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CHAPTER 1

Introduction

PITSA is a flaible and paverful system for doing signal processing on digital seis-
mic data. It has been usexensiely in research and education, and can be used
also for routine processing (such as is required at a seismic atosgyvHavever,

the extreme fleibility of PITSA males it less suitable for this last task than a dedi-
cated program (if one ivailable!).

The user can perform data editing functions such as trendvaéarad remweal of

spikes and glitches. PITSAfefs a number of utilities for manipulation of seismic
traces, such as shifting or scaling of traces, adding and concatenating traces, and
stacking. Br enhanced visualization of seismic traces, the user can create seismo-
gram section plots withypocentral distance on the horizontal axis and time on the
vertical axis. PITSA automatically adjusts its scaling téedint sampling rates.

PITSA contains tensie filtering functions, including Buttemvth bandpass, Vo

pass, and highpass filters, Gaussian bandpass filters, notch filters, de-ringing filters,
and polarization filters. Additional filters can be defined by the user bidprg

either the ARMA codicients for the filter dierence equation or the corresponding
pole and zero distriliion in the compbe plane.

PITSA can be used to estimate earthgualagnitudes, intgate or diferentiate

seismic traces, analyze particle motions in 2 or 3 dimensions, perfovoltion

or deconolution, correct for the transfer function of instruments and simulate arbi-
trary instruments from broadband signals, rotate components, perform baseline cor-
rections, calculate ave evelopes, cross-correlate traces, and calculate FFTs and
inverse FFTs. In addition, the user will find tools for cross-spectral analysis, coher-
ence estimation, and the calculation of maximum egptspectra.

Several tools are praded for onset time determination, including standard interac-
tive phase picking, phase picking from particle motion diagrams and automatic P
wave determination using the P phase pioif Baer and Kradolfer (1987). Phase
picks which hae been made automatically can be edited intexdgtby the user

The onset times can be directly used for locating eartleguasing HYPO71PC

(Lee and ¥ldés, 1989).

In addition to its use for processing actual data, PITSA can craabey test sig-
nals, resample traces and simulate the performan@refanging A/D coverters.
This males PITSA a grsatile tool for demonstrating the principles of digital signal
processing in a classroomvinonment. These capabilities are usgtbasiely in

PITSA Uses Manual 1-1
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the book Short Course on First Principles of Digital Signal Pocessing ér
Seismologistdy Frank Scherbaum (1993).

Internally, PITSA uses a data format designed for the specific needs of eaghquak
seismologyIn addition to the trace data, PITSA stores logistical information on
each trace (plotting information as well agt and station information). The
information is lept in ISAM (Indeed Sequential Access Method) file systems for
fast access. In addition, the input of plain ASCII files and files using the GSE
(Group of Scientific Experts) format is possible.

PITSA is “trainable”, which means the user can teach it to repeat certain tasks
without having to input redundant information. It is a common requirement of seis-
mological research to process a series of traces in an identical nfemmrezam-

ple, it could be necessary to load a trace, perform a baseline correctigiratanie
calculate an FFTand finally create a hardoppn its Program modePITSA

records userdystrokes and menu tvarses in a file. In it¥rack modePITSA uses

this file to repeat the same sequence of operatiarepefor the cases where user
interaction is required. The user carminstruct PITSA to obtain input from a file
during this process.df example, instead of éng PITSA ask repeatedly for the

file name of a data file to process, the file names could be read from a designated
input file. Hence, for repetité tasks the amount of user interaction—and thedilik
hood of errors—can bespt to a minimum.

PITSA has a menu-based user irdeef which guides the user through the ynan
options &ailable. Screen colors and diiag colors can be changed to suit the user
Dialog boes and pop-up menus can bevatbaround freely to makoptimal use

of the screen. Hardcopies of the screen can be madg tatn@nand sent to a
printer or to a file.

1.1 The Gowth of an Idea

The idea for PITSA started toddop during the spring of 1987 while one of us
(Frank Scherbaum)ag working at the Cooperat Institute for Research in #n
ronmental Sciences (CIRES) in Bould€olorado, USA. &cing the need to ana-
lyze spectral parameters for about 3000 microeartiereadords, the concept—an
interactve set of signal processing tools which could be combined in an arbitrary
fashion and programmed to do seismological routine analysis on a PC (running
DOS of course) with minimal human interaction—popped up duringeihithe
Indian Peaks Wlderness in Colorado. PITSA, f®rogrammablé nteractve Tool-

box for SeismologicalAnalysis, sounded lika good name for such a satisfying
idea. The first @rsion of PITSA was programmed during the summer of 1987 and
was used in the conteof performing an imersion of spectral parameters of
microearthquads in Havaii (Scherbaum, 1990; Scherbaum angsgy 1990).

In 1988, during a subsequent stay at the National Research Center for Disaster Pre-
vention in Tsukuba, Japan, PITSA got its first majerbaul. Some of the con-

cepts used in the originakksion (e.g., static memory allocation, EGA-specific
graphics toolkit) put too magrconstraints on the type of computer that could be

used and the length of the data which could be analyzed. PIBSAavtially

rewritten in the contet of doing a study of gional eents of much longer trace

duration than the microearthquagignals analyzed preusly (Scherbaum and

Sato, 1991). The main changes at that time were the implementation of dynamic
memory allocation and the use of Metagraphics' MetaWIND®WPLUS graphics

toolkit for the graphics functions.

1-2
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During the summer of 1989, at the 25th General Assembly of IASPEI in ugtanb
Turkey, PITSA was demonstrated for the first time to @éraudience. The deci-
sion to produce aersion of PITSA which could be distited to other peopleas
strongly motvated by the response to these demonstrations. Recognizirgyithe v
ety of computer platforms people were using, and in anticipation of tixengro
importance of Unix wrkstations, it also seemed to be @thwhile goal to try to
make PITSA more hardare independent. Since the firsbtwersions of PITSA
were born out of the need to perform special tasks within thextaitparticular
studies, most of the programming had been done in a 'quick and aiytyf dim
Johnson had not come to Munich in the spring of 1990 to stekirvg on the X-
Window version of PITSA, it certainly auld have stayed that ay.

It quickly became clear that itomld not be possible to supportariety of com-

puter architectures with a common code base without making major changes to the
existing DOS-specific code ofowing Jim's re-design of the plotting intack, vir-
tually the entire programas revritten to his strict standards of coding and error
checking. In addition, we decided to use a virtual memory management system
under DOS. Although we were tgly successful in creating a common code base
which would support both the DOS and Unix operating systems, management of
the code size under DOS became a nightmare, threatening funbtpeent of
PITSA. Therefore when the DO®ngion of PITSA \as published in ume 5 of

the IASPEI Softare Library we decided to discontinuevagopment of PITSA for

the DOS operating system.

Current deelopment of PITSA is focused solely on Unixdikperating systems
using the X-Vihdow graphic edironment. This does not prent the use of PITSA
by people with PC hardave, havever. By using the free Linux operating system,
PCs can n@ run the latestersion of PITSA, with capabilitieaf begond those of
the old DOS ersion.

This edition of the PITSA Manual is the first update in nearly 5 years. In that time,
PITSA has changed tremendoushostly through the hardfefts of Andreas Riet-
brock, Joachim \Assermann, Matthias Ohrnger, and Matthias Hardt, who
developed mawy new tools to supportarious researchfefits. Typical of graduate
students, hwever, their eforts at documentation i@ not alvays been asden as
their devotion to their research. In 1997 the PITS#&am meed from the Unier-
sity of Munich to a & home at the Unersity of Potsdam, where maintenance
and deelopment of PITSA is being turneder to a professional programmand
PITSAs code is once more being cleaned up avided. Some of the tools which
were familiar in previous \ersions of PITSA ha disappeared, fomvious reasons.
An updated Manual as desperately needed!

1.2 Acknowledgments

Many of our colleagues, friends, and studentgeehzontriluted to the deslopment
of PITSA through their encouragement, suppertiriticism, suggestions and
proofreading of the manuscript: Manfred Ba&@aul Bash, Nicolas Deichman, Tho-
mas DreherJulien Frechet, Manfred Heng&homas ktter Michael Korn, Willie
Lee, Anthory Lomax, Hansruedi Maurebieter MayetrRosa, Christian Roehn

(we are still vaiting for the interpolator), Peter Rummel, Haruo Sato, Eberhard
Schmedes, Dieter Stoll, and Peteoifsky. We onve special thanks to Matthias
Hardt, Andreas Rietbrock, and Joachiradsermann for their help with defging
and lut also with the coding of some of the tools.
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Jim Johnson's stay at the Institut fiir Allgemeine und Magelte Geopysik der
Ludwig Maximilians Unversitat Miinchen as made possible through funding by
Lennartz electronic, TUbingen, FRG, and the Institute of Gesipdh of the ETH
Zirich, Switzerland.

In 1991 IRIS becamewolved in the project by pwiding financial support to Jim
Johnson and by loaning us a Susrkstation and a lge hard disk. The Uwnérsity
NAVSTAR Consortium (UM\VCO) also bgan to preide indirect support of
PITSA by praiding Jim Johnson with &i€e space and computer support. Man
thanks go out to Scott &anabe and Myron McCallum of WNCO for helping
Jim deal with numerous UNIX, X-ivdow, C and System Administration prob-
lems.

Personal Note by Fank Sberbaum While | was fighting the memory- and code

size problems on the PC and trying &g my sanity in the presence of DOSabw
more than once close tovgig up the whole project. If there hatibeen the sup-

port by Marie-Jose, the talks with Jim on martial arts and computer programming,
and the music of dm Waits (Well theres diamonds on my windshield and these
tears from heaen...) | certainly would have given up.

Personal Note byames dhnson:l would like to thank Frank for getting this whole
project going. | hee learned a lot and will learn a lot more asorkvon this
project. Sylvia Chamberlain had to put up with my obsedsours behind the
computer screen and without her support and understandiog)d Ware never
survived.
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CHAPTER 2 Softwae Installation

In the typical multi-user computer naivk PITSA should be installed in a system
area by the system administrator so that all users of the systemweithtgess to a
single cop of the programs. In a single-user system PITSA could be installed in a

users wn home area. In thikample, we will assume that the system administrator
will be installing PITSA into the directorjusr/home/pitsa

The PITSA program files and sample data files are distibas a compressed tar-
file named ofpitsa.dist.050193.tar.Z where050193 is the date of the
release. The actual date of the release you use anxkittecentents of the com-
pressed tar files willary slightly from the xample gven here. The file can be un-
compressed and un-tarred with the faflog Unix commands:

cd /usr/home/pitsa
zcat pitsa.dist.050193.tar.Z | tar xvf -
chmod -R a+rX.

The abee commands assume that the directasy/home/pitsa exists and
that the tarfilgpitsa.dist.050193.tar.Z has been med to that directory
After the files hae been un-tarred, the PITSA distriton file can be remead.

In the eent that PITSA comes on some other media, fotlee instructions that
come with it.

2.1 User Installation

Each user who ants to use PITSA will he to male a fev simple changes to her
own ervironment, specificallyto the.cshrc  file in her home directorBecause
its name (lile those of seeral other system files) starts with a doshrc s nor-
mally invisible. The Bxt Editor tool included with Openifdows can open these
files for editing, using the option to shanvisible files. A similar tgt editor should
be aailable under another operating system.

First, the follaving lines should be added to the useshirc  file. The lines bgin-
ning with # are comment lines, soyhman be omitted. Thesev@rnment ariables
tell the operating system where PITSA and #8ous supporting files and second-
ary programs (e.g., HYPO71) reside on the compmiféde’ system. \& assume that
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PITSA has been installed by the system administrator in the dirdassty
home/pitsa

# to minimize typing

setenv PITSAHOME /usr’lhome/pitsa

# puts PITSA in users path

set path = ($path $SPITSAHOME)

# path for pitsa.cfg file

setenv PITSA_CONFIG_PATH_ENV $PITSAHOME/

# path for printer definition files

setenv PITSA_PRINTDEF_PATH_ENV $PITSAHOME/pltdef/
# default printer definition file

setenv PITSA_PRINTDEF_NAME_ENV 8X11_landscape.PS
# path to HYPO71

setenv PITSA_HYPO71 PATH_ENV $PITSAHOME/hypo71

Now the modifiedcshrc file needs to be re-introduced to the operating system
by using the UNIX commansburce . This only needs to be done during a login
session in which theeshre  file has been changed, because the operating system
checks thecshrc file at each login

source ~/.cshrc

Now you are ready to run PITSA.
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CHAPTER 3 Basic Opeations

3.1 Why Yu Should Read the Rest of this Chapter

Even if you are not a dedicated reader of manuals, you shoeldtakime to read

at least this chaptelt will give you the essential information about PITSéser
interface and basic operations which are common to/raBRITSAs tools. Vith
this knavledge you will be able toxplore the may tools and features of PITSA
efficiently.

3.2 Typeface Coventions

We will use the following font conventions in this Manual

Table 3-1. Typeface comentions.

Typeface Usage I

Plain Courier Used for user input, computer outpft,
names of data files and directorigs,
content of data files.

or options.

Italicized Times Roman Used to indicate PITSA menu choicI:s

3.3 Starting PITSA

Assuming someone has installed PITSA according to the instructions in Chapter 2,
you are nw ready to start PITSA.a0 must be in OpeniZdows (or some X-Wh-

dow ervironment). Then type the folling command (in &ommand Tool ,

Shell Tool or xterm window):

pitsa&

The “&” starts PITSA in the background and returns a prompt i@ dinemand
Tool window so you can issue additional commands. Depending on the contents of
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the PITSA configuration file (Appendix B), somettsimilar to that shwn belav
should appear in the windovhere PITSA s started:

PITSAVersion5.0fromThuFeb0215:16:48 MET DST 1999
now loading.....

by
Frank Scherbaum, James Johnson and Andreas Rietbrock

Additional contributions by
Elke Schmidtke, JoachimWassermann, MatthiasHardtand
Matthias Ohrnberger

HEADER: 11744 2936

Configuration path: /usr/home/pitsa/
Hypo71 path: /usr/fhome/pitsa//hypo71
LocSAT path: ./

MENU_POST: <Btn3Up>

MENU_SLCT: <Btn1lUp>

TEXT_MARG: 4

CANVAS_WIDTH: 600
CANVAS_HEIGHT: 400
DRAW_1_COLOR: black

DRAW_2_ COLOR: red
BACKGROUND_COLOR: white
KILL_NOTE: FALSE

SET_FOCUS: TRUE
SET_FOCUS_LOOP: 10

MAX_NOCH: 30

MAX_TRLEN: 8192000

Printer definition file path: /usr/lhome/pitsa//
pltdef/

Printer definition file name: 8X11_landscape.PS

Screen size is; 1152 X 900

Then the PITSA main windoshould appear (Figure 3-1).
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Starting PITSA

Figure 3-1. The PITSA window at startup.

spitsa

Action: Idle Mode: Mormal Hardcopy: OFF

Admittedly, it is not \ery exciting, but soon you will learn he to add some seis-
mological content. The identification “spitsa” in the title bar of Figure 3-1 simply
reflects the name\gn to the recutable file of the delopmental ersion of

PITSA used to makthis screen-shot.

