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1. Introduction

RayGUI 2.1is a graphical user interface of taginvr program (Zelt, C.A., and Smith, R.B.,
Geophys. J. Int., 108, 16-34, 1992), a widely-used package for a 2-D forward modeling and
inversion of seismic rays in an isotropic medium on UNIX workstati@agGUI 2.1is an
upgraded version of RayGUI 2.8¢ng, J. L. and ten Brink, U., 20@5raphical User
Interface for Interactive Seismic Ray Tracibgs,Vol. 86, No. 9, p.9®ong, J. L. and ten
Brink, U., 2004, RayGUI 2.0 - A Graphical User Interface for Interactive Foraad
Inversion Ray-Tracing, U.S. Geological Survey Open-File Report 2004)1R2§GUI
2.1 can be used on computers with either Linux, Unix or MAC-OS X operatingrsysiae
graphical interface greatly facilitates the useayinvr, which currently requires text-editing
of the velocity model and has a rigid display of model and traveltiRegsUI 2.1enables
the user to graphically edit a subsurface velocity model and change tihaciag-t
parameters. The medium consists of distinct layers with velocitysdiefened at their tops
and bases. Velocities can vary laterally along a given layer, and |layepsnch out. Ray-
tracing is performed by converting tReayGUIvelocity model intaayinvr format and
invoking rayinvr from within RayGUIl The modeled rays are plotted in the window of the
velocity model. Observed and calculated traveltimes are displayedrfgrarison to test the
velocity model. The display parameters are controlled interactivielyspeed has been
greatly improved from previous version. The new version no longer has a speatidimi
that prevented the user from modeling multiple arrivals from multhpdéss JAVA Jre 1.3 or
higher is required to ruRayGUI 2.1 FORTRAN 77 and ANSI-C are required to compile
rayinvr and some auxiliary programs. The rayinvr code had to been modified to allow
compilation on Linux and MAC operating systems.

The package is available for non-commercial purposes. Please comtzet Biink at
utenbrink@usgs.goto obtain information on how to download this packagginvr, which
is part of this package, may not be used commercially. For inquiresralgmur, please
contact Colin Zelt at czelt@rice.edu.

When you publish papers and reports that include work done with RayGUI 2.1, please
cite “Song, J. L. and ten Brink, U., 2004, RayGUI 2.0 - A Graphical User Interface for
Interactive Forward and Inversion Ray-Tracing, U.S. Geological Survey Olegen-F
Report 2004-1426.” Please also cite Zelt and Smith (1992).



2. Concept of RayGUI 2.1

RayGUI 2.1consists of two packages:

« GUI: graphical user interface.
« rayinvr:rayinvr package from Colin Zelt, slightly modified for Linux and MAC
operating systems, together with some auxiliary programs.

Philosophy:RayGUIis a Graphical User Interface (GUI) that allows you to interactivdily e
velocity models and ray-tracing parameters. Ray-tracing is performesdingrayinvr
from the GUI. After ray-tracing is completdfayGUIdisplays observed and modeled
traveltimes, and optionally, rayRayGUIis written in JAVA,rayinvr in FORTRAN77, and
auxiliary programs in FORTRAN 77 and ANSI-C.

RayGUI 2.1 uses a Working Directory to support multiple users. The Workingi@ryes a
directory used to store temporary files while RayGUI 2.1 is running. Each sy toe
create his/her own working directory to store the temporary files. Indesds#ér works on
more than one project at same time, he/she needs to create a Worktgripifor each
project. For each project, you need to start RayGUI 2.1 from the Working Dyectitns
project.

3. Downloading RayGUI 2.1

Please contact Uri ten Brink at utenbrink@usgs.gov to obtain information on how to
downloadRayGUI

Please inform us at utenbrink@usgs.gov after you installed this pdekageknow on
which platform you installed it. This is in your best interest: in order to gendipdates
bugs files, and information.

Please also inform Colin Zelt (czelt@geophysics.rice.edu), the auttierafinvr package.

Both RayGUI and rayinvr are not available for commercial purposes.



4.1

4. Installation of RayGUI 2.1

Installation steps:
Introduction
Linux Users:

If you are using gcc compiler, make sure g77 is available as a FORTBApiler.
rayinvr was modified for compiling under Mandrake Linux.

Unix Users:

If you are using SGI or any other system other than Sun Solaris, please pagratte
to the Java version. The Java version may not be totally compatibleowitlsystem.

MAC Users:

MAC users need Fink install and the g77 compiler.

