of the
interfaces vary along the profile. The layers are numbered with roman figures.
Velocities (km . s~ ') below the upper and above the lower interfaces bounding
individual layers are shown. The coordinates of the interfaces are given on all
vertical grid lines. The positions of the lines can be seen in fig. 3. Computations
were done for two reflected waves from the sixth (code 1234554321) and the
seventh (code 123456654321) interface. The composed graphics output for the
wave reflected on the sixth interface is in fig. 6 and for the wave reflecied on the
seventh interface in fig. 7. Computation of 10 rays in the fan where the rays are
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3. Two-dimensional laterally inhomogeneous velocity model suggested by W. D. Mooney.
Velocities in km . s~?

on average 25 points long including the graphics output on plotter lasts four
minutes 18 seconds. For comparison, the traveliimes computed for the WDM model
by the program TRIANGL (Cerveny—Jansky 1985) were used in the role of
experimental traveltime curves. The “experimental” traveltime curves and the
computed times have been plotted with reduction velocity 6 km/s. The results
produced by the program RAY are in good agreement with the traveltime curves
computed by the program TRIANGL.

In the period 1986 — 1987 the program was also tested on real refraction data.
The present version is based on the gained experience. The examples will be
published in a following paper.

Conclusion

The program system for solving the direct kinematic problem and the inverse
kinematic problem by the “trial and error method” for laterally inhomogeneous
medium with curved interfaces was developed. The system is fully interactive and
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6. Bxample of a composed graphics output for the WDM model. The rays reflected from the
sixth interface are shown. Traveltimes are plotied with the reduction velocity of 6 km . s~!

so enables fast and precise modelling on any velocity distribution consisting of
several layers separated by curved interfaces. The system is formed by three
programs — MODEL, RAY and PLOT. The core of the whole system is the
program RAY for fast computation of rays and fans of rays.

Within one run of the program RAY interactive and fast changes of all para-
meters of the velocity model can be performed. The program RAY can be applied
for verification of velocity models, using various types of waves from different
shotpoints as welil.

The program system was written in BASIC for the desk-top computer HP 9845.
Owing to the interactive operation the time needed for construction of a velocity
model was many times reduced as compared with batch-processing. The system
was successfully tested on model refraction data and its possibilities were verified
for real field data.

K tisku doporucil 1. Péenctk
Prelozila D. Malikovd
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7. Example of a composed graphics output for the WDM model. The rays reflected from the
seventh interface are plotted with the reduction velocity of 6 km . s~
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Program pre interaktivni FeSeni kinematickych dioh
v laterainé nehomogennich prostFedich

(Résumé anglického textu)
Petr Firbas—Marta Skorkovska

PiedloZeno 14. zAFi 1988

t Byl vyvinut plng interaktivani programovy systém, ktery umo#iuje rychle a s do-
stateCnou piesnosti wrcit rychlostnd rozloZeni seizmickych vin pro dvourozmérné
v stevnaté lateralng nehomogenni prostiedi. K elu byia zvolena metoda postup-
nych aproximaci pfi feSeni obracené kinematické nlohy (metoda “trial and error™).
Pro vypocet paprskil pak byla rozvinuta metoda, kierd piredpoklada po &istech
linearni aproximaci prostiedi, pro kierou pak feSeni paprskovych rovnic je dano
apalytickymi vyrazy.

Programovy systém byl vyvinut pro stolani pocitac HP 9845, je piné interaktivni
a vyuZivd graficky HP sofiware a grafické periférie (grafickd obrazovka, &tyf-
barevny plotter A3, maticova tiskarna). Systém sestdvi ze tii segmentovanych
programi MODEL, RAY a PLOT. Program MODEL vytvaii a testuje ‘vstupni
rychlostni model a déle slouZi ke vstupu experimentalnich hodochron. Program
PLOT slouZi k vybéru paprskii, uloZenych programem RAY na magnetickou
pésku, a jejich naslednému vykresleni. Zakiadem celého systému je program RAY,
ktery umoZiuje rychle pocitat paprsky, vijife paprskd, sledovat Sifeni paprskii
v prostiedi v realném &ase, vypodet pierusit a zaroveil v rAmci jednoho priachoda
programu interaktivné a rychle ménit viechny parametry rychlostniho modelu.

Program RAY umoZiuje provéiovat rychlostai modely od povichu do hloubky,
pouZivat ruzné typy vin a Casy Sifeni se vin€ni od ruznych odpalovacich bodi.
Dale program umoZiiuje do vypoctu zahrnout apriorni informace.

Programovy systém je napsan v jazyce BASIC pro stolni poéitad¢ HP 9845,
Vyuziva se tedy mald vypodetni technika, ktera je cenové dostupna ve srovnani
s velkymi pocitaci. Zaroven diky interaktivnimu pfistupu byla doba potiebna
k vytvofeni rychiostniho modelu nékolikandsobné zkracena ve srovnani se zpraco-
vapim na poditadi, pracujicim v reZimu davkového zpracovani dat. Programovy
systém byl 1ispésné testovan na datech Tidké refrakee a jeho praktické moZnosti
pii tvorbé mehomogennich rychlostnich modeld byly ovéieny. Popis pouZiti
programu pfi feSeni obracené ulohy na redlngch datech je obsahem pfipravova-
ného &lanku. 4 : :
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Vysvétlivky k tabulkdm

Tabulka 1. Tabulka mo#nych &innosti programu, jak se zobrazuje na obrazovce pii zménich
vertikdlnich &ar miiZe.