3.3.1 Colormap Allocation Problems

When you issue the command to start PITSA@oanmand Tool window, you
may also see a long list ofanning messages bk

Warning: Cannot allocate colormap entry for "gray79"
Warning: Cannot allocate colormap entry for "gray78"
Warning: Cannot allocate colormap entry for "gray77"

The reason for theseannings is that another program (Framebktak one knen
culprit) which is already running on youovkstation has allocated these colormap
entries. This can cause display problems in PITSA, so if it occurs you should
logout and login aa@in before starting PITSA. If you need to run PITSA simulta-
neously with an dénding program, start PITSA first. The other program will prob-
ably be able todld its own colormap if it encounters a conflict.

3.3.2 Command Line Arguments

There are tw command line guments that can be specified when starting PITSA.
If the-c option is used, the gument follaving the-c is talen to be the name of

a command file (Appendix D) txecute. After the command file is finished,
PITSA will be in its home state. TRE option works in the same ay except that
after the command file is finished, PITSA will terminate. Aaraple might be:

my_machine:/usr/a_user% pitsa -c load_data.cmd
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This example would execute the command filead_data.cm d (see Section
4.2) before alleing the user to makmenu selections.

3.4 Messae Wndows

On occasion PITSA will display a message windwoviding special information
(e.g., an error message, results of an analysis, etc.).

Figure 3-2. A message winda.

T notepopup K
[ Chan: 1 N
Mowing awverage 3,000000 sec [300 pointsl...
(REMOVE)

Message windes come in tw flavors.If a message vanishes automatically after a

Messages sent to the few seconds (“wlatile message”, no further interaction is required. If a message
authors of PITSA does not &nish automatically after avieseconds (“non-eatile message”, it
ShIOli'lld |alvays be non- expects to be ackndedged by clicking th€ ONTINUEbutton.

volatile!

Both wlatile and non-glatile messages can be vad by clicking the left mouse
button in the border of the message and dragging it tavdawation. In Figure 3-2
above, the arrw indicates one place the mouse pointer could be in ordente ano
message.

3.5 Selecting a Menu Item

PITSAs tools are all accessed through menu commantsyhen the program is
started (Figure 3-1), no menus are visible. This is because PITSA uses a pop-up
style main menu.d see this menu, just click the right mousédn while the
mouse pointer is soménere within the PITSA main wineo Press then release the
mouse btton; the menu will not appear until the mousédn is released. When
this is done, the folleing pop-up main menu will appear (Figure 3-3):

Figure 3-3. PITSA’s main menu.

Main Menu

Last Command
’ Routine Tools —

Advanced Tools >
Files/Traces
Utilities
Special Flots
Setup

Quit

il

In the abee figure, the menu itetrast Commandk highlighted. This is because
the mouse pointer is inside the menu items box. The highlighted command may be
activated by clicking the left mouseition.

Except for thd.ast Comman@ndQuit selections, all the menu items in the main
menu hae sub-menus. In order to access these sub-menus, PITSA usdisiag'w
menus’ approach. If the mouse pointer isvetb(no luttons need be pressedkeo
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the arrav to the right of the menu ite
4.

m, amenenu box will appear as in Figure 3-

Figure 3-4. The sub-menu ofRoutine Tools has been actiated by moving the
mouse pointer aver the arrow to the right of the Routine Tools selection.

Main Menu |

Last Command

Adwvanced Tot.l

Files/Traces
Utilities
Special Flots
Setup

Guit

Routine Tools Menu
Zoom
Edit -2
Instrument Correction
Fhase Picking
Magnitudes
Integrate
Differentiate
Baseline Correction —

-3
-3

In the abwe figure, theRoutine Toolsub-menu has been aetied. Notice that

some of the sub-menu selections thenesehae sub-menus (which we resist call-
ing sub-sub-menus). If the left mousétbn were nar clicked while in theRoutine
Tools -> Zoormmenu item, no actionould tale place and the entire menouwid
disappearThis is because tHeoutine Tools -> Zooritem has additional selec-
tions that must be made. In order to makalid selection, the user mustai’ all

the way dawvn to the bottom of the string of sub-menus, which means getting to a
menu item with no arme to the right of it. Figure 3-5 sk the menu after select-
ing the sub-menu dRoutine Tools -> Zoom

Figure 3-5. The Main Menu with two levels of sub-menus actiated. In this
case, if the left mouse ltton were to be clicled, the selectiorRoutine Tools
-> Zoom -> Untapered would be made.

Main Menu |

Zoom Menu

Routine Tools Menu

Last Command
Routine Tools

Zoom

Untapered

Adwvanced Toolg Edit L__Tapered -
Files/Traces Instrument Correction
Utilities Fhase Picking
Special Flots Magnitudes -
Setup Integrate -
Guit Differentiate
Baseline Correction —
I Remember Menu names and options aalicizedin this manual. I

3.6 Dialog Boxes andékt Input

Mary tools in PITSA require the user to enter some additional parameters or infor-
mation. Bxt input is obtained through dialog tesx Unlile message windes,
these cannot be nied.
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Figure 3-6. An example of a PITSA text input window.

Enter time of first sample:

1993 01 01 23 59 59,999 ’
Year Month Day Hour Min Sec,sec

Dec 10th 1989 15:55:34.444 is entered as:

1989 12 10 18 55 34,444

The first line is the general question, felked on the second line by theténput
area which is folleed by an eplanation of the te to be input.

Notice that the te input area is highlighted. This means that thkeitgout windav
has leyboard focus (ankey strokes will be directed to this win#g. In most cases
text input windavs will have keyboard focus when tyeappearlf they do not, you
will have to mave the cursor into thexeinput area.

On mary occasions (as in th&@&mple shan), PITSA will display a dialog box
with some dedult value(s) for the input it isgpecting. You can accept the daflt
value(s) by simply hittinRETURN

If you do not wish to use the @efit value(s), the te in the input winda can be
edited with standarddy stroles, such as the foard and backard arrevs. The
small carot at the baseline before the first character ofxhmpait is the cursor
The following table lists actions that can bedalon the tet input windav. Two
useful actions to remember are th&haft-DEL  will clear the input winde and
a double click with the mouse pointer in thett@put windav will act as a
RETURN

Table 3-2. Editing keys br text in dialog boxes.

->: Move to the net character position on the right

<- Move to the preious character position on the left
BACKSRACE, DEL Delete the last character andvamne position left.
Shift-DEL Clear input windu.

Shift-Click Move to bginning of character at mouse position.
ESC Restore entry field and return to togdeof PITSA.
CR, Double-Click Accept current entry and continue.

3.6.1 Date-Time Formats

Figure 3-6 shas an &ample of a PITSA dialog box which requests the user to

input a date and time. It includes a template for such input, in which each item is

separated by a space. PITSA will accept soan@tions on this format. Here are
the rules which geern the formatting of date-time entries to PITSA, not only in
dialog boxs, lut also in reading ASCII-format data files (Section 5.4.2):

* Year is gven with 4 digits.

* All six elements (yeamonth, dayhout minute, seconds) must begn, in this
order

* The elements of the format may be separated by spaessiailtiple spaces,
or single lyphens or colons. No spaces arevadld around ypphens or colons.

3-6
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Some gamples of Igal date-time specifications:

1998 10 24 10 30 12.512345
1997 9 1 15520.2
1998-5-24 10:30:1

3.7 Dialog Menus

PITSA also gets user input from stand alone pop-up menus. Figure 84 aho
example of a dialog menu:

Figure 3-7. An example of a PITSA dialog pop-up menu.

iy 1

Popup Menu

| Select Moise Meth0d|

Noise Free |

Noisy |

I

I

| <ESCAPE> |
L .

A menu selection is made by simply clicking (left moustdn) on the desired
menu option. Th&eESCAPE>option will terminate the current operation and
bring PITSA back to the main menu state.

3.8 Channel Lists

PITSA oganizes traces by numbering them, starting with 1. Inynt@wis, PITSA

will ask for a channel list to proces® 3pecify the traces that are desired, the user
enters the trace numbers separated by commas. There are also sowiatiaisre
that can be used to select a range of traces.

The colon !’ provides an easy ay to define a range of channels. If the usantas
to read in channelsl up ton2, enteringn1:n2 would be equialent to entering
the complete channel list fronl ton2. (e.g.,1:3 would be equialent to

1,23 ).

The semicolon;'’ is understood as “up to the last channel”. Hende, would
select all channels fromil to the end or the maximum number of channels
allowed. If you vanted to specify all ten traces, yoowld only hae to enter; .

Repeated indices are alled, and channel indices can be specified ynoader

3.9 Applying Dols to Multiple Channels

When a channel list of more than one trace is selected for a tool, PITSA will pop-
up a message windoto ask an additional question after all processing stefes ha
been completed (Figure 3-8). In most tools, a number of selections are made per-
taining to the &y the tool processes a tracer Example, when an FFT is per-
formed, the number of points for the FFT has to be selected. PIV8&u the
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option of applying all the selections thatbdeen made for the first trace to the
remaining traces. This is accomplished by selectingy#eeselection(s) for
remaining tracesAlternately you can hee PITSA ask for the inputlues indvid-
ually for each trace by selectidgk again for each tracdhe<ESCAPE>option
will abort the entire procedure.

Figure 3-8. Additional menu that appears after processing the first trace of a
multi-trace channel list.

T Popup Menu K

| Selectionis) for remaining traces: |

|Use selectionis) for remaining tracesl

| Ask again for each trace |

| <ESCAPE> |
15 2l

3.10 Accepting N& or Processed races

Most of the tools in PITSA either altexisting traces or create weraces. In this
case, PITSA alays requests instructions from the user as to what to do with these
traces (Figure 3-9).

Figure 3-9. Menu that appears after PITSA has either pocessed existing traces
or created new ones.

T Popup Menu K

| What do you want to do with new trace(s)?|

Accept/Append Traces

Accepts/Replace Traces

Ignore Mew Traces

I |
I |
I |
L| <ESCAPE> |.-l'

The Accept/Append Tracemption will cause PITSA to add theméraces to the
current list. In the case that tracesdnheen altered by some processing step, such
as intgration, PITSA can also replace the source traces with the processed traces
with theAccept/Replace Tracemption. If nav traces hee been created, such as in
creating test signals, thewéraces can only be appended. Roeept/Replace
Tracesoption will still appearbut its efect will be the same asccept/Append
Traces Thelgnore New Tracesption will toss out the metraces while the
<ESCAPE>option will abort the procedure. TRESCAPE>option is diferent

from thelgnore New Tracesption in the eent that more than one trace is being
operated on. In the caselghore New TracesPITSA will continue on to the ré
trace in the channel list (Section 3.8) whiEESCAPE>will put PITSA back into

its home state.

3.11 Status Line

At the bottom of the main windothere is a status line (Figure 3-10) which dis-
plays the state of some of the setup options.

3-8
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Moving and Changing the Size of the Main Window

Figure 3-10. The status line at the bottom of PITSAs main window.

Action: Idle Mode: MNormal Hardcopy: OFF

Action indicates what PITSA is currently doing (i.e., plotting, thinking, etc.),
Mode shaws if PITSA is inProgramor Track ModeandHardcopy shaws if the
Hardcopy Modds ONor OFF

3.12 Moving and Changing the Size of the Main
Window

The PITSA main winde can be both mad and re-sized lkstandard Openii

dows applications. The only stipulation is that the PITSA main winsloould

only be re-sized when it is insthome state—all loaded traces are displayed and
the main menu isvailable. If PITSA is resized during the operation of one of its
tools, the actual plotting area will not change until PITSA returns to its home state.

3.13 Function leys

Earlier \ersions of PITSA included on-line cortesensitve help, actiated by the
F1 function ley. This feature is, grettably absent from the currenéssion. An
alternatve stratgy, based on an HTMLarsion of this manual, is beingwidoped.

Of the remaining functiondys, only F2 and F3 are currently used in PITSA, and
they are used for printing functions (Section 4.3.3), sending high- andesolu-
tion screendumps to the printer or to a file. Printing can only be done when the
Hardcopy Modas set tdONusing theSetupmenu (Chapter 4).

3.14 Last Command

PITSA contains a miniature history function which can be used to repeat the last
command which has been selected from the main menu at thedbpfléhe pro-
gram. Simply select theast Commandption from the main menu. Notice, that
this feature only repeats the main menu selectioneber, none of the submenu
selections which may pop up at a later timevédtheless, in mansituations this
feature pruides a cowenient shortcut.

3.15 Quit

SelectingQuit will terminate the PITSA session (Figure 3-11).
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Figure 3-11. The Quit menu option will terminate the PITSA session

Main Menu

Last Command
Routine Tools —
Advanced Tools >
Files/Traces
Utilities
Special Flots
Setup

il
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CHAPTER 4 Setup

This chapter describes\Wido use theSetupmenu options @ble 4-1), which con-
trol how PITSA looks and acts. Aspects of PITSAehaior which may be modi-
fied fall into four main catgories:

¢ Choice of screen colors

* Running PITSA in a semi-automateshion usind’rogram modendTrack
mode

* Saving screen shots as graphic files or sending them to a printer
* Whether or not to replot all traces after an action has been performed.

The current settings for tHierogramor Track modes and the hardoppption are
always shavn in the status line at the bottom of the main screen.

4.1 Color Settings

On a color monitgrthere are three dérent colors which you may set to change the
visual appearance of the PITSA plotting screeabld 4-1). V&'ll demonstrate this
by shaving how to change the setting Bfrawing Color 1

4.1.1 Example: Changing the Drawing Color 1.

¢ Select theSetup -> Drawing Color bption.