Installation

Create a new directory for RayGUI, and download RayGUI 2.1 to this directory

Unzip and Untaraygui_2.1_for_XXX.tar.gZThis creates the directorgyguidir
which contains four sub-directoridsin, raygui, rayinvrpkandexample

bin directory will store theayinvr executable command;
raygui. RayGUI 2.1 directory, contains all classes of RayGUI2.0;

rayinvrpk rayinvrpk directory which contains thayinvr package from Colin Zelt
(czelt@geophysics.rice.edu);

example:contains an example to run RayGUI 2.1.

Go to.../rayguidir/rayinvrpk/ rayinvridirectory and edit Makefile: (... stands for the
full path to directory you created for RayGUI 2.1)

In the Makefile under..rayguidir/rayinvrpk/rayinvridirectory, there are two
lines that need to be edited according to the directory rayinvrageldc

EXEDIR=/path_to_rayguidir/bin/
PLTLIB=/path_torayguidir/rayinvrpk/pltlib

Change EXEDIR =/path_to_rayguidir/bin/ into:



EXEDIR = .../rayguidir/bin/

Change PLTLIB=/path_to_rayguidir/rayinvr/pltlib int o:
PLTLIB = .../rayguidir/rayinvrpk/pltlib

These all need to be edited in Makefile. Again, “...” stands for full path to
rayguidir directory

After editing Makefile, replace the old Makefile with the edited one.

« Remove all *.o files impltlib directory
« Remove all *.o files imayinvr directory
« Under ../rayguidir/rayinvrpk/ rayinvr/directory, type the commamdaketo compile

rayinvr. The executable commandrafyinvr will be xrayinvr under
“...Irayguidir/bin”.

« Go to.../rayguidir/rayinvrpk/ miscdirectory to compil@mplstsqr There are four

4.2

dmplstsqrversions @dmplstsqr.f, dmplstsqr2.f, dmplstsgr_new.f and dmplstsqgr_new?2.f

that you can choice one of them to compile. However, the outfile name has to be
dmplstsgrand need to be put in therayguidirbin/directory Command line examples:

g77 —o.../rayguidir/bindmplstsqrdmplstsqr.f [For g77 complier

f77 —o.../rayguidirbindmplstsqrdmplstsqr.f [For f77 complier

Set up path and directory setting:

» Set up current directory path:
Make sure, JAVA jre 1.3 or higher version is running on your system and patles/éor
are set. Include “.” in thBATHenvironment in your .cshrc file (for Unix and MAC) file
or .bashrc file (or .bash_profile)(for Linux). For example, if you have an existing
PATH=/users/username/, change it to

PATH = .:/users/username
» Setrayinvr path:
The user needs to make tiaginvr available globally by set uyinvr path. Add path
“...Irayguidir/bin/xrayinvr’ to your path in .cshrc file (for Unix and MAC) or .bashrc file
(or .bash_profile)(for Linux)
» SetRayGUIlalias:

For single user:

To set alias for RayGUI in your .cshrc file (for Unix and MAC) or .bachrc file
(or .bach_profile)(for Linux):

10



for .cshrc file:

alias raygui “cd .../rayguidir/raygui/; java RayGui”
for .bashrc

alias raygui = “cd .../rayguidir/raygui/; java RayGui”

The reasons for setting up an alias are: 1. keep command line simplgy 2okegroject
directory orgnaized with the temporary files used by RayGUI.

For multiple users:
RayGUI 2.1 supports single user and multiple users. For multiple users, th@@ssusn
that users DO NOT use the same RayGUI working directory. Each userdnaat®
his/her own RayGUI working directory. If a user works on more than one projestiche/
needs to create a working directory for each project. A RayGUI workiagtdry is a
directory from which the RayGUI is started by the command Jena“‘RayGui and the
temporary files are stored under this directory. For instance, if yaudndirectory
namedprojectlas your project directory, you need to create another directory, e.g.,
projectl_Workingdiras the RayGUI working directory. When you start to work, go to
projectl_Workingdirand start RayGUI from within that directory with ttaygui
command. The working directory is not necessary under your project diretiwould
be any where you want.
The alias for multiple users is set up differently from above for single user
for .cshrc file:
alias raygui “java -d .../rayguidir/raygui/ RayGui”
for .bashrc
alias raygui = “java -d .../rayguidir/raygui/ RayGui”

By setting up the above alias, the user can run RayGUI by simply typingaan
raygui. All above, “...” stands for full path taayguidir directory

5. Description of RayGUI 2.1

5.1 General description

The main window of RayGUI 2.1 consists of four panels:

11



Menu and Toolbar, Control parameter panel, Draw panel and the Curser idorpanel
(Figure 1).