Tabulka 2. Piklad vyiezu rychlostni sit€ 1. vrstvy (modelu TEST), jak se zobrazi na obrazovce
p¥i zragnéch rychlosti 1. vrstvy, Graficky kursor, slouZici k v§bére ménéné hodnoty rych-
losti, neni zobrazen.

Tabulka 3. Tabulka moZnych innostf programu, jak se zobrazi na obrazovee pii zménach
rozhrani.

Tabulka 4. Tabulka moZného vétveni programu RAY v rozhodovacim bodé HELP, jak se
zobrazuje na obrazovce (srov. s obr. 2).

Tabulka 5. Priklad vystupniho tisku na tiskdrn& p¥i vypodtu paprské odraZenych od sedmého
rozhrani pro model WDM.

Vysvétlivky k obrizkdm

1. Zobecnéné schéma vypodtu a vstupnich/vystupnich operaci programového systému (programy
MGODEL, RAY a PLOT).

2. ZjednoduSeny blokovy diagram programu RAY.

3. Celkovy obrdzek modelu WDM (sifovych &ar a rozhrani), jak se zobrazi na obrazovce pti
posunu vertikdlnich &ar (viz tab. 1). Graficky kursor (neni zobrazen) slouZi k volbé posouvané
vertikalni sifové &ary a nasledné k digitalizaci jeji nové x-soufadnice.

4. Qbrazek, ktery se zobrazi na obrazovce, je-ii posouvdno 6. rozirani, Pro uvsnadnéni zmén
jsou zndzornény i rychlosti pod a nad posouvanym rozhranim. Graficky kursor (neni zobra-
zen) slou3i soudasné k volbé posouvaného bodu rozhrani a digitalizaci jeho nové soufadnice.

5. Dvourozmérny laterdiné nehomogenni sedmivestevny rychlostni model, ktery piedloZil
W. D. Mooney. Rychlosti jsou uvedeny v km .s™".

6. Ptiklad sloZeného grafického vystupu pro model WDM. Pro zvoleny zdroj (50 km, 0 km)
jsou vykresleny paprsky odraZené od $éstého rozhrani. Casy pfichodu paprskuy stejnd jako
experimentaini hodochrony jsou vykresleny v redukovapném méiftku s redukéni rychlosti
6km.s~%

7. SloZeny graficky vystup pro paprsky odrazené od sedmého rozhrani. Model, zdroj i pouZitd
redukeni rychlost jsou stejné jako pro graficky vystup na obrdzku 6.

I!porpanma Ria pemednsl KEHEMaTHYeCKY X 3anaq
B lIaTepallIbHO-HCORHOPOXBALIX cpeax AHAJIOrOBBIM enocoGon

B poxnane opucana uajioroBas NPOTrpaMMHEad CHCTEMR, NpeAHASHAYCHRAY 1IN MORCIUPORAHEs
pacOpesesicEAs CKOPOCTeH CelicMEYecKuX BONH B ABYMEDHOH HEOAHOPONHOH CHOHCTOH Cpene
¢ KpuBONEHEHARIVME Ypamuv@amyu pasnena. Ylporpamma ppemHazEavYeHa yis pemeHus oGparBOH
XAHEMATAYECKOR 324498 METOAOM NOCTeHSHHAIX anupoxceMamii. MetoZn, BcRoms3yeMsli s
PEHIENAN YPaBHSHUIN 7y9a, DPeAnoIaracy JHaeHHyo 0o JacTaM AIpoLkcaMano cpegsl. liporpavm-
Bas cucrema ofecnesweaeT GLICTPOS BLYMCHERWE JXydell Wi Beepa JydeH, DpepLiBaHHWe paciera
B PEaN-EOM BPEMEHH U BEAOTOBOS A3MEHEHHE BCEX mapameTpoB CEOPOCTHOH MOAEHE B paMkax
OIEOF0 mpoXoaa mporpamusy. fiporpammeas cucrema HamucaHa Ba gsnse BASIC xng macromm-
Hore xamnkymaropa Hewlett-Packard HP 9845 @ upeanonaraet nouwoe 2Cooms3osagme rpadu-
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9qECROTO HPOTDAMMEHOTO MATOGECHeeHns B COOTBETCTRYIOMEX rpadrmeckax  DepaGeprABRX
yerpoicte. 1IpHReAcH UpAMEP pacucTa AR ABYMEpHOH NATEPaILHO-HeOHEOPORHOR CIIORCTOR
Mofens. STa mpopepoIHad MOAEHs Grina HPCUIORCH2 B. J. MymsvM Ba cuMmoszyMe Komacena
fi0 YHPABRASMEIM CEHCMAYCCRAM HCTOUEHR2M B 1983 r. Bo IMecimrapmn. IIporpaMMEaa CECTEMR
6Lia BPOBEPEER A0 PEANbHEIM SABHLM ¥ OpHOOCDCTCHERIS PE3yNETATEL DOATOTOBISIOTCA K OHy~
GIEROBAHKLO.

Prelozila H. Kuksovd
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