* After this selection is made, the entire PITSA winwdaill be painted with the
currentDrawing Color 1(the deéult is black). ® change the colpclear out the
entry in the tgt window and type the name of the color yoan. The tgt win-
dow can be quickly cleared by typing<&hift><DEL> . For example, if you
want theDrawing Color 1to be yellav, simply type that into the xéinput win-
dow as in Figure 4-1.
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Table 4-1. Menu selections gailable under Setup.

Menu Selection

Description

Background Color

Changes the background color

Drawing Color 1

Changes the color PITSA uses for all primary graphics.

Drawing Color 2

Changes the color PITSA uses for all secondary graphics,
including things lile resulting traces, phase picks, etc.

Program Mode

If Program Modseis not currently on, this selection turns on t

command file is closed aftogram Modss turned df When
PITSA is inProgram Modeall commands and input are stor
in a command file that can be later re-played Witick Mode

e

Program Modelf Program Modés already on, then the curregt

d

Track Mode

Track Modeexecutes a command file that has been created
while PITSA was inProgram Mode

Hardcoly Mode ON

Turns on thHardcopy Mode—a screendump can be created
pressing thé2 key. WhenHardcopy Modas on, plotting is
slowed davn considerably and thus it is preferable ¢ejix
Hardcopy Modeoff until it is needed.

| 24

Hardcoy Mode Of

Turns PITSAs Hardcopy Modeoff.

Double Fnt Size

ful when creating hard copies in order to gegdautext.

Normal Font Size

Turns of the Double Font Sizeption.

Turn Plot All On

By default, PITSA replots all channels currently loaded afte
every operation is completeoFa lage number of traces, this
can tale a long time. This option can be turnefiwaith Turn
Plot All Off (next selection) and on with this selection.

Will double the size of t& on the computer screen. This is uT-

Turn Plot All Of

Turns of the Plot All option as described abm

Figure 4-1. Text input window that appears br changing Drawing Color 1.

Enter the name for the new Drawing 1 color:

yellaw

The current Drawing 1 color is being displayed

After you hitEnter , PITSA will fill the windov with the color you selected
and prompt you with the folleing question Take the new Drawing 1

color? (y/n)

" (Figure 4-2).

Figure 4-2. Text input window to verify the new Drawing 1 Colot

Take the new Drawing 1 color? (y/nl

If you like the color choice you made, you canREETURNand it will be
accepted. If you donlike the coloryou can entem” and re-enter the color
you want. As with all input windars in PITSA, you can hit thESCkey to can-
cel the operation.

4-2
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Program and Track Mode

4.2 Program and Tack Mode

TheProgram/ Track Modecombination is a peerful way to process lge

amounts of data routinelfspecially if the same sequence of operations is needed
with different data files, i with only slightly diferent input parameters for each
file.

If Track Modeis set tdON PITSA is running under partial control of a so-called
command file which contains the sequence of operations PITSA should perform.
Normally the command file that igecuted is created by recording steps that are
taken in PITSA while thé°rogram Modds on. The tw modes are analogous to
record and play on a cassette tape deck. Commands are recorded whikeran the
gram Modeand then later played back in theack Mode TheProgram Modés a

little more sophisticated than simply recording steps since conditions can be placed
on some input so that when the command file is played baaiaak Mode some

input windavs will not appear

To setProgram modéo ON selectProgram Moddrom theSetupmenu. Yu will

be askd to name of the command file you are creating. After you engdida v
Unix file name (e.gtest.cmd ) you can proceed to perform the sequence of
operations you ant to perform. Commands and input are recorded in the com-
mand file until theProgram Modes toggled tdOFF, by selectingsetup-> Pro-
gram Modeagnin from the main menu.

If the command file name you specified alreaxigts, the follaving menu dialog
will appear (Figure 4-3):

Figure 4-3. Menu dialog that appears if the command file specifiedf Program
mode already exists.

Popup Menu K

| File Exists! |

|Re—enter File Namel

| Overwrite file |

Append |

I
| <ESCAPE> |
15 2l

Re-enter File Nameiill return you to the tet input windav that asks for the file
name,Overwrite Filewill erase the current file and start ‘recording’ at thgifbe
ning of an empty file, andppendwill append to the end of thaisting file.
<ESCAPE will cancel the operation.

The directory that PITSA will use to read and write command files will initially be
thedirectory whee PITSA was starte@his directory can be changed by selecting
Files/Traces> Change DirectorySection 5.3).

The command file is an ASCIIxefile which can be viged with ary text editor
For information on the format of this file, see Appendix D.

The command file can beeruted at antime by toggling th@rack Modeto ON

by selectingSetup-> Track Modefrom the main menu. PITSA will ask for the
name of the command file to process (¢ast.cmd ). Once a alid file name is
entered (one thakists and is in the correct format), PITSA will be run under con-
trol of the command file.
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4.2.1 Re-prompting for Input with the “?” K ey

There von't be may procedures that will be repeated wiktaetly the same input
parameters for all the input required. Usually you walnivto define a procedure
where some of the input parameters will bedixvhile others are specified interac-
tively. This is quite easy to do Program ModeByYy default, PITSA (inTrack

Modsé replays all tet input exactly as it vas typed whildProgram ModenvasON

In fact, PITSA does nowen pop up the input winel since it already kwes what
the input should be.dfforce PITSA to re-prompt for input at a certain step, the
corresponding ta that you input while ilProgram Modeshould be preceded with
a question mark?’. PITSA will strip off the question mark before using the input
(for the current process) and neak note in the command file that this input should
be acquired from the user interaety when the command file ixecuted. While

in Track Mode all the input which s not preceded with &“will have disap-
peared and the correspondirajues will be tagn from the command file.

4.2.2 Input fr om a Text File with the “~” K ey

PITSA can also be directed to read parameters frout éilee While inProgram
Mode instead of giing the answer to a question direcilpu can enter the file
name of a file where PITSA will find the answer; to tell PITSA that you are refer-
ring to a file, precede the file name with a tilde PITSA will read the first line of
this file and assume it contains the answer to the question beéedy &skill then
create a n# file with the same name with the first line stripped-a?ITSA “con-
sumes” one line of thexefile each time it needs that particular input parameter

This input file must st before using the “~"dy option in eitheProgramor

Track Modegas the input file is stripped of the first line in both modes. Therefore it
is not easy to see tWwoone can create the file at all. If you knBITSA well

enough, you might be able to construct the file direettyvever, you can also

build input files while running PITSA iRrogram Modeby editing the input file

and a “master input file” in tavother Unix winda/s while issuing commands to
PITSA. When PITSA requiresxefrom the input file (because you used the “~"
key), you would cojy a single line into the input file (before hitting tRETURN

key), and also append the line to the end of the master input file. Afterageam
Modeis finished, the master input file can be copied to be used irdbk Mode

4.2.3 Looping in Track Mode

It is sometimes useful to run PITSA in a semi-automated endless loop, and this can
be done with the modifieregs introduced abee. The basic technique is to enter
Track Moddrom within Program Mode Then enter the name of the command file
currently being created as the name of the command file to read from. In this case
PITSA will turn theProgram ModeOFFand start xecuting the command file

from the bginning inTrack Modeyepeating the operations thatbaust been per-
formed. Whereer input vas preceded with &’, the user will be astd for nev

input, while the other parameters arectarom the command file. Wheer input

was preceded with &*, PITSA will read the first line of this parameter file and

take it as the answer to the question beingdsRs soon as thierack Modegets to

the bottom of the command file, it will inénd” the command file and startaig.

This is not really an endless loop if input is beingtakom a file since after each
input item is takn from the file, it becomes one line shorentually the input

file will become empty and@irack Modewill terminate with an error (Figure 4-4):

4-4
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Program and Track Mode

Figure 4-4. Err or message displagd when the input file becomes empty while
in a Track Mode loop.

Error reading input,.fil. Mode set to MNormal
| CONTINUE

4.2.3.1 Example: Looping witA'rack Mode

Suppose you had 5 ISAM file systems with a single trace in each file on which you
wanted to perform a baseline correction fakal by an intgration. for this exam-

ple you should use the test signals utilities (Section 8.1) to create 5 ISAM files with
namesTLOOP1throughTLOOPS and sae them in a directory name@modata

belov the PITSA directory

Issue the follwing commands to start PITSA.

cd ~/pitsa/demodata
cp input.sav input.fil
rm testloop.cmd

rm tloop?n.*

pitsa&

What we just did &s to change into the directory where the demo data fikes li
and create a file namatput.fil that contains the names of theefil6AM file
systems we ant to operate on (you could also use yauofite editor to do this).
Then we deleted files thabowld hare been created if thixample had been run
before, and started PITSA. The filput.sav  is the master input file that we
don't want destrged, which is wi we made a cgpof it to ‘feed’ to PITSA. Yu
should viev the contents ahput.sav  so you can foller along with what is
being input to PITSA amput.fil is being consumed. The input file has the
ISAM file names listed twice since we will first read them in (requiring the file
names), operate on them, themesthem (agin requiring a file name). &\started
PITSA in the background so that the Unix windim which PITSA vas started
would not be tied up. Once PITSA has started,arthk follaving menu selec-
tions:

¢ SelectSetup-> Program Mode

* Entertestloop.cmd as the name of the command file.

e SelectFiles / Traces> Retrieve Files>ISAM

¢ Enter~input.fil for the name of the ISAM file.

* SelectRoutine Tools> Baseline Correction> Offset Removal

e SelectAccept/Append Traces

¢ SelectRoutine Tools> Integrate-> Tick’s rule

* Enter2 for the channel to process.

e SelectAccept/Append Traces

* SelectFiles / Traces> Save Files>ISAM

e Enter~input.file for the name of the ISAM file system.

e Enter; for the channel list to write. This will be the datt.

¢ SelectSetup-> Track Mode

* Entertestloop.cmd as the name of the track file.

e SelectCONTINUE
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When we start tracking the command file that we aiieling, PITSA will execute
the commands in a loop until all input is ¢éakfrom the input file and an error mes-
sage will appeaiOnce the command file finishes, there will be & HRAM file
systems with three traces in each file system (the original trace, the tracdseith of
removed, and the ingrated trace).

4.2.4 Using the Default \alue of Input with the “$” K ey

There is one morexeinput modifier that can be used to controltitbe Track
Modedeals with tet input. If the first character of the line is a dollar sighthen

the deéult value that is passed to thettéput windav from PITSA will be used.

This can be useful when creating command files that will be used on data sets of
unknawn length. Br example, suppose it is desired todake FFT of antrace. If

the number of FFT points is entered as a specific nyritzer the FFT will abays

use the same number of points. Ifweger, the $’ modifier is used, then thelue

that PITSA calculates for the number of points for the FFT (calculated as the mini-
mum paver of 2 that ceers all points) will be used.

Table 4-2. Input modifiers for text input windows in Program and Track Maode.

Input Modifier Description

? <text> WhenTrack Modegets to this input winda, it will stop
and re-ask the question instead of using tkieitgut.

$ <text> WhenTrack Modegets to this input winde, it will use the
default text passed into thexewindow instead of the t&
input.

~ <file name> Input will be obtained from in input file named after the

This is true for botfrack and Program Mode

4.3 Saving Imges fom the Saen

Several options in the Setup menu relate t@gyvmportant task—sé@ng screen
images, either as printed hardgap as graphic files. 8ig a graphics file to the
hard disk is considered to be another form of “hargitop

4.3.1 Hardcopy Mode

In order to ma& hardcopies, PITSA must first be in the hargampde. This is
achieved by selectingetup -> Hardcopy QrOnce the hardcgamode is on, you
can mak a hardcopat ary time by hitting thé=2 or F3 function kys (the difer-
ence is gplained in Section 4.3.3). This will cause ay@fthe current screen
image to be written to a screendump file or to the printer diréthen the hard-
copy mode is on, PITSA will be quite a bit sler displaying graphics. This is
because PITSA hardcopies are not simply pbdumps of the screen. PITSA
stores all the information needed to generate high resolutitionplots of the
screen, which means that PITSA has to record a lottad @nformation in tempo-
rary files which slars davn the graphics. In order to turn the hardcamode of,
selectSetup -> Hardcopy Mode Ofifom the main menu.
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4.3.2 Hardcopy Destination

WhenSetup-> Hardcopy Mode Otis selected, the user will be askseeral ques-
tions. The first question will wa to do with where the screendumps are sent, either
directly to the printer or to a numbered file. The felleg menu will appear:

Figure 4-5. The menu dialog pop-up that appears wheetup -> Hardcopy
Mode On is selected.

T Popup Menu K

| Select Output MethDd:|

To Printer |

To Humbered File |

I

I

| <ESCAFPE> |
Ly

T

If you select th& o Printeroption, PITSA will then ask for the name of the plotter
definition file. This is the file PITSA uses toilol printer commands. PITSA
expects this file to be in the directory defined by the systamalve
PITSA_PRINTDEF_PATH_ENY which you defined in yourcshrc file.
PITSA will insert the defult printer definition file name that is defined by thé-en
ronment ariablePITSA_PRINTDEF_NAME_ENMvhich should also be in the
.cshrc file, bhut others could be defined as well.

Figure 4-6. Text input window that asks br the name of the plotter definition
file.

Enter name of plotter definition file:

JA8x11_landscape.F3

The debult printer definition file which comes with the standard distidin of
PITSA is calleBX11_landscape.PS . This printer definition file will generate

screendumps compatible with standard PostScript printers using a page size of 8-1/

2 x 11 inches in landscape mode.

After the plotter definition file has been specified, you can send a screendump to
the printer at antime by pressing the F2 or F8ys (Section 4.3.3).

Note: In order for the hardcogpfeature to wark correctly the user must maksure
that the printer configuration file contains the correct information (see Appendix
C).

4.3.2.1 Writing Hardcopies to Seendump ffes

If To Numbered Filés selected in Figure 4-5, then an additionst itgput windav
will appear This text input windav will ask for a base filename to use for the plot
output files, which will be stored in the current directory byadif The file names
will be based on the specified base filename, startingphdtbut<base-
name>.001 for the first file angblotout<base-name>.002 , plot-
out<base-name>.003 , etc. for subsequent files.