The Menu and Toolbar are located at the top of the window. Most buttons on the toolbar have
a corresponding menu item in the submenu of the menu bar, except for deletaddyer
point, deleted-point, go-to-table, and show-time-window buttons.

The Control parameter panel is located on the left side of the windmk.ddl the button to
display the details of each set of parameters.

The Draw panel is on the right side of the window. All the draw functions are cechplet
this panel. There are two windows available for drawing, one is Model windownatitea
one is Time window. If the Time window is not opened, travel time will bevalia the
Model window together with the model.

The Curser information panel is located at the bottom of the main window whhydi the
information the curser points to, including current curser screen locatmxels, location x
and z values, layer number, upper boundary velocity and lower boundary velocity values.
The user can enter the velocity values to update the velocitiesdsyng¢he Update velocity
button.

Menu bar and Toolbay

—+ RayGUI--/homefjianlifwork/chang/run04/L1/p2/L1p2.rgu
File Edit Zoom Run Y¥iew Replot Help
C[[al[«]a #[3[n @ oja]a ]

I3 Conirol Parameters = 2
@ [ Plot paramaters

[y wetocity reduction I

@ ([ Ray traring pararmeters Draw ]'l:'lll(‘]

[ Rays
[y shots L
D Spacing

@ 1 Imversion parameters

D Ray type and uncertainty

BTN

5] Model window -

T-x/6.0 (seq)

Clontrol parameter panel b 2900

4

« 1]

0.0 56.0 112.0 168.0 224.0 280.0
B a 1

@Ijm@mu =
1o |21 |10 |F22 @
@Dil@@a_z (]
@@4.1@542 (]
@IZSJ’EC' 52 [

Depth dan

| [r]

X: 50 ¥: 547 Distance: 245.2, Depth: 0.9, Layer: 2 Upper v ‘6 1 Lower¥: 6.2 ‘ | Update Velocities ]
T — |

Message board

Figure 1
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52 Menu and Toolbar
Menu

There are seven menu items on the menu bar: File, Edit, Zoom, Run, View, Reptelp.
Each menu item has several submenu items.

File:
New, creates a new model,
Open, opens an existing model;
Save saves the current model,
Save assaves the current model as different name and location;
Import, imports a text model file;
Export PS file, exports current raytrace and travel time as a postscript file;
Export X2V file , exports a text file of X, Z, and V values;
Print, prints the current Draw window (not available currently);
Exit, saves and closes the application.

Edit:
Undo, back to the previous modification;
Redaq redo modification;
Add point, selects the layer to which the point will be added;
Add layer, adds a new layer to the model.

Zoom:
Zoom in, make the model and travel time plots 20% larger;
Zoom out, make the model and travel time plots 20% smaller;
Zoom to original, returns to initial size;

Scale zoom using one of the scales.

13



Run:

Forward, run forward ray tracing;
Inversion process run inversion ray tracing or Dmplstsqr (See rayinvr
menu for explanaition).

View:

Show mode] model will be shown in the Draw window;

Show observed timgobserved time will be shown,;

Show calculated time calculated travel time will be shown;
Show reduced time a linearly reduced travel time will be shown;
Show rays rays will be shown;

Show shots shots will be shown;

Point size select and change the size of points in the model,
Time symbol, draw calculated time as line or as circle.

Replot:

Re-plot the draw without calculation. The user can re-plot the currant dr
anytime without calculation by pressing R button. If you have the Time
window opened, when you change the reduce velocity, you need first press
the R button on the Toolbar and then using Draw button on the Time window
to re-plot the time.

Help menu will bring up miscellaneous information.
Toolbar
Figure 2 shows the corresponding menu items on the toolbar. The toolbar inclutiesaddi

functions which are not in the menu. These include Delete layer button, Delgteytton,
Go to table button, Time window button, RMS button and 1-D profile button.

=» RayGUI---/home/fjianliywork/chang/run04/L1/p2/L1p2.rgu
File Edit Zoom Run Yiew Replot Help

EEOIRNREENDE O EEEE

Control Parameters }:{ i = :
it Model window
B T DAt maraman tewe 1

i

# (1) | ]

&

Figure 2
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6. Model

6.1 Create a new model

To create a new model, click on File-New item, a dialog box will pop up. This diallogsk
the user to input the frame parameters for your model, including minimunaxmum X,
minimum Z, maximum Z and the total number of layers in the model (Figure 3).

e E

New: Model Input -

Please enter model boundary info:

Min X@my: | |
Max Xmy: | |
e | | Na data set,
Max Zg&m): | | .
Number of Layer: Il |j
| ok | | Clear | | Cancel |
Figure 3

Atfter filling in the information, press the Ok button. A new table with the in&tion you

just entered in above dialog will be brought up (Figure 4). There are sixm®larthis table:
Distance, Upper boundary depth of the layer, Upper boundary velocity of the layer, Low
boundary velocity of the layer, Layer number and Editable. The first rovisaitbie will be

the information you entered in the previous dialog. The rest of the rows contain a tioele of
model. Editable or not corresponds to the values 0 or 1 in the v.in file for each node.
Immediately following the last row of the model parameters, input the shobgkens.

Input X, Z values of the shot in the first two columns. Put O into the otherotetie shot
row.

-+ Model Input Table [= (o[
Distanced) Upper B. Depth (2) | Upper B, Yelocity (+1)| Lower B. Yelocity (¥2) Layer Kumber Editable ‘
il 300 il 40 5| ] -
il 0.4 57 5.2 1 vl [
25 0.2] 57 6.2 1 v
75 0.5 5.6 6.2 1 [vl
100 0.2] 5.7 6.2 1 v
1251 05} > 31 iy o]
1351 0017 18 31 o o]
Lol 0.3 51 331 iy o]
200 1 57 ) 1 ]
£Rel | 57 ) 1 ]
g2 L 57 Skl 1 el
£0a 05| 57 Skl 1 el
20 0.5] 57 ) 1 7]
0l 10] 6.3 6.5] 2| o]
13.448) 5.175) &5 2 I
20,69 5,635/ 6.112| &5 2 I
35.172 8381 6.081] 6.5 2| vl
40,345 g 6.065] 55 H| vl ||
43.1 492! 6058 65 | vl b
| Ok | ‘ Clear ‘ | Save ‘ | Save as | | Cancel |
Figure 4
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After you finish input the data, press the Save as button. A model wiltbted and saved
as.rgu format and a v.in file will be exported.

Note: the nodes in the table have to be in X order and layer order. For the santadaye
smaller X value node should be first. The layer order has to be in 1,2,3,...

6.2 Import model from a text file

The user can import a model from a text file. Follow the format of thle ta create a new
model in a text file except for the Editable column. Each point should ocoepyow and
each row should have six columns:

X, Z, Upper boundary velocity, Lower boundary velocity, layer number

You can use any delimiter between the columns, such as comma, semi colon, sgiace or
Again the first row is the model frame information, X-start, X-end, B;sfaend, total layer.
Following is the nodes. Shots follow the model nodes and only X, Z values are needed.
Bellow is an example of the text file.

0, 100; O, 50; 2 //XfromOto 100, Z: 0 to 50, 2 layers
0, 2, 3.2, 40, 1 /11 * node of layer 1
10, 15, 3.0 38 1 /2 "d hode of layer 1
50; 1.3; 35 45 1 /I3 " node of layer 1
75 2 28 36 1 /4 " node of layer 1
100 17 32 41 1 [/I5 " node of layer 1
0, 40, 7.3,7.6,2 i1 ' node of layer 2
55, 30, 7.5, 7.7, 2 12 " node of layer 2
100, 36, 7.3, 7.6, 2 /I3 " node of layer 2
2,05 /1 st shot

80, 1.0 /2 nd shot

86, 0.6 113 " shot

Click on the File-Import, a file dialog will show up. After you select th file which you
want to import, thé.oad text filewindow pops up (Figure 5).

[ Load text file -

ol B

} Load new model ——- contains model data and shots

() Load model data --- add layers ot points

/@) |Load shots --- load shots only

) Load model and shot data

Figure 5
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You have four choices: Load new model, Load model data, Load shots and Load model and
shot data.

6.2.1 Import a new model

Load new modeloption will create a new model using the text file. Press the Next> batton t
process to next window to select the format of text file, delimiteckedfwidth (Figure 6).

= |

Load tex fil

® Delimited () Fixed width

Start row: u Shot start row: (10

First line has to be model frame info.

First Line: Xstart | Xend | Zstart | Zend
Model format: X | Z | Vupper | ¥Viower | Layer
Shot format: X | Z ]
I I 2
& 100 1.7 1 1 1 :

70,40, 2.3,3.6,2
8 55,30, 45, 64,2

9 100, 36, 4.3, 5.6, 2
10 2, 0.5,

11 80, 1.0

12 86,06

[4]

[¥]

| <Back || Next = || Cancel |

Figure 6

Give the start row for the model and the start row for shots and then pressttimeNext> to
select delimiters if you chose Delimited previously (Figure 7).