As with the printer option discussed &bpthe F2 and F3&gs are used to 8a a
screen image to a file (Section 4.3.3).

You can print the screendump files using the Unix comrpand To print the file
test1.001 , type:
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Or perhaps your eyes
are going bad from
staring at computer
screenstoo long!

lpr test1.001

If a screendump file is a PostScript file, then it can beeadewith thepageview
program (preided with Surs OS) (Figure 4-7).

Figure 4-7. A PostScript screendump file viewed with the pogram pageview .

CHE 87041007582
rrrrrrogrrrrr T T T T T T T T T T T T T T

9999,

E WEL

-9480,
9734,

N OWEL

—9999,
7897,

Z WEL

999900 il v
0.0 5.0 10.0 15.0 20 .
TIME [secl

o
[\
0]
o]

4.3.3 Use of the F2 and F3 Function €ys

To send the current screen image to the printeneriséo a file, press the F2 or F3
function key. The F2 ey makes a high-resolution image—all thector draving
information is retained and used. The [E@ iknplements a la-resolution format, a
bitmapped image from the screen.v@uisly, file sizes will be smaller and print
times will be shorter with the F3 option.

4.3.4 Doubling the Font Size

When screen images are created—especially whgratkeeto be printed or wad
to a file—it is sometimes desirable to increase the font size soxthit teore Ig-
ible. This can be easily accomplished by selecliatyp -> Double ént Size
When this item is selected, all characters will be doubled in sizexaknge of the
effect of this option is shen in Figure 4-8 and Figure 4-9.
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Figure 4-8. A sample display with normal ont size.

r[j pitsa R
CHE 87041007582
9999, 0 T T T T T T T T T T T T T T T T T T T T T T T TT]
1
[FN)
=
[FN)
9450,
9734,
1
[FN)
=
=
-9999,
7897,
1
[FN)
=
™~
=== T T O Y O A B
0.0 5.0 10,0 15,0 20,0 25,0
TIME [gecl
Action: Idle Mode: MNormal Hardcopy: OFF

Figure 4-9. Same as Figue 4-8 with the bnt size set to double.

"= pitsa K
CHE 87041007582

] EHEHEHEH . [j TTTTTTOTTTTTTTTTTITTITTITTTITITT

= (1)

1 —9450, 0

, 9734.0

= (2)

Z —9399,0

, 7897.0

= (3

- _-EHEHEHEH + Ej Lot ettt ettt
0.05,000,25,Q0,05,0

TIME [sec]
fction: Idle Mode: Mormal Hardcocopy: OFF

In Figure 4-9 the time labels on the x-axi®dap because of the tgr font size.
The windav could be made Iger so that the numbers do ngedap. On the
screen, the characters look roughwéeer, when a screendump is created, the
characters will be plotted smoothly
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4.4 Plot All Flag

PITSA normally replots the screen afteyaperation which causes the screen to
change, no matter hwinsignificant the change. Although wevidried to reduce
the plotting @erhead as much as possible, in some cases (e.qg., if yoorkiegv
with a lage number of long traces) you magint to awerride PITSA's defult
behaior. Setting thePlot All flag toOFF prevents PITSA from replotting the main
screen after each processing functiamrning thePlot All flag OFFdoes not déct
ary other plotting operations.ov can turn dfthe Plot All flag by selectingetup-

> Turn Plot All Offfrom the main menu and turn it on by selecB®jup-> Turn
Plot All On When thePlot All flag isOFF, PITSA will display a message wingo
shaving hov mary traces are currently loaded.
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CHAPTER 5 Files and Taces

This chapter ceers basic trace management and file 1/O options in PITSA. Here
you will find information on he to load and sa& data from and to disk, andviato
copy, rearrange, or delete data traces.

Specifically this chapter ogers the commands and optionsitable under the
Files/Tracesmenu:

Table 5-1. A list of the options available under Files/Traces.

Menu Selection Description I
Change Directory Changes the directory PITSA uses to read and write data iles.
Retrieve Files Retrieve data files from disk, replacing all current traces. I
Save Files Saves a useselectable list of currently loaded traces to disll.

Add Traces From Flle| Retrieves data files from diskubunlike Retrieve Filesnew
traces are appended to the current list of traces.

Copy Traces Creates copies of selectedsting traces.
Rearrange fces Rearranges the display order afsting traces.
Delete Taces Remares selected traces from memory (not disk).

5.1 Data Traces within PITSA

A data trace within PITSA consists of a collection of informati@ptkvithin a data
structure (C language). The pointer to the actual trace is just one of the elements of
this 'data header'. Other elements contain plotting information (e.g., the current
zooming information, labels, etc.), station information (coordinates, name, etc.),
event information (coordinates, magnitudes, etc.), and record information (time of
first sample, sampling rate, phase picks, etc.). Some of this information is essential
to PITSA (e.g., the sampling rate), others are only used occasionally (e.gd pick
phases).
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5.2 Supported Fe Formats

PITSA currently supports geral standard file formatsybnot as mapas some
earlier \ersions of the program. In particylaupport for SEED and SUDS is no
longer praided. The main reason for this reduction in scope is tfiewdtf/ in
maintaining support for multiple formats which are themsglndegoing contin-

ual evolution. The issue of supportingrious popular formats is ver finally

decided, havever, and it is possible that some of these formats couleraakturn,

or that nev ones will be added. The authors welcome your commegdsdiag file
formats which should be supported, and especially your source codes for imple-
menting those formats. Currently PITSA supports theviolig types of data files:

Table 5-2. Types of data files supported by PITSA.

Format Name Description I

ISAM Indexed SequentialAccesdM ethod. This is PITSA natve
data format and all header information, such as scalinggand
zooming parameters, are stored in this type of data fil

ASCII This format contains data points, one per line, in an edl-
able ASCII tat file. In addition to the data points, a min
mal amount of header information is required.

GSE The GSE wveform format is an ASCII file format and
therefore platform independent. It contains a one or tw
line short standardized header (assw8pecified by the
GSE group), the data sections and a checksum entry & the
end for \erification purposes.

5.2.1 The ISAM Database File System

On disk, data aredpt in an ISAM [ndexed SequentialAccesdMethod) database

file system fordist and easy access. ISAM file systems consist of at least three files:
two files containing the headers and the xirg information for all the traces and

one trace file per channel. The trace file is simply a binary image of the floating
point data which—in principle— can be accessed independdatitijles in an

ISAM file system hee the same filename base, anfkdént extensions to indicate

their function. Thextensions arenx0 and.dt for the database files, ariD1 ,

.002 , etc. for the trace files.

5.2.2 ASCII Text File Format

In addition to ISAM file systems, PITSA can read and write data files in a plain
ASCII text file. A number of header fields are defined for this formatnbne of
them are required—only a special line must appear at thiertieg of each trace.
The trace data arewvgin, one point per line. ASCII files can contain multiple data
traces.

5.2.3 GSE Format.

In the Conference on Disarmament an Ad Hoc Group of Scientific Experts (GSE)
was established in 1976ovking on the task of ging guidelines for international
cooperatre measures to detect and identify seisménts for the use of monitor-

ing a Compreheng Test Ban Teaty Since then the GSE hasvdioped seeral

data echange systems which\reabeen widely tested in batechnical tests
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(GSETT1 and GSETT2). The complete GSE message conceps édl@axchange

quite more information than only seismiemgform data. Havever at this point we
refer in our contet only to the GSE aveform format and in Chapter 6.3 to the for-
mat used for specifying calibration (instrument response) information. GSE is
widely used and at present implemented in most AutoDRM systems for quick and
reliable dataxechange wrldwide. There xist several subformats inside GSE, the
most common are supported in PITSAr & further description see Appendix E.

5.3 Changing Diectories

The directory that PITSA will use to load andesaata files will initially be the
directory whee PITSA was startedhis will also be the directory where PITSA
will read and write command files for tReogramandTrack Mode This directory
can be changed by selectiRijes/Traces> Change DirectoryWhen this selec-
tion is made, the follwing text input windav will appear (Figure 5-1):

Figure 5-1. The Change Ditectory dialog window.

Enter the new path name for data files

S

Current path is ./

To enter a n@ directory typeShift-Delete to clear the deiult entry and then
type the desired pathaths can be either relati or absolute.

Note that PITSA does ndtexk that the path you specified is valid! If yoe aub-
sequently unable to load the files you want, doub&sicthe diectory path whik
PITSA is using

5.4 Retrieve Hles

In order to read in data from disk, start PITSA from the directory containing the
data (or use th€hange Directoriesommand) and seleBetrieve Filesrom the
Files/Traceamenu. The user will be prompted for the file type. Rietrieve Files
command will first clear PITSA of grcurrently-loaded tracesrdces may be
added to the currently-loaded set usingAldd Traces from Filenenu command
(Section 5.6).

5.4.1 Reading Data Fiom ISAM File Systems

To read data from an ISAM file system, sel&AM as the file type with the
Retrieve Filesnenu command.od will be askd to enter the name of the ISAM
file system. Enter only the basename withoytedension.

If you have selected aalid ISAM file name, PITSA will check for theistence of

the corresponding files on disk, nea&k consisteryccheck and determine the total
number of traces within the file system. Then you will be prompted for the channel
list to load. See Section 3.8 for details of channel list specification.
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5.4.1.1 Example: Reading ISAM files.

For this kample, we will load in an ISAM file system namedm1 that is stored

in thePITSA/ demodata directory You should hee receied a sample dataset
with the PITSA distrilation, kut it will not necessarily be the same one. Therefore,
substitute the appropriate path, file names, channel numbers, etc., fowpour o
dataset in the commandsegn belov:

* SelectFiles/Traces> Retrieve Files> ISAMfrom the main menu.

e Enterisaml as the name of the file system.

PITSA will now be asking for the channel list to load. In order to read in channels
1,3,4,5,2,9, 10, 11, and 12 from tlxample file system, entet;3:5,2,9;

followed by aCR(Figure 5-2).

Figure 5-2. Abbreviated channel list selectiondr trace input.

Enter channel list to load: (; loads all}

1,3:5,2,9;

file: isaml

no, of channels: 12

Next, PITSA will check the file system for internal consisieand &tract the data
headers corresponding to the selected channels. Finally it wilveethie data

traces and display them on the screen (Figure 5-3). Of course your display will be
different if you used a ddrent dataset. Notice that PITSA re-numbers the traces
starting with 1.

Figure 5-3. Reading a selected number of channelsdm an ISAM file system.

r[j pitsa K
RCOD START: 1989/10/23 00:29

623,
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(33
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(73
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a (93

CAD JAL HCA HJIG HPRE JEC HGW JPL CRP

oo oo OO0 oo OO0 o0 OO0 OO OO O

o] 5.0 10,0 15,0 20,0 25,0
TIME [sec]
Action: Idle Mode: MNormal Hardcopy: OFF
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5.4.2 Reading Plain ASCII Files

To load a plain ASCII datafile into PITSA, select opthdBCllifor the file type with
theRetrieve Filesnenu command. In addition to the datdues which are stored
one per line, optional header information may be included at the top of the file. A
line containing header information starts with a hash (#) symbolwetommedi-
ately by the name of the header parameter touemga space, and thalue of that
header parametdt is required that each tracegirewith a line containing a hash

(#) symbol in the first position. This may be felled by header information, or the
remainder of the first line may be blank. Header information mawee @i ary

order

Although it is possible to read a file of trace data with no header information, this
will seldom be a useful option for @hing eccept demonstration purposes. PITSA
will use detult values for ap parameters it requires for plotting or other functions.
At the \ery least you will probably ant to specify the sampling rate (PITSA uses
100 sps as datilt) and the start time of the trace.
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Table 5-3. Header Fields Defined ér the ASCII File Format

Header Field Definition

EVT_X Event longitude or x-coordinate (glees or km)
EVT_Y Event latitude or y-coordinate (geees or km)
EVT 7z Event focal depth (km)

EVT_COORD_TYPE

Event coordinate units:
0 = deyrees/dgrees/km
1 = km/km/km

EVT_TIME

Origin time (see Section 3.6.1 for formats)

EVT_COMMENT

Comment (39 characters max)

EVT_AZ

Azimuth (epicenter to station)

EVT_BACK_AZ

Back-azimuth (station to epicenter)

EVT_HYPO_DIST

Hypocentral distance (km)

EVT_EPI_DIST

Epicentral distance (deeces)

EVT_TYPE

E.g., “Local”, “Tele” (5 characters max)

EVT_LOCAL_MAG

Local magnitude (M)

EVT_BODY_WAVE_MAG

Body wave magnitude (i)

EVT_SURRCE_WAVE_MAG

Surface vave magnitude (M)

EVT_DURATION_MAG

Duration magnitude ()

EVT_MOMENT_MAG

Moment magnitude (\f)

START_TIME Trace start time (see Section 3.6.1 for formats)
SAMP_FREQ Sample frequenc(samples/sec)

NDAT Number of data points

STA_CODE Station code (5 characters max)

STA_CHAN Channel code, e.g., bhz, spn (5 characters max
STA_TYPE E.g., “WWSSN"” (7 characters max)

STA_X Station longitude or x-coordinate @fees or km)
STALY Station latitude or y-coordinate @®es or km)
STA Z Station elgation, km

STA_COORD_TYPE

Station coordinate units:
0 = dgrees/dgrees/km
1 = km/km/km

STA_COMMENT

Comment (39 characters max)

STA_LOCATION_NUMBER

Station location ID code (inger)

INSTRUMENT_NUMBER

Instrument ID number (intger)
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Reading ASCII files gies you the fhebility to quickly visualize a wide ariety of
data types. Hwever, in order to use the full peer of PITSA you may ant to pro-
vide more information (e.g., label settings, station andfentenformation, etc.).
You can set most of the header parameters from within PITSA usiktptuer
Accesoption from theJtility menu.

5.4.2.1 Single Tace ASCII ke

The following lines shw the bginning of an ASCII format data file containing a
single trace (although it could just as well be thgifréng of a multi-trace file),
including a number of header items. Avfpoints of the trace data are shmoafter
the last header line.