Load text fil

Select the delimiters your data contains

[/ Tab [v| Semicolon [¥] Comma [v] Space

10 100; a, 50, 2 =
2.0, 2 1 1
3 10, 15, iy 1
4 50; 1.3; il 15 1
575 2 1 1 1
& 100 1.7 1 1 1
70,40, 23,362

8 55, 30,45, 64,2

9 100, 36, 4.3, 5.6, 2

10 2, 0.5,

11 80, 1.0

12 86, 0.6

[4]

[¥]

’E. Mext | Preview || Finish || ECanceIf |

Figure 7
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After you select the delimiters, you can press the Preview button to lookdattehenat will
be imported into the model (Figure 8).

Load text file

Select the delimiters your data contains

[ Tab [v] Semicolon [v] Comma [v] Space

Ay | 2kmy | Vuppertkmifs) [ viowergamgs) | Layer
0 100 [0 50 2
0 2 11 11 11
10 L5 [ £ i
50 13 11 1.5 11
75 2 [ 11 |
100 17 1 11 11
9 140 2.3 3.6 2
55 30 4.5 5.4 2
100 36 4.2 5.6 2
2 0.5 [0.0 0.0 o
80 1.0 0.0 9.0 o
g6 06 [0.0 0.0 la

<Back | Preview || Finish! || Cancel |

Figure 8

You can go through the table to check if there is any error in the model. If thererisran
you can go back a step to correct it. Press Finish button to finish the import amadile
will plotted.

Note: Be sure to move the cursor from the last cell you changed to a new celicirtd cl
choose the new cell before pressing the Finish button, otherwise, the chdmge gl saved.

6.2.2 Import part of a model

Load model datathat option allows user to load part of the model data, such as add layers or
add points to a layer. In this case, you have to open an existing model and your text file
contains only layer nodes without the model frame and shots. The operationslareasim

Load new model.

6.2.3 Import shots

Load shotsthat option can add shots to model. The format is same as in the whole model
text file. As described above, an existing model has to be opened beforerytuada shots

to the model.

Load model and shot dataUse this option if you need to add partial model data and shot
data.
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6.3  Modify model

The user can add layers to the model, add points to a layer and change X, Z atesvefoc
a point interactively.

6.3.1 Add/Delete point:

Add points
To add nodes to a layer, go to Edit-Add point and select the layer you want to addgoint
(Figure 9).

@ l——gl Finch layer

| Add point ¥ © Layer
@ [ Add layer O Layer2

[1FRays O Layer3
D Shots O Layerd
D Spacing

=
@ [ Inversion paral Eayein

D Ray type a 2 Layerf

Figure 9

Unlock the Add point button by clicking on it (the cross sign X will disappeanithse

unlocked). When Add point button is unlocked, the red-cross disappears. Then you can move
the curser to where you want the point added and left click on the mouse button, the node
will be added (Figure 10).

-+ RayGUI--~/homefjianlifwork/chang/run04/ 1/p2/L1p2.rgu
File Edit Zoom Run View Replot Blp

Ll=la] [&]a]E] < m) =)@ 60 EED
‘E ’Ezn;rul Parameters F_{ I b da

At mAraraatare

-

|| | ]

Figure 10

To add a point to another layer, change the layer by checking the layer numbekdohder
point submenu of Edit.

Delete point

Unlock the Delete point button by clicking on it (the cross sign X will disappkan it is
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unlocked), move the curser to the point you want to delete and click on this poipuititis
will be deleted.

6.3.2 Add/Delete layers
Add a layer
To add a layer, go to the Edit menu and click on Add layer, which brings up the Add layer
dialog. You need to give the depth of the layer to be added and select from the following
options: Follow higher interface, Follow lower interface, or §traline interface (Figure 11).
The Follow up interface will add a layer which will follow the shape of therlalgeve it.

The velocity values will be copied from the corresponding nodes of the layes.arhe user
must modify the values of velocities to the new layer.

Add Layer Diadlog -

o B
Depth at left: |2 ® Follow up interface

) Follow lower interface

() Straight line interface

Give the depth and select the interface to follow.

| Ok H Cancel ‘

Figure 11

The Follow lower interface will add a layer which will follow the shapéeflayer below it.
The velocity values will be copied from the corresponding nodes of the lagev, lzeid user
must modify them to the new layer.

The Straight line interface will add a straight interface at théhdequ specified. There will
be only two nodes at the two ends on this interface. The velocity values aé fropi the
corresponding nodes in above layer.

Delete layer
Unlock the Delete layer button by clicking on it (the cross sign will disapplean it is

unlocked), then move the curser to any point on the layer that you want to delkten ¢he
point and this layer will be deleted (Figure 12).

=» RayGUl---/homefjianlifwork/chang/run04/L1/p2/L1p2.rgu
File Edit Zoom Run Yiew /Replot Help

RECHEYR S R M S E == e 2
Control Parameters );{ I Madel
B F DAt maramntoee &

Figure 12

20



6.3.3 Modify location of a point

There are two ways to modify the location of a point. You can drag a point to anywhere
within the model to modify its location. Or you can click on the Go to table buttonmigp bri
up the model table, find the row of the point you want to modify and modify the x and z
values. If you use the table to modify a point, you need to save the table andthéepe
model

6.3.4 Modify velocities of a point

The user can modify the velocity by the Update velocity button at the bottibra window.
Move the curser to the point you want to modify, enter the values in the texididlus
bottom of the window and then press the Update velocity button (Figure 13).

| ,

< / [+

X: 50 ¥: 547 Distance: 245.2, Depth: 0.9, Layer 2 UpperV: 6.1 Lower ¥ [5.2 | Update Velliues

Figure 13

The user can press the Go to table button at anytime to bring up thartdlsteodify the
model within the table. If you use the table to modify a point, you need to sankeré@en
this model.

6.3.5 Pinch layer
There are two steps to completing the pinch layer process.

1. Select the interface to be pinched to: Click on the Pinch layer butgmtor
Edit-Pinch layer, a dialog will show up and ask you select the interfataytre
to be pinched to (See figure 14). The default value is set to Pinch to the upper
interface. After you select the interface to be pinch to, press Ok button.

2. Select the distance range to be pinched: When you finish the first steprsbe
will change to an arrow indicating the direction the layer will be pid¢be
represents pinch to upper layer aMd represents pinch to lower inter?tme. No
on MAC, the cursor status is the same in two cases. Click on a point opdhe la
where to start to pinch, this point will become red color, then click the point to
end the pinch range. This range of the layer will be pinched to the selected

interface.
BT i e |2
@ Pinch up interface
7 Pinch down interface
Ok Cancel
Figure 14
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6.3.6 Undo/Redo

Undo or Redo action will only take effect on the modifications of model parasnétery
will not take effect on the ray draw or time window drawing. The user can snuauy
steps as the memory allowed and redo back to the origin.

7. Travel Time

7.1 Travel time window

The user can split the travel time window from the model window. ByipgegeT button
on the Toolbar (Figure 15). Initially, the scale in the Time window is sebe scale of
Model window horizontal distance and distance range in Time window is sam#éhas i
Model window.
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There are two text fields and five buttons in the Time window. The text fieldeeatenme
range (the Y-axis) of the plot. The default start and end range is the futitige of the data.
But a narrowed range, and hence, a vertical magnification, can be enteee@dnAdtring a
new time range, remember to press the Replot button to plot the newtitreevednge.

Within the Time window, the user can zoom in and zoom out the draw scale. Pthssing
Original button, the scale will be back to Model window’s scale (Figure 16)

M Time window

Time: s'tan@ end@| Replot || Zoom in || Zoom out || Original | | Close |
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T-x76.0 {seq)

Figure 16

7.2 Observed travel time input file --- tx.in

The observed travel times are still stored in the tx.in file, as nag@auired. The user must
follow the format required by tx.in exactly. Following is an example of tx.in farma

shot distance| travel time | uncertainty | phase #
[---0~9 ---|---10 ~ 19 ---|---20 ~ 29 ---|--- 30~39--|

10.000 -1 0.000 0 II's hot 1
5.000 0.874 0.050 1 II'p hase 1 starts
10.000 1.771 0.050 1

150.000 26.519 0.050 1
155.000 27.324 0.050 1

15.000 7.413 0.050 2 II'p hase 2 starts
20.000 7.705 0.050 2

25.000 8.185 0.050 2

150.000 26.563 0.050 2

155.000 27.359 0.050 2

20.000 9.554 0.050 3 II'p hase 3 starts
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25.000 9.884 0.050 3
185.000 30.708 0.050 3

200.000 32.849 0.050 3
205.000 33.511 0.050 3
90.000 17.485 0.050 4 II'p hase 4 starts
95.000 18.074 0.050 4

300.000 0.300 0.000 0 II's hot 2
145.000 27.376 0.050 1 II'p hase 1 start
150.000 26.503 0.050 1

290.000 1 0.050 1

295.000 0.872 0.050 1

145.000 27.463 0.050 2 IIp hase 2 start
150.000 26.478 0.050 2

0.000 0.000 0.000 -1 Ile nd of file

Columns:
0 ~ 9: the shot-receiver offset of receiver

10 ~ 19: travel time observed. For shot, an integer number 1 or -1 to represents the
direction that the following travel times are located to shot, 1 to rightlatodleft.