#SAMP_FREQ 100.163937
#START_TIME 1989-10-24 10:42:23.391325
#STA_X -121.096001

#STA_Y 36.661301

#STA_Z 0.488000

#STA_COORD_TYPE 0

#STA_CODE BEMV

#STA_CHAN spV

HEVT X -121.714729

HEVT_Y 37.227287

#EVT_Z 0.000000

#EVT_COORD_TYPE 0

#EVT_TIME 1989 10 24 10 42 23.391325
-57

-53

-55

-59

Note that diferent formats hae been used to input date-time parameters for the
header fieldSTART_TIMEandEVT_TIME. See Section 3.6.1 for a discussion of
legal formats for these fields.

An example of the bginning of an ASCII data file with no header information is
given net:

#
11715
7662
6470
7424
6708
7900

After PITSA processes the file, you will be shlothe channel selection dialog box
as usual—in this case it will contain only a single channel.

5.4.2.2 Multiple Trace ASCII e

Multiple-trace ASCII files can be constructed by concatenating single-trace ASCII
files. No additional header fields are required.
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A simple multiple-trace ASCII file is illustrated in the fallimg lines:

#START_TIME 1997-01-31 02:44:35.000000
#NDAT 18000

#SAMP_FREQ 100.000000

#STA_CODE MIE_

11715

7662

6470

(17994 poi nts not shown)

-2112

-1397

-1874

#START_TIME 1997-01-31 02:44:35.000000
#NDAT 18000

#SAMP_FREQ 100.000000

#STA_CODE NUN_

-3748

-2317

-1364

(17997 poi nts not shown)

After PITSA processes the file, you will be shlmothe channel selection dialog box
as usual.

5.4.3 Reading GSE rmat

PITSA is able to read GSE files in single-trace or multi-trace filesets, not all
possible flaors of GSE are supported. The currently supported format types are
given in Table 5-4. Br corversion between diérent flavors of GSE, please use the
corversion routine ‘codeco’ from Urs Kradolfer (for more information ornveon
sion utilities, please see http://orfeus.knmi.nl/agewices/coversion.html).

To load a GSE datafile into PITSA, select opt@BEfor the file type with the
Retrieve Filesnenu command. If the GSE-file contains more than one trace the
user is asid for the channel list to be loaded.

Table 5-4. Supported formats of GSE in PITSA

GSE format GSE subbrmat Differences
GSE1.0 CMP6 (6 bit compressed ASCII) 0-2
GSE1.0 INTV (variable intger format, 0-2
ASCII)
GSE2.0 CM6 (6 bit compressed ASCII) 2
GSE2.0 INT (integer format, ASCII) 0
5.5 Save Hes

The user can write trace data from PITSA to disk in either ISAM , GSE, or ASCII
format.
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5.5.1 Writing an ISAM File System

First the user selectfSAM as file format from th&ave filanenu. N&t, they enter

a\alid file name for the me ISAM file system without>x@ension. Before writing

the data to disk, PITSA will check for theigtence of a file system with that name.

If it finds one, the user will be asd if they want to append to it (enter letty,

overwrite it (enter letteo), or cancel the whole output (enter leftefior ignore or

hit the<Escape> key). If the user has selected thesonrite option it may tada

couple of seconds to delete all the corresponding files, depending on the actual size
of the file system.

Next, the user will be agld for the list of channels to write (Section 3.8). During
the trace output, you will see note wimgdopopping up, informing you about the
trace file names currently being written.

5.5.2 Writing ASCII Files

To save the currently loaded traces in ASCII format, seA&ClIlas the output file
format from theSave Hes menu. In a submenu you can specify if yaanito

write all channels to a single file - single file option - or each selected channel to an
extra file - multiple file option. In the multiple file selection each file will get an
automatically createdxéension :axx ', where Xx’ is running from 01’ to

‘99’ . You will be askd to enter a filename and the channel list of selected chan-
nels to write. If the specified file name alreadists, PITSA will ask you forer-

write permission.

PITSA will write all available header information for each trace to the file, includ-
ing ary header fields defined during processing withHeader Accessommand.

5.5.3 Writing GSE Files

To save the currently loaded traces in GSE format, s&é&fEas the output file for-

mat from theSave Hes menu. As for the ASCII output either a single file or a mul-
tiple file can be written according to your selection in the ¥alg sub-menu. Su

will be asled to enter a filename and the channel list of selected channels to write.
When writing multiple files, each file will get an automatically creaxtension as

‘.gxx ', where Xx'is a running from01’ to ‘99’.

The type of GSE chosen for writing isvgn by four entries in the pitsa.cfg file,
named GSE_1 or GSE_2, GSE_FORM, GSE_NDGFHE_RESOL. Here you can
select between the subformats of GSE asrgin Table 5-4. A more detailed
description of these entries is to be found in Appendix B. If no entries could be
found in the pitsa.cfg file then GSE1.@rMable Intger format INTV and 2nd dif-
ferences with a resolution of 16 are used aaudefalues.

PITSA will write all available header information for each trace to the file, as long
as thg are used in the GSE format.

5.6 Add Taces FFom Hle

Selecting this option will all the user to read additional channels into PITSA
from an ISAM, ASCII or GSE file and append them to the currently loaded traces.
If you load traces with thRetrieve File®ption, PITSA first clears out all th&ist-
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ing channels before loading in theanehannels. Usinddd Traces from Fileyou
can combine traces from fiifent file formats, e.g., adding traces from an ASCII
file to traces currently loaded from an ISAM file system.

When you selecAdd Traces from Fileyou will be askd for the name of the file

from which to add traces, and then for the channel list of the channels to add. Ne
traces are alays appended at the bottom of the screetthsy can be re-arranged
afterwards (Section 5.8). Figure 5-4 si®the result of loading three channels, and
then using thé\dd Traces from Fileommand to add three additional channels

with different sample rates. PITSA adjusts its labeling depending on the sampling
rate and the trace length.

Figure 5-4. Adding traces from an ISAM file system.The top thee channels
were loaded first.
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5.7 Copy Taces

It is often useful in the research or educational cdariteduplicate a trace for fur-
ther (or alternatie) processing. This is done with tGepy Tracesnenu Com-

mand. When you select this command, you will beeddgkr the source channel list
(to copy from) and the destination channel list (to gd@). The number of chan-
nels in these lists must match. Undefined traces are filled with copies of the first
trace. Existing traces will bever-written if they appear in the destination channel
list.

Figure 5-5 shas the result of usinGopy Traceso duplicate channels 1 and 3 of
Figure 5-4 into channels 8 and 9. Channeks wot defined in the process and it
was filled automatically by another gopf channel 1.

5-10
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Figure 5-5. lllustration of Copy T races.
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5.8 Rearange Traces

TheRearrange Tracesommand allas the user to rearrange the order of traces on
the screen (e.g., to change the sequence of a three-component recoettical) v
N-S, E-W to E-WN-S, \ertical). The user must only enterasets of channel lists,

corresponding to the current and the desired sequence. The number of channels in

the two lists must, obiously, be equal. No traces are created or dgsttavith this
command. Figure 5-6 stws the result of interchanging the traces 7-9 with traces 4-

6 in Figure 5-5.
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Figure 5-6. Using the Rearrange Taces command to exchange the positions of
traces 7, 8, and 9 in Figue 5-5 with traces 4, 5, and 6 aspectvely.
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5.9 Delete Taces

This option is used to reme selected traces from PITSAnemory After select-
ing Files/Traces> Delete Tracesyou will be askd for the channel list of traces to
delete. After deletion, traces will be lost from memory and can only beatb
by re-loading from the hard disk (if théave been sa&d) or some backup
medium. Disk files araot affected by this option. & must use a Unix command,
outside of PITSA, to delete a file from disk. Figure 5-Aghthe result of using
Delete Traceso remwe channels 4-6 from Figure 5-6.
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Figure 5-7. Deleting traces 4, 5, and 6 t/m Figure 5-6.
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CHAPTER 6

Routine dols

This chapter describes the tools in PITSA which you aedlito use most fre-
quently They fall into two catgyories:

* Tools for manipulating trace data, such as “zooming in” for a closerafi@

portion of a trace or cutting a small portion out for further analysis, performing
simple point-by-point data editing functions, making baseline corrections, and

integrating or diferentiating traces.

¢ Basic “seismological” tools, such as phase picking, instrument correction, earth-

quale location, and magnitude estimation.

These tools are accessed throughRbatine ©olscommand in the main menu.
The options @ailable undeRoutine Bolsare shwn in Table 6-1:

Table 6-1. The options available under Routine Tools.

Menu Selection

Description

Zoom Select a portion of a trace using the cursor or biyngithe indi-
ces of the points desired.
Edit Simple data editing tasks such as single point editing, glitci§

editing, and automatic sgkemaal.

Instrument Simulation

Simulating some standard seismometer using the PREPR
software library written by Zmeskal and Plesinger

Phase Picking

An extensie set of tools for picking and editing phasevails,
an automatic P pigg and a location routine.

Magnitudes

Calculating seeral types of magnitudes.

Integrate

Digital integration on selected traces.

Differentiate

Digital differentiation on selected traces.

Baseline Correction

Correct baseline et of traces by seral methods
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6.1 Zoom

In order to zoom in on a portion of the traces,Zbemtool from theRoutine ©ols
menu is selected.

6.1.1 Tapered vs. Untapeed Windows

First you will be prompted for the type of zooming windd here are te choices:

* Untapeedzooming
* Taperedzooming.

6.1.1.1 Tapering Functions

If you selecfTaperedzooming, the data within the selected windeill be multi-
plied by a taper function which rises fromalue of 0 at the mgmns to a alue of 1

in the central portion of the windo The etent of the rgions (at the left and right
maugins of the windw/) over which the taper function will be applied is determined
later by the choice of the taper fraction parameter (Section 6.1.5).

The types of taper functions which akaiable are:

* Bartlett

* Cosine

* Hamming
* Hanning
* Boxcar

* Parzen

* Welch

For a discussion of the characteristics ofatént taper functions, see Press et al.
(1988). PITSA includes so mamtaper functions primarily for educational pur-
poses. The choice of taper function is mainly important if you intend to carry out
additional operations in the frequgrdomain.

6.1.2 Channel List for Zooming

As with most tools in PITSA, you will be astt to specify the list of channels on
which to operate. It is possible to zoom on more than one trace at a timseeho
the traces must all ha the same sampling rate, trace lengths and onset times
(PITSA will confirm this).

6.1.3 Zoom Window Selection Methods

Next you will be askd to select a method for specifying the zoom windleigure
6-1).
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Figure 6-1. Options for selecting a zoom windev.
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Several combinations of cursor selection and mdelection areailable.

6.1.3.1 Single Cusor

To look at a windwr of predetermined lengthubselect the onset of the windo
using a cross hair cursahoose the optio8ingle Cusor. You will be prompted
for the windav length (in points) and then bevgn a cross hair cursor to interac-
tively select the first point of the zoom windcClick the left mouseiton to
select a point.

6.1.3.2 Double Cusor

To select both mgins of the zoom windm interactvely, chooseDouble cusor
You will be presented with the cross hair cursor twice. Click the left mausmb
to select each point.

6.1.3.3 Index

To zoom in on a trace portion pfpoints in length starting at point select option
Index and enter the appropriatelues for the indeof the starting point and the
length of the desired zoom wingo

6.1.3.4 Accept window as is

To talke the complete trace length, sel&ctept window as iS'The zooming proce-
dure is often automatically aetited as the first option for other toolst ki is not
always desirable to use it. TRe&cept window as igption aborts the zoom tool.

Figure 6-2 she's a an gample of the use of the cursor to select the lefgimasf a
zoom windaev. The note winde shaws the actual cursor position in absolute time,
and the indices and datalues of the current sample point and its nearest neigh-
bors.
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Figure 6-2. Selection of a windav margin using the cioss hair cursor
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6.1.4 Accepting the Zoomed Whdow

After selecting the winde mangins, you will be prompted for acceptance of the
selection (Figure 6-3).

Figure 6-3. Accepting the zoomed winduwv.

T Popup Menu K

| How does it look? |

|ﬁccept Zoom windowl

|ﬁdjust Zoom windowl

| <ESCAPE> |
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If Adjust zoom windovs selected the current zoom windwill be re-displayed

and you will be able to adjust the mgans. If you select the left (or right) nggn

during adjusting, PITSA assumes that yantthe left (or right) mgin extended

back to the first point. Using this technique you can increase the size of the zoom
window without haiing to «it the zoom tool. When you are satisfied with the
selection of the winde magin, chooséAccept zoom window

6.1.5 Selecting the Bpering Fraction

If you hare chosen to use a tapering function in the zoom tool, PITSA will no
(i.e., after the zoom winadohas been selected) prompt you for the tapering fraction
which defines the proportion of the zoom windim which the tapering function

will be applied.
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The taper fraction parametenwa alue between 0 and 1. Ale of 0 vould
cause no tapering at all, andadue of 1 vould cause the entire zoom winvdo
(100%) to be décted by the taper functionx@ept a single point in the center of
the zoom windw). With a value of 0.5, 50% of the windowould be afected
(25% on each side).

After the taper fraction is selected, PITSA will display the zoomed up trace(s) fol-
lowed by the trace(s) with the taper function appliecer@id on the tapered traces
will be the actual taper function used (Figure 6-4).

Figure 6-4. The zoom windav with tapering.
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There is a slight diérence in entering the amount of tapering to be applied to the
zoom windav if the user has chosen timelex selection mode. In this case, tapering
is defined by 4 indicesil, n2, n3, andn4. nl1 andn4 are simply the indices of
the left and right zoom windo mawgins, respectely. Indicesn2 andn3 define
where the tapering of the left and the right gnarrespectiely, stop. In this case,
the user will be asld to enter &lues for indices2 andn3 instead of entering a
taper fraction. It is permissible to entewes which yield dierent tapering win-
dow lengths at the left and right nggms.

Next you are presented with the standard PITSA menu winidselect what to do
with the nev traces. Figure 6-5 stus the PITSA windw after zoomed traces Ve
been appended.
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Figure 6-5. The PITSA window after zooming in on the P arrvals of the top
three traces and selecting thaccept/Append Traces option.
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If multiple traces were selected for tapered zooming, the menu for trace acceptance

will be shavn for each trace (Figure 6-3). This can berted by selectingyse
selection(s) foremaining taceswhen PITSA asks loto deal with remaining
traces.

6.2 Edit

The tools under thRoutine dols -> Editmenu are used to correct minor problems
in a data trace, olving at most a f& specific dataalues. The options are:

* Point Editing

* Glitch Editing

* Despiking

The point and glitch editing tools are cases for which you are fuesh ¢he chance
to zoom in on a portion of the trace(s) in order to obtain a better visual resolution.
This works in an identical manner tmtapeed zoomingSection 6.1.1).

6.2.1 Point Editing

Point Editingaccesses indidual data point alues. Ybu can manually change a
selected dataalue or interpolate the selectealue by using thevarage alue of
the two neighboring points.

Point Editingwill first shav a cross hair cursor to select the point to edit (Figure 6-
6). The note windw on the top of the PITSA windoshawvs the currently selected
channel, absolute time of the actual sample, and the indices andldats of the

6-6
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current sample and its neighbors. The current sample is selected for point editing
by clicking the left mouseuiton.

Figure 6-6. Point editing. The user mwes the coss hair cursor to select the
point to be edited.

T notepopup K
W] l. SELECTED DATA
CHAM: 1 TIME: 1987 4 10 7 58 29,220
»[ 3211 <ol 3221 > »[ 3231
62eS, 0 TTTTTTTI -38 -42 -26

U (13

E WEL
——
—

AL T T T Y A A A A A A |
2.5 3.0 3.5 4.0 4.5
TIME [secl
Action: Cross Hair Mode: Normal Hardcocopy: OFF

PITSA will now pop up a menu asking the usewtto edit the point (Figure 6-7).

Figure 6-7. Pop-up menu br point editing methods.
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SelectingManual Editwill allow the user to enter alue for the selected point,
while thelnterpolateoption will change thealue of the selected point to theea

age of the pndous and succesa data points. In either case, the display returns to
the zoomed trace with whatr changes va been made.

Figure 6-8 sha's the result of selecting the point shmoin Figure 6-6 and changing

its value t010000.0 with theManual Editoption—creating a spi& To remwe

this spile, you could select this data point with the cross hair cursor and select the
Interpolateoption in Figure 6-7.
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Figure 6-8. Creation of a spile using theManual Edit option.
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To &it the point editing routine, selectyapoint and then select eith@uit Editing
or <ESCAPE> The currently selected point will not be changedy Ather points
that were changed by point editingwever, will retain their nev values gen if the
<ESCAPE>option is selected.

6.2.2 Glitch Editing

Glitch Editingis used to rema corrupted sequences of data. It iaidyf crude

tool, in the sense that no point-by-point editing is possible—all data points in the
selected trace section will bevgh values which are interpolated between the tw
end points. It is generally used to reraa pulse of high-amplitude noise.

You will first be gien a chance to zoom in on a small portion of the trace which is
of interest. Selection of the trace section to edit is made using the cursor (and left
mouse ltton) twice. After selecting the twend-points of the section to be edited,
you will be presented with a limited menu of choicesyshm Figure 6-9.

Figure 6-9. The Glitch Editing menu.
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The only choice for actually editing the selection islttierpolateoption, in which
case the alues inside the glitch (all points betweent bot including, the magin
points) will be linearly interpolated between the selected end points. The display
returns to the zoomed trace.
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To eit the tool, select an arbitrary set of glitch gias and then seleQuit Edit-
ing or<ESCAPE> As inPoint Editing all changes which ka been made to the
data are permanent/an if the<ESCAPE>option is used.

6.2.3 Despiking

TheDespikingtool automatically remee spiles from data traces. It should be used
with care, especially with traces for which the sampling rate is not much higher
than the frequernycof enegetic signal components. In such cases this tool can dis-
tort the signal significantly (see Figure 6-10). It is mainly useful when picking P-
arrivals automaticallyto remwae spurious signals whichowld otherwise be cho-
sen as P awnals.

After a channel list has been selected, PITSA will prompt for a smoothvielg le
Picking this alue irvolves more art than science. The smoothingllparameter is
greater than zero, and smalletwes result in more smoothing (i.e., more aggres-
sive remeal of things that look lig spiles). The defult value is 0.5.

After a trace has been processed, PITSA will display the “before” and “after”
traces and prade the usual menu of choices for what to do with tive tnece. If
the channel list contained more than one trace, PITSA wiligeche option to
use the tw input parameters (the smoothirejue and “what should be done”) for
the remaining traces.

Figure 6-10. The Despiking tool was used toemove spikes from trace 1. The
result is in trace 2. Tace 3 shavs the difference between the original trace
and the despiled trace. Notice that the despikd trace has been distorted in
the signal region.
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6.3 Instrument Simulation

Seismic signals as recorded at a seismic statifer dibnsiderably from the true
ground motion. The recording system acts as a filter which changes the signal con-
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tents of the seismicaveforms. Before we can interpret recorded signals in terms
of properties of the source and/or the Earth wes i@ correct for the recording
process. By applying signal processing techniques to the recorded data we can
attempt first to obtain an approximation to the true ground motion at tleeeurf
(“restitution”). We simulate a standardized recording process (e.g., for magnitude
determination) by applying an additional filter—representing the response charac-
teristics of the desired instrument—to the true ground motion signal.

These important and diifult processes are performed in PITSA with the options
under theRoutine Tools> Instrument Simulatiomenu.

6.3.1 Please Use Theseobls with Great Care!

The implementation of instrument simulation in PITSAasffom thorough. \&

have borraved source code to implement a subset of the functions in theaseftw
package PRERBC (written by Mirosla Zmeskal and Aegl Plesinger). & mary
cases the results in PITSA will be “correctlitbhere are also marsituations in
which the codes we are using majl-—meaning not so much that the program
will crash, lut that the results will not represent what we thinly thieould. PRE-
PROC contains éensve and elaborate testing and decision-making routines, with
alternatve algorithms to deal with most circumstances which can arise. The rou-
tines in PITSA will be most useful in an educational ceirded for eploration of
various datasets. 8ecommend ajnst using PITSA for research or analysis in
which the reliability of the instrument simulation routines must be guaranteed,
unless you hae specifically erified the results ajnst a knwn benchmark. &r

such purposes you should really use PREERr a specially-written and well-
tested code which can deal with your particular requiremenént&aily we hope

to incorporate the full pger of PREPRC for this kind of verk in PITSA.

Probably the most importanaveatwe can der to the use of the instrument simu-
lation routines in PITSA is to ensure that the original recording system has a band-
width at least as wide as that of the instrument to be simulated. PITSA will allo
you to “simulate” a broadband recording from a short-period arnehb results

will have more to do with round-bérrors and algorithmic lapses than with seis-
mology:

6.3.2 Instrument Response Files and érmats

The response characteristics of a seismic system are defined in a so-called “instru-
ment response file” or “calibration file”, an ASCIktdile which encodes the

ground elocity frequeng response of the recording system in one of three formats
which are listed in dble 6-2.

Table 6-2. Formats for instrument response files.

FAP. | frequeng - amplitude - phase triplets I

PAZ+ | poles and zeroes of the transfer functiorI

FIRe coeficients of the corresponding FIR filt(lr

These formats conform to the recommendations of the GSE (Group of Scientific
Experts) and are a subset of the GSE calibration section formgtaiehdescribed
explicitly in Appendix F. Instrument response files can be created durinvgreon
sion to PITSA's ISAM format or by using xteditor PITSA “knowns” the calibra-
tion data for some standard seismic systerabl€T6-3).

6-10
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When thenstrument Simulatiomenu item is selected, PITSA will ask first for a
list of channels to process, and then for the name of a calibration file. PITSA will
look for this file in the current PITSA directory (Section 5.3).

6.3.3 Choose Instrument Menu

PITSA will next display theChoose Instrumemhenu which asks the user which
instrument should be simulated. The instrument choices are listedle 6-3:

Table 6-3. Instrument simulation options

Menu Option Description

WWSSN (SP) World-Wide Standard Seismograph Netk, short period
WWSSN (LP) World-Wide Standard Seismograph Netk, long period
Kirnos Medium period, wide-band system

Wood-Anderson Used for determination of M

Ground displacement| Restitution of true ground motion

Userdefined Arbitrary

After you select a standard instrumentGopound displacemeritom the options

listed abee, PITSA will display the original trace and the simulated trace and dis-
play the normal menu of choices for “what to do” with thes trace. IfUser-
definedis selected, you will first be astt for the name of the corresponding cali-
bration file.

6.3.4 Multiple T races

If multiple traces are selected in the channel list, PITSA assumealtinave the
same calibration file. If this is not true, you must process the traceslirally or
in groups which do share a calibration file.

After the first trace of a multiple trace selection has been processed, PITSA will
ask if the input entered for the first trace should be used for the remaining traces, or
if new input \alues should be tek for each trace. PITS&Abehaior in this situa-

tion is predictable.

6.3.5 Example: Creating an all-pass instrument esponse file

It should be obious that the simulation process requires accurate calibration files
for both the actual recording system and the system to be simulateeldtat

often happens that we do not knthe eact properties of the seismic recording
system used to record our datat We still want to approximate othe recording
would hare looked on a dferent instrument. As long as the instrument ve@ino
simulate is more narveband than the original recording system, we can approxi-
mate the system to be dewolved by one of constant amplification and zero phase
shift (either in displacement or ielcity). The issue of what constitutesfsuf
ciently “more narre band” in this conte is beyond the scope of this Manual.

We will create an instrument response file AZRormat for a lypothetical record-
ing system with flat response.
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For the AZ format, the instrument response file contains the positions of the poles
and zeros in the complé&s plane in the format defined in Appendix F. Since the
corresponding transfer function for a flat response shouwtel i@ poles and zeros

at all, lines 2 and 3 should contain a 0. The sca#otpf should be set to 1.0EQ09 to
male up for the dict that the GSE formaxgects the scalingattor to cause a nor-
malization into nanometers, or nanometers/sec, respgcPITSA, havever,

works consistently in Sl units (m and m/sec, respelsfj. The instrument response
file (which we might calhllpass.cal ) will be quite simple:

CAL1 PAZ
0

0

1.0E09

Figure 6-11 shes the results of reading an unkwo“broadband” signal (trace 1),
decowolving it with allpass.cal as the calibration file, and simulating a
WWSSN short period signal (trace 2).

Figure 6-11. Use of a generic “allpass” calibration file to simulate a short-
period recording from a broadband recording.
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6.4 Phase Piking

TheRoutine dols -> Phase Pking option places PITSA into its phase picking

mode of operation. All the tools needed to perform routine phase pickingemtd e
location hae been grouped together and ar&ilable when PITSA is in this mode.
PITSA will pop up a menu of the optiongadlable (Figure 6-12) and after an oper-
ation is complete, PITSA will return to this menu. PITSA will not re-plot all the
traces loaded in memory when it returns to the phase picking menu as it does when
it returns to the main menu state. Instead, it will justdag the last plot thatas
created before returning to this menu. It is analogousviadnéhe Plot All Flag df

while PITSA is in its standard mode of operation.
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Figure 6-12. The Phase Picking Bp-up Menu.
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Since phase picking is &y time-consuming task, PITSA has implemented a P-
phase pickr (Baer and Kradolfed987) in order to determine the phase onset and
the phase description automatically (optarto pik phase(9) Under this option
you can edit the pidd phase(s), change their phase description intezgcipick
additional phases and/or delete phases (optitjust phase(3) The traces loaded
into PITSA can be sorted by their distance from treneand plotted (optiorSort
traces by distancandPlot All).

Phase and station files can be written to filesanous formats (HYPO71 or Long)
for use by other programs. Once phase and station filesblen created, you can
run HYPQO71 directly from PITSA and load in the phase residuals (options
location poogramandRead locationesults.

PITSA will remain in the phase picking mode until eitherBi@NE or
<ESCAPE>option is selected, at which point PITSA will return to its standard
mode of operation.

Note: Phase pick information is stored in the data headers for the current PITSA
session, i.e., in memaryou must gplicitly save the data files (as ISAM files) in
order to retain the phase pick information in the PITSA headers permanently

on disk. All the information in memory is lost upaxitang PITSA.

Phases can also be péckfrom within the particle motion option.

6.4.1 Auto Pick Phase(s)

To automatically pick phases, seléctto pik phase(sjrom thePhase Piking

menu. After entering the list of channels to process, determination of onset times,
first motion polarities, andvaluation of the reliability of the picks is done automat-
ically using the algorithm of Baer and Kradol{é®87)—see Appendix G.
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There is no interacté control of the picking procesgjtithe parameters can be
modified in PITSAs configuration file (Appendix B).

After the automatic phase picking is completed, the phase picking menu will re-
appearNormally, the net step vould be to interacte edit and adjust the auto-
matic picks, using thAdjust phase(spption.

6.4.2 Adjust Phase(s)

Selecting théAdjust phase(s)ption of thePhase Pickingnenu preides tools to
adjust and edit the description ofigting phases that were either selected by the
user or created with the automatic phaseqaick

6.4.2.1 Working with Many Taces

After asking for a channel list, PITSA will display atéput box, asking for the
number of traces to look at in each steqr. & small number of traces—sayp to
five or six—it will be fine to just takthe dedult value (all traces) for this parame-
ters. for larger numbers of traces, wever, the inter&ce will be more ééctive if
you work with subsets of traces.

If you enter a number which is smaller than the total number of traces loaded,
PITSA will display a secondxeinput box asking for the number of traces to
incrementat each step. It is straight-foavd to specify some small number—say
three— for both parameters and/@@1TSA gcle through all the traces three at a
time. By specifying the number to increment as one less than the numbev & vie
each step, hwever, you can retain the last trace with adjusted picks as a guide to
pick adjustments in the regroup of traces.

For example, if you hae selected 12 traces on which to adjust phase picks, and you
then entered 5 for the number to look at in each step and 4 for the number of chan-
nels to increment in each pass, then PITAuld first display traces 1 through 5

and allav the user to pick, adjust and edit phases. Once the user is finished with
these first 5 traces, PITSAowid then present the user with traces 5 through 9,
repeating the display of trace 5. On thetretep, you wuld view traces 9 through

12.

Use theDONE forwardandDONE backwardptions of theAdjust phase(snenu
to move through the incremental display of traces.

6.4.2.2 Contmwlling the Zoom Box

Figure 6-13 shws hav PITSA looks when it is in the phase pick/adjust mode. In

this case, PITSA has presented the user with three traces at a time. The upper part
of the screen is the zoom control area andavshbe traces in their entirety with a

zoom box werlaid.