20 ~ 29: travel time uncertainty. For shot, 0.000
30 ~ 39: phase number, it has to be an integer. For shot, 0
Rows:

The first row must be a shot. Following are the phases for this shot. Then, start
another shot and its phases. For example,

10.000 -1 0.000 0

or

10.000 1 0.000 0

The second columns indicates the direction of the following travel timetetbtza
shot. 1 to right and -1 to left.

Last row of the file has to be:

0.000 0.000 0.000 -1
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Note: The phase number can be any integer. The user can sign any integehfphase.
However, for one shot, no two phases can have the same number. To facilitate in the
inversion, we recommend assigning a number to the observed phase correspaih@ing t
model phase. For example, to the model phase 2.1 (layer 2, refraction, see Figurégh9), ass
a number 21 to the corresponding observed phase. To model phase 3.2 (layer 3, reflection),
assign a number 32 to the corresponding observed phase.

7.3 Observed travel time uncertainty

Observed travel time uncertainties in tx.in file will be used tcesite vertical bar which
represents the observed travel time in the plot of travel time. Fayex lamcertainty, the
travel time vertical bar will be longer. In Figure 17, the uncergdontthree phases are 0.05,
0.10 and 0.15.
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Figure 17
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8. Running a model

8.1  Control parameters
Plot parameters
Velocity reduction. There are three options in the velocity reduction, reduce velocity 6,

reduce velocity 8 and user enter reduce velocity. While the Show reduced thmeeview
menu was checked, the selected reduce velocity will be taken account in diféigurg 18).
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[ eelocity reduction|
Q = Ray tracing parameters
[ Rays
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[y spacing
@ 3 nversion parameters
D Ray type and uncertainty

CVCIE

4]

Reduce velocity:

® Reduce velocity 6

! Reduce velocity 8

) Enter reduced yelocity:

5.8

Figure 18
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Ray tracing parameters

Rays The user can choose the rays to be traced by checking the box correspondingdo desire
phases. The user can also define the number of rays to be traced for eachiginesg&qf-

The first column, x.1 (x: layer number), is for refraction. The second column, x.2, is for
reflection. And the third column 3, x.3, is for head wave. The number of rays to & trac
always works for the Forward model option. For inversion, the number of raygsaikes

the number of observed times. By default, head wave are not selected sirare ttaegly

used.

Shots The user can choose the shots and the directions to be traced for a shot. Right, left or
both directions can be chosen (Figure 20).
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Spacingis the spacing of rays emerging upward for forward modeling. If user enters 0, or
leaves it blank, it will take a default value as (xmax-xmin)/2§yfe 21). The spacing value
only works for head wave.

Inversion parameters

RayGUI 2.1 will read the tx.in file first before you start the inversidre @rrival types in the
tx.in will be shown on this panel (Figure 22).

Ray type, arrivals in the tx.in file. The user can select arrival(s) fromghisel for inversion.
In the tx.in file, the user can define the arrival type as he/she wisheshbstto be an
integer.

Uncertainties, the user can define Damping factor, Boundary uncertainty, velocity
uncertainty and travel time uncertainty. These parameters are used RUSIEQR process
and is not available at this version

Damping factor is an overall damping factor to control the trade-off leetwesolution

and variance. The default is 1.0.

Boundary uncertainty is the estimated uncertainty of the depth of the boundarykmjles (
written to the file i.out. The default is 0.1.

Velocity uncertainty is the estimated uncertainty of velocities (kmten to the file

i.out. The default is 0.1.

Time uncertainty is the calculated travel times (s) written to teéxibut. The default is
0.01.
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8.2 Forward modeling

When a model is ready, the user can press Forward button on the toolbar or prasd Forw
item under menu Run of the menu bar to run the forward ray tracing (See Figurbe23). T
user can input the number of rays to be traced for each ray type in the iRgyperameters
panel. If the user does not specify a number, the default number is 10 for epglerayhe
larger the number of rays, the longer the time is needed to run thé mode
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8.3 Inversion

Before starting to run the inversion, the user has to get the observéditnavide tx.in

ready. Otherwise the user will be reminded to give the observed timewvEnsion

parameter panel will show how many observed ray types (phases) you have in tiie.tx.in f
The number next to the checkbox is the number the user defined for that rayttypéx.in

file. In the ray trace parameter selection (Figure 19), user can ncitreelee ray types than
observed phases (Figure 22) to run the inversion. For example, suppose you have 5 types of
observed phases named 1, 2, 3, 4, and 5, if you want to run inversion for type 2 and 3, you
can select only two ray types in the Rays panel under Raytracing pardhthteselected

ray type number in the Rays panel is larger than the number of checked obsetypdsa
(phases), the user will get a warning and the inversion will not run.