The zoom box controls what part of the traces are visible in the bottom portion of
the screen, which is the phase picking area. The portions of the traces that are
zoomed in the bottom part of the screen are controlled byngn¢he zoom box to

the area of interest in the upper part of the disglaynove the zoom box, place

the cursor inside the zoom box, then drag the box while depressing the left mouse
button.
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Figure 6-13. The Phase Adjust pop-up menu and seen display
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To change the size of the zoom box place the cursor just outside dfia ofahe
zoom box and drag the nggm to a nev location, agin holding davn the left
mouse htton.

6.4.2.3 Controlling Whid Traces ae Displayed for Phase Adjustment

In addition to controlling the position and size of the zoom box, the upperwindo
also controls which traces are visible in the bottom (zoomed) part of the saeen. F
adjusting phase picks, the user mantvmaximum resolution andant to see only

the current trace in the zoomed portion of the screen. The selection of which traces
(of those displayed in the upper part of the screen) are displayed in the zoomed por-
tion of the display is controlled by using all three mous#ons.

Clicking either the middle or right mousatton while the pointer is in one of the
upper traces causes the trace will besited (meaning it will not be displayed in
the zoomed portion of the display and will not beilable for phase adjustment)
and a message (Figure 6-14) to appear on the scre@ard nw in trace selection
mode.
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Figure 6-14. Pop-up note br trace selection in phase picking
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For example, if the user were to click the right mouse pointer while in the top trace
in the upper portion of the screen, then the PITSA windould look like Figure

6-15. The upper trace has beevented to indicate that it will not be displayed in

the bottom portion of the screen. Since replotting thetfdraces is time consum-

ing and the user mayanmt to toggle on/dfeveral traces, PITSA does not replot the
bottom part of the screen until the user has eticthe left bitton to leae trace
selection mode.

Figure 6-15. Trace selection example: trace 1 has been ned off.

i spitsa
BB~ 1 ot £ Lot (1)
R e (@

L ¢
t (3
0.0 0.5 1.0 1.5 2.0 2.5
TIME [minl
§93967.0[ T T T T T T T T T T T T T T]JT T T T 1
Jﬂ M #$WNWNNW“AM$$'2)
=43004L.00 ) oo o e ety g
499994, 0 T T TfT T T T T T T T T T T T T T T 1
ﬂ‘ |
I L 1 J \f \fw jﬂ«hw\l]‘_‘t\ﬂ ot A Aralin A <39
SEP35FLO0L ) 0 WMo
31.0 32,0 33.0 34,0 35.0 36.0 37.0 38,0 39.0
TIME [secl
flAction: Thinking Mode: Mormal Hardcopy: OFF

While PITSA is in the trace selection mode, the user can not perforotizer
actions such as picking a phase or selecting one &ftthse Menwptions; the
buttons in thePhase Menuwvill become disabled.r@ice selection can also be con-
trolled with theNext Trace Prev TraceandAll Tracesoptions aailable in the
Phase Menu

6.4.2.4 Picking Phases in Adjust Phase(s)

Manual phase picking (and editing of picks, either automatic or manual) is carried
out using the cursor and all three moustidns on the zoomed traces in thedo

part of the main displayrhe cursor must be inside one of the zoomed tracesbox

in order for the mouseuttons to function in this conte Each mouseuiton has a
different function:
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Table 6-4. Mouse hutton usage or editing phase picks.

Right Mouse Button Delete the phase closest to the current mouse point.

Middle Mouse Button | Insert a ne& phase at the current mouse pointer location.

Left Mouse Button Adjust the phase closest to the mouse painter

PITSA contains some rules about phase picking which are important to understand
before attempting to perform manual phase editing with the cursor and nutuse b
tons. If youte having trouble picking or adjusting phases, it &wlikely that you

are trying to violate one of these restrictions:

* You should select the phase type (usingrthase Typ@op-up menu) before
you try to pick a phase. En if you h&e not yet pickd aty phases on the cur-
rent traces yet, PITSA will be using an assumed phase typeginipée, the
last phase you pigd on a préous trace.

* PITSA keeps the same phase type in memory until you change it.

* You cannot pick a phase earlier than @isteng P phase on the same trace
(because it is the first-aving phase). ¥u must either adjust the position of the
existing pick, or delete it and pick awé® phase.

* You cannot pick the same phase twice on a single tracemvist delete the
existing pick and re-pick it.

* Because of the pvus restriction, you cannot pick phases for more than one
event on a gien set of traces.

Insert a new phase pick
To insert a phase, you must first select the phase type. Bring Bpdke Type
pop-up menu by clicking on the appropriate option offhase Menpand select

one of the phase types.

Figure 6-16. The Phase Vpe menu
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To actually set the mepick, move the cursor to the desired position and click the
middle mouse Witton (Figure 6-17). When a phase is pidka box is dran abawe

the trace that shes the phase id and a line iswradavn to the trace. Also, aev-

tical line is dravn at the phase pick location in the zoom control trace in the upper
part of the display
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Figure 6-17. Inserting a phase pick manually
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Moving a phase pick

Once a pick has been made as in Figure 6-17, its position can be adjusted by using
the left mouse Witton. When the left mouseitton is depressed PITSA will look for

the closest pick (meaning the line dropped from the top of the zoom box to the
trace) within about 100 screen elig from the mouse pointer position. If PITSA

finds a phase pick close enough to the cuibuiill replace the phase pick with a
vertical line running from the top of the trace to the bottom as in Figure 6-18. Also,

a note will pop up shwing the absolute time and dat@we at the current location

of the pick, and for the twimmediate neighbors.
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Figure 6-18. Adjusting the location of a phase pick.
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As long as the left mousautton is held dan, the \ertical line will follow the cur-

sor, allowing the user to adjust the position of the phase pick. If the trace on which
the pick is being made is highly magnified, you may olestirg \ertical line jump-

ing from one trace point to thextgthis is because PITSA only alls picks to be
made on actual data points. When the left mousteis released, thextical line

is replaced by a standard phase label.

Delete a phase pick

To delete a phase pick, position the cursor near the phase location and click the
right mouse btton. PITSA will find a phase pick within about 100 screerlpinf
the tip of the cursor

6.4.2.5 The display of werlapping phase labels

PITSA tries to place the phase label directiyvabitie location of the pick on the
trace. If there are geral phase picks close togethten this is not possible with-

out overlapping the phase labels. Instead, PITSA willenthe phase labels to the
side so that all phase labels can be plotted witheedapping. Then a line is

drawvn from the bottom middle of the phase label to the phase location on the trace
(Figure 6-19).
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Figure 6-19. Display of overlapping phase labels.
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6.4.2.6 The active phase

Notice that in Figure 6-19 one phase label has a box around it while the other does
not. This is because the box indicates that a phase ige'aatid that phase-spe-

cific Phase Menselections will apply to that phase. Only one phase at a time can
be actve and to change the a&iphase, the user selects the desired phase by click-
ing near it with the left mousaution. This in eect adjusts the phasaythf the

mouse is not mad in between theufton davn and up eents, then the phase loca-

tion will be unafected.

6.4.2.7 Phase Labels

A phase label in PITSA hasvaal parts. First there is a phase id fokal by a

colon which is folleved by five single-character phase descriptor fietlgsh@se
id>:12345 ). The phase id can beyastring up to 19 characters long. Each phase
descriptor encodes an attite of the phase pick. An underscore in a phase descrip-
tor field indicates that the atttite has not been setalling underscores are not
displayed, in order to reduce confusion in the displaple 6-5 lists the options
available for the diierent phase descriptor fields:
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Table 6-5. The meaning of the phase descriptor characters.

Character
Position Meaning
1 If anHis present in this position then the phase wither pickd or
adjusted while the corresponding tracasviHilbert transformed.
2 If an Ais present in this location then amplitude information has beerf
input for this pick.
3 Onset of the phase. Possibilities krior impulsve andE for emegent.
4 HYPO71 codes for first motion of the phase. Possibilities are:
U->Up
D-> Down
+ -> Poor up
- -> Poor davn
N-> Noisy
? -> Unreadable
5 HYPO71 codes for weight of the phase:

0 -> Full weight
1 -> 3/4 weight
2 ->1/2 weight
3 -> 1/4 weight
4 -> 0 weight

Figure 6-20 shws a phase label with a phase idPaind four set attrildes. PITSA

has the ability to read in synthetic or residual phases and these are displayed as
only the phase id string without a colon. These phases cannot be adjusted or edited

as thg are meant to be references.

Figure 6-20. A phase label.
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6.4.2.8 The Phase Menu

Figure 6-13 shes the PITSAPhase Menwn the right side of the PITSA main

window. WhenRoutine ols -> Adjust phase(s$ entered, this menu will pop up

on the screen and remain until the user selects one BANEE options or

<ESCAPE> Some of the options in this menu apply only to thevagthase (Sec-

tion 6.4.2.6); PITSA will ignore these commands unless a phase has been selected
first.

The following sections describe in detailiadhe diferent options wrk.
Phase Tpe

This option is used to specify the phase type beforevghase is piokd. In ear-

lier versions of PITSA it could be used to change the phase ID of the pbase,
but this is no longer implementedo thange a phase ID, you must delete a phase
and re-pick it.

PITSA will pop up the menu stm in Figure6-16 on pag®-17. This menu has a
number of pre-defined phase IDs or you can sele@®ther option and specify an
arbitrary phase ID of up to 19 characters.

SelectingxESCAPE>will pop davn the menu. The selected phase type will
become the dafilt phase type for subsequent phase picks until it is changed ag

Onset Type

This option is used to change the onset type for the selected phase which is stored
in the third phase descriptor field of the phase latsdI€B-5 on pagé-21). It

operates on the aeti phase. The pop-up menu iswhdn Figure 6-21. Selecting
Impulsiveor Emepgentresets the third character of the phase descriptor field.
SelectingNoneclears the onset character field in the phase label and replaces it
with an underscor&sESCAPE>will end the operation without changing the onset
character

Figure 6-21. The Onset Type pop-up menu.
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First Motion

This option is used to set the polarity of the first motion of theeaptiase, which

is stored in the fourth phase descriptor field of the phase label. The pop-up menu is
shawvn in Figure 6-22. Seeable6-5 on pagé-21 for description of the label

codes. Selectinioneclears the first motion field of the phase label and sets this
character to an underscorSCAPE>exits the pop-up menu, leig the

descriptor field unchanged.
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Figure 6-22. The First Motion pop-up menu.
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Weight

This option is used to set, clear or change the weight of the gttase (the fifth
position of the phase descriptor field), which is used in eartledoaktion pro-
grams. The pop-up menu is shois Figure 6-23. Seeble6-5 on pagé-21 for
the encoding of the weight character in the phase descigglactingNoneclears
the entry in the phase label and sets this character to an undes&SGAPE>
exits, leaving the descriptor field unchanged.

Figure 6-23. The Weight pop-up menu.
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Set Amplitude

TheSet Amplitudeption is used to measure the amplitude and period of thve acti
phase, which are stored in the data header of the tragewilf select tvo extrema

of opposite polarity (e.g., from a maximum to the failag minimum); PITSA

will measure the peak-to-peak amplitude and period (twice the time length between
the extremal points) of the phase from these points.

When this option has been selected, PITSA displays a star that tracks the cursor
and snaps to local minima or maxima along the trace (see Figure 6-24). A note
window pops up to pnade help.
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Figure 6-24. The Set Amplitude display and note windav.
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When the star is at theteemal point you wish to use as theglmming of the mea-
surement winde, hold the left mouseutton davn and drag the cursor to the fol-
lowing extremal point. As you drag the curs®ITSA dravs a line from the first
extremal point of the pick to the nearest locetremal point (Figure 6-25).

Figure 6-25. The Set Amplitude display, shaving the tracking of the cursor as it
is dragged away fom the first extremal point.

[P;_ATD]
T T [ T T T ]

(33

5.4 5.6 5.8 6.0
TIME [sec]

When the left mouseutton is released, PITSA will pop up a message similar to the
one in Figure 6-26 which shws the amplitude and period the user selected. The
star will have returned and folles the cursor as before. At this point, the user has
the option of re-selecting the amplitude (in the manner just described), canceling
the operation (clicking the center mousgtbn) or accepting thealues presented
(clicking the right mouseuiton).

If the measuredalues are accepted, the second character in the phase descriptor
field (Table6-5 on pageé-21) will be set to A. Currently amplitude information is
only used when phase output files are created See “Output Phase(s)” @8.page
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Figure 6-26. Display of measued amplitude and period inbrmation.
I
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cancel pick,

Center mouse button =
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Clear Amplitude

This option is used to quickly clear the amplitude and period measurements associ-
ated with the acte phase. The A in the second position of the phase descriptor
field of the actie phase will be reset to an underscore.

Delta

This option is used to set thegien of confidence of the onset time of the\ati
phase. The winde representing the confidence of the pick need not be symmetric
about the onset time. When selected, PITSA will producstical line which

tracks the meement of the cursor on the trace that contains the selected phase
(Figure 6-27).

Figure 6-27. Measurement of the egion of confidence of the onset time of a
phase.
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The re@ion of confidence is specified by clicking the mousgdn at its bound-
aries. In order to bealid, the two mouse clicks must be on opposite sides of the
selected phase.

Once a rgion of confidence has been selected, PITSA will display an error bar
along with the phase pick as in Figure 6-28. If a phase pick is adjusted after this
step, then PITSA will clear theisting region of confidence and you will e to
re-select it.
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Figure 6-28. The error bar indicating the region of confidencedr a phase pick.
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If the currently selected phase has an errartban this option can be used to clear
it. The error bar will be remed and the confidencegien will be reset for the
phase pick.

Set Rise Tme

In the stand-aloneersion of PITSA, this option will be dimmed in tRbase
Menu meaning it is unailable. It is &ailable when PITSA is used within the
GIANT software package.

Clear Rise Time

In the stand-aloneersion of PITSA, this option will be dimmed in tRbase
Menu meaning it is unailable. It is &ailable when PITSA is used within the
GIANT software package.

End Phase

In some applications it is useful to mark the end of a phase. This option is used to
create a companion phase (the “end phase”) to theegatiase for this purpose.

The nav phase will initially hae the same onset time as the original phase, and

will have the same phase ID with thettéend” appended. After this option is
selected, clicking once with the left mousgtbn on the original phase will cause

the phase labels to be replotted with some separation. Then the onset time of either
phase can be adjusted in the normal manner

Trace Transform
This option is used to apply the Hilberahsform to the traces in the zoomed

boxes of the displayWhen this selection is made, the note wimdtiawvn in Fig-
ure 6-29 will appear
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Figure 6-29. The Trace Transform note window.