For the first time run of dmplstsqr, inversion should be run in advance. Othemwésaiag
message will pop up to remind you run inversion first. After each time run of dgrplsts

inversion will run automatically. This guarantees that dmplstsqgr run onlyraeddr an
inversion run.

9. Zoom and View

9.1 Zoom in/out

The user can zoom in or zoom out the plot many times. Each time you zoom in, ¢hef scal
plot will enlarge 20% of previous plot, or will shrink by 20% for zoom out. At any zoom
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scale, the user can go back to original scale (initial scale) bymyeksi Zoom to original

button. The user can also use the menu item Scale to zoom in or zoom out. Undeiothjs opti
the scales are 10%, 30%, 50%, 100%, 120%, 150%, 200% and 300% (see Figure 24). The
zoom functions under menu bar and tool bar work on both the Model window and the Time
window. The Zoom functions in the Time window only work for the Time window.

The zoom in/out functions zoom plots on both dimensions, for the Model window, zoom X
and Z dimensions, for the Time window, and zoom X and T dimensions. If the user wants to
change the time scale only, he/she can give the time range in the Tid@wand press the
Re-plot button to redraw. The new time range will plot based on your window size.

9.2 Drag and zoom on a defined area.

The user can drag a rectangle in the Model window to zoom in. This reategigle will be
zoomed in to fit the current window size. To do this, the user first left doubks the

mouse to change the curser into a cross sign, then drags a regemii¥ mouse is released,
the plot will be drawn at the new scale. The distance axis in the Time Winitldve w
adjusted automatically to correspond to the Model Window. If the user retinaeve/indow

in the future, the Time window will take distance range within the relgaagion only to
redraw. At any time, the user can press Back to original button to bring thegkdbba
original scale and the full size.
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9.3 View options

There are multiple viewing options: Show model, Show observe] @imow calculated time,
Show reduced time, Show rays and Show shots (See Figure 25). The user cah sklect a
them or one of them.
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There also are two other options: Point size and Time symbol. Point sizs #ile user to
change the size of the plot point in the model. There are four options from 1 - 4. Ogtion 1 i
smallest point size and 4 is largest size. The Time symbol option allow® utenge the
calculated travel time plot symbol. The user can select to dravlai@ld travel time as a line
or as a circle.
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10. Export

This software provides several Export functions for various purposes.
10.1 Export a PostScript file

This function allows the user to export a PS file for current run r83uf.PS file actually is
a copy of PS file from Zelt's rayinvr package. The PS file will plave¢l time and the ray
tracing model. The travel time plotted will be at the reduced velocitys8km

10.2 Export a XZV velocity model file

This function allows the user to export an xzv velocity model text file. filaigvill be stored
under the current directory by the name “xzv.txt”. The format of the xvisfibez v’. Each
number is separated by a space.

10.3 Export RMS

Every time when the inversion is completed, the user can press RMS buttortasilibeto
show the rms value for the current inversion. When the user presses the RiviSabdtalog
box will show up to display the results and ask if the user wants to save the results. The
dialog box will display the total number the data used for the inversion and thelaas va
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10.4 Export 1-D profile

The user can export a 1-D profile of the velocity model using this functioregebr 1-D
profile, the user has to specify the location where the user wanketa iaD profile. When
the 1-D profile button is pressed, a dialog will show up and ask the user to inmdéatien
for the 1-D profile.

The 1-D profile will be stored under the current project directory and named 1Dxxx.txt
where xxx is the location user input for this 1-D profile. For example, if thewsnts to
export the 1-D profile at location 126.5km, the 1-D profile will named “1D126.5.txt”

11.Log

Most information which theayinvr program outputs should be in the log file, such as
forward or inversion result summary, and model error message (Figure 26x€fean
press the Log button to show the log information. Howeveayihvr does not end normally,
the log information will only show that thrayinvr is aborted. There will be no more
information explaining why theayinvr failed. In this case, the user can directly rayinvr
under the Working Directory to look at the reason for failure.
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shot#
shot#
shot#
shot#
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ray code 2.2: 0 rays traced *
ray code 2.3 0 rays traced *
ray code 2.1 0 rays traced *
ray code 3.2: O rays traced *
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ray code 4.2: 0 rays traced *
ray code 4.3 0 rays traced *
ray code 5.1 0 rays traced *
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| total of 1245 rays consisting of 22163 points were traced |
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| Close |

Figure 26
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