T notepopup K

|lLeft Button = Finish Toggling
Middle Button = Toggle Hilbert Transform
Right Button = Toggle Hilbert Transform

Move the cursor inside the zoomed box of the trace to be transformed and click
either the middle or right mousetton. The transformed trace will be redrain

red and the letterti” will appear at the lggnning of the trace. & can toggle the
Hilbert transform on and bin ary of the zoomed bas until the left mouseutton

is clicked. Figure 6-30 shes the PITSA windw after trace (2) has been Hilbert
transformed.

Figure 6-30. The PITSA window after trace (2) has been Hilbert transbrmed.
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Action: Menu Mode: MNormal Hardcopy: OFF

If the boundaries of the zoom box are changey ti@tes that hee been Hilbert
transformed will be un-transformed before thev®@omed traces are redna

Note that the labelling of phases to wtthat the were piclked from a transformed

trace is nw entirely manual. The métwo options of thé®hase Menwontrol these
functions.

Set Transform Flag
This option will set the aaté phases descriptor to indicate that ilaw piclked while
the Hilbert transform @as on, by setting the first position of the phase Ialpslase
descriptor field to anH”.

Clear Transform Flag

This option will set the aaté phases descriptor to an underscore character to indi-
cate that it vas picled on an un-transformed trace.
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Next Trace

This option will change which traces are displayed in the bottom part of the screen
(the zoomed up traces). When this selection is made, PITSA looks for the first trace
in the upper part of the screen that is on, toggles,itwhs the net trace on and

turns all other tracesffThis can be used to cagniently step through the traces at
maximum resolution.

Prev Trace

This option is the neerse ofNext Trace PITSA looks at the traces in the upper part
of the screen from bottom to top for the first trace that is on, toggldstiirofis the
trace that is abe it on, and toggles the remaining tracds of

All Traces

This option turns on all the traces in the upper part of the screen so that all traces
are displayed in the\eer part of the screen (the zoomed traces).

Pull In All Comp

This option is used to ensure that all components ofemgitation are loaded into
the phase picking screen. After selecting this optioventioe cursor onto the trace

of interest (either in the upper omler set of traces); As the pointer vas into dif-
ferent traces, a note wingdalisplays the station name and component of the trace.
When ay mouse btton is clicked, PITSA looks for antraces with the same sta-
tion name that are not loaded into the phase picking screen. If it finds soyne, the
are added to the channel list that is beingguick

Pull In Nearest Sta

This option vorks nearly the same as tRall In All Compoption &cept that

PITSA looks for the closest station (calculated by looking at the station coordi-
nates) that is not already loaded into the phase picking screen and adds it to the
channel list that is being pieK.

Clear Pulled In

If traces hae been pulled in with either thull In All Compor Pull In Neaest Sta
options, then thecan be tag&n out of the channel list loaded into the phase picking
screen with this option.

Refresh

This option causes the phase picking screen to benadTéis can be useful when
placement of phase labels has become messy because of adjusting, adding or delet-
ing phases.

Pick Magnitude

In the stand-aloneersion of PITSA, this option will be dimmed in tRbase
Menu meaning it is unailable. It is &ailable when PITSA is used within the
GIANT software package.
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DONE forward

This option is used when the user is done picking phases (i.e., using the options
available under th€hase Menpon the channels loaded into the phase picking
screen. If there are more traces to look at in the main channel list, PITSA loads the
next batch of traces. When all tracevédeen processed, control returns to the
Phase Piking Menu

DONE backward

This option is identical tONE forward but loads nes sets of traces in the
reverse order

<ESCAPE>

This option returns control immediately to tAkase Piking menu.

6.4.3 Show False Plarities

In the stand-aloneersion of PITSA, this option will be dimmed in tRbase
Meny meaning it is unaailable. It is &ailable when PITSA is used within the
GIANT software package.

6.4.4 Showv Greatest Residuals

In the stand-aloneersion of PITSA, this option will be dimmed in tRease
Menuy meaning it is unaailable. It is &ailable when PITSA is used within the
GIANT software package.

6.4.5 Sort Traces by Distance

When this option is selected, PITSA will sort the traces loaded into PITSA by
either lypocentral or epicentral distance, if the necessary informatiomiiglle

in the data headers. If the information is naikble, this field is grayed out and
inactie.

6.4.6 Sort Traces by Azimuth

When this option is selected, PITSA will sort the traces loaded into PITSA by azi-
muth, if the necessary information ig#lable in the data headers. If the informa-
tion is not &ailable, this field is grayed out and inaeti

6.4.7 Output Phase(s)

This option is used to write phase pick data to a fileversé¢ standard formats.

When this option is selected, a menu pops up thasdhe user three format

options (Figure 6-31). These options EPO71 ISOPandLong The HYPO71
format is directly readable by the HYPO71 program (Lee and 1&75; Lee and
Valdés, 1989). The Long format is a general format that includes all the phase pick
information.
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Figure 6-31. The phase output menu.
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After a format has been selected, PITSA will ask the user for a channel list and a
name for the output file. The file will be written in the current PITSA data direc-
tory. If the file name entered does not alreadgtethen PITSA will create the file
and add all the phase picks in the channel list to the file.\Wieey, the file does

exist, PITSA will overwrite the file without \&rning.

6.4.7.1 Processing of HYPO71 Phase Outpile§

The HYPO71 programxgects to see only P and S eais and only one P or S

arrival per station. PITSA will group the traces together by station and if there are
more than one P or S amis, then PITSA selects the phase pick with the highest
quality by looking at the weight and whether or not the phase is impusemer-
gent. Also, HYPO71 requires three additional pieces of information besides the
onset time and phase name. It mustkifdt is impulsive or emegent, the first

motion and the weight. PITSA checks to makire all thesealues are set and if

they are not, it fills thesealues in with dedult values. The deiult values are
impulsive, unknaevn first motion, and full weight @ble6-5 on pag®é-21).

6.4.7.2 Processing of phase output files in the ISOP format

The ISOP format can be used to dump ettphases into a file folldng the for-
mat description of the ISOP project. There are naulefalues used in this format.

6.4.7.3 Processing of phase output files in the Long format

This output format contains most information about the picks made inside PITSA.
It just dumps all information that i@ been found for the piekl phases in a file.
As for the ISOP format there are noaldf values defined, if information is miss-

ing.

6.4.7.4 Phase Output Status Meggsa

After PITSA has finished writing to the phase output file, it will pop up a status
message in the upper right hand corner of the screen (Figure 6-32).

Figure 6-32. The phase output status message.

Total number of phases in new file
Number of new phases used

Number of new phases ignored
Number of old phases used

Number of old phases ingored
Number of warinings

(=R ool NN
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6.4.8 Output Station(s)

This option is used to generate station files in the format used by HYPO71. PITSA
asks for a channel list and the name of the file to create. The file will be created in
PITSAs current directory

As in Output phase(s)f the file already@sts, PITSA will overwrite this file with-
out warning.

6.4.9 Run Location Program

PITSA can run HYPO71 directly from the program and load in the phase residuals
of the run. In order to do this, the user must first generate a phase and station file to
be used as input to the location program.

6.4.9.1 Running HYPO71

PITSA will ask the user for a number of files that will be used as input and output.
The first file that is agld for is the glocity model file, which iselmod.hdr by
default. PITSA will look in the path set BITSA HYPO71_PATH_EN\or the
velocity model Section 2.1. NePITSA will ask for the name of the control header
file to use which igontrol.hdr by defwlt; PITSA will also look in the
PITSA_HYPO71_PATH_ENMlirectory for this file. Net PITSA will ask for the
station and phase file to use and will look for these files in PETGArent direc-

tory Section 5.3. Finally PITSA will ask for the nantg§o_out by dehult) of

the output file which is where HYPO71 will write the results of the location run.

After all the input is entered, PITSA will issue a system command to run HYPO71
and wait for it to finish. Aty output generated by HYPO71 will appear in the win-
dow where PITSA ws started. Then PITSA will ask the user ifth@nt to load in

the results of the location (Figure 6-33). If the user selaxds in lesults then

PITSA will read in the ne location from the output file HYPO71 created and cre-
ate synthetic phases for each residual. If there were errors in the HYPO71 run, the
user may want to skip trying to load in results by selectingBreenot load in
resultsoption.

Figure 6-33. The menu PITSA pops up after the HYPQO71 location pygram
has finished. The user can either load in the new location and phassidu-
als with the Load in results option or skip reading in this information by
selectingDo not load in results.

T Popup Menu K

| What to do? |

| Load in results |

|DD not load in Pesultsl

| <ESCAPE> |
15 2l

If the Load in esultsoption is selected, then PITSA will first clear ouy agn-

thetic phases thakist (remember that synthetic phases do neélaacolon after

the phase id). PITSA will then display a message in the upper left hand corner of
the screen that stwg the ne location and some statistics (Figure 6-34).

Figure 6-34. After PITSA loads in a new location and phaseeasiduals, it pops
up this message in the upper left hand coer of the sceen. The statistics
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for the P and S esiduals ae the average and maximum esiduals in sec-
onds.

Mew Location: 36,95 [lat degl -121.74 [lon degl 16.66 [depth kml
F residuoals: 0,188 [ave secl 0,650 [max secl 11 [# residuoals]

S residuals: 0,000 Lave secl 0,000 [max secl O [# residuoals]

11 synthetic phases created

| CONTINUE

6.4.9.2 Solving Poblems with HYPO71

HYPO71 is a complicated program in itgroright, and it may be that you encoun-
ter problems running it from PITSA. A guide to solving problems in HYPO71 is
included here as Appendix H. More complete information will be found in the
HYPO71 Manual.

6.4.10 Clear Phases

To delete phase picks from the trace data headers, sel@ietrePhasesption.
The menu in Figure 6-35 will be displayed:

Figure 6-35. The Clear Phases pop-up menu.
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6.4.10.1 Clearing All Phases

The user has three options when clearing all phasgsc#meclear usepicked

phases and synthetic phas&h)( just usempicked phasesAll user piked phases

or just synthetic phaseAl( synthetic phas@sWhen one of these options is
selected, PITSA will first ask for a channel list to clear phases from. Then the user
will be presented with a pre-zooming windso that the can select the portion of

the traces in the channel list to cléathen the zoom windw has been selected,
PITSA will display all the traces in the channel list with the zoom selected and
overlay all phase picks thatould be deleted. Then PITSA asks the user if the
really want to delete these phase. The user can either emtgha defult) to ter-
minate the operation or entetto go ahead and delete the phases. If the user enters
y, then PITSA will erase the phase picksidaid on the traces, otherwise the phase
picks will remain. Then PITSA returns to tRbase Piking Menu

6.4.10.2 Clearing Selected Phases

The user has the option of stepping through all selected pl&edes}( all selected
userpicked phasesSelect user pled phasesor selected synthetic phas&elect
synthetic phasé®ne at a time and deciding if the phase should be deleted. First
PITSA will ask for a channel list and then let the user pre-zoom the traces in the
channel list. PITSA will then display the traces selected in the channel list using
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the pre-zoom selected. Then PITSA will start stepping through all phases contained
in the traces with in the zoom area (Figure 6-36).

Figure 6-36. PITSA’s Clear Selected Phase seen.
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For each phase, PITSA will display the phase label surrounded by a box, display
the phase information in a note, and ask the user if the phase should be deleted or
not. If the user selectéeep Phasethen the phase is not revea from the traces

header and the phase is left on the screen without the box around it and PITSA
moves on to the ne phase. IIClear Phasés selected, then the phase label is

erased from the screen and the phase information is deleted from the traces header
before mw@ing on to the ne trace. After all phases ¥abeen xamined, PITSA

returns to théhase Piking Menu

6.4.11 Delete Traces

Warning: Use this option with great care. It will reseofiles from the memory
in PITSA and from your disk! This is the only possibility toypitally delete
waveforms inside PITSA. So please be careful with this. When using PITSA in
connection with the GIANT database, the accordiageform files and another
connected entries (i.e. piett phases) are also deleted from the database.

6.4.12 Plot All

After PITSA returns from &hase Piking Menuoption, it re-displays the menu
but does not re-plot the screen with all the channels loaded into PITSA. If the user
would like to see the traces loaded into memtivgy can select this option.

6.4.13 DONE

This Phase Piking Menuoption will end the phase picking mode and return
PITSA back to its home state. PITSAain menu will then become aetiagin.
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6.5 Magnitudes

PITSA can be used to estimate earthguadagnitude, lt it is important to under-
stand that reliable estimation of magnitude depends critically on the proper calibra-
tion of instruments. In practice, maseismological instruments are only roughly
calibrated, for gample, by using the specifications supplied by the nzatufer

Five magnitude types are currently supported:

Table 6-6. Magnitude Types and Menu Options.

Menu Option Description

Bakun/Jgner local magnitude| M Local magnitude (Bakun andylwer, 1984)
Generic local magnitude Mua Wood Anderson magnitude (Richté935)
Body Wave Magnitude m, Willmore, 1979

Surface Wve Magnitude Mg Willmore, 1979

Moment Magnitude Mw Moment magnitude (Kanamori, 1977)

Before attempting to determine earthgeiakagnitudes from seismic traces, the
user must maksure that the proper corrections for the instrument tyye theen
applied. er my and M, the trace units arepected to be in grouncelocity (m/

sec) while for M and My the units are assumed to be in ground displacement

(m) amplified by adctor of 2800 to simulate the output of adl Anderson
instrument.

It is advisable to perform an instrument correction and simulation of standardized
instruments before estimating magnitudes. See Section 6.3 for the simulation of
standardized instruments or Section 8.2 for amplitude scaling ofdodl traces.

After selecting one of thRoutine ®ols -> Magnitudeoptions (Rble 6-6), you will
be askd for a channel list. M& you will be gven the opportunity to zoom in on
the selected traces to focus on the area of maximum amplitudes.

Magnitude calculation is done by selecting the &tremal \alues in a trace which
represent the peak-to-peak amplitude. The same process will determine the corre-
sponding dominant signal period, which is required ferdvim,. The process is
identical to the operation of tlthase Menu> Set Amplitud®ption discussed in
Section 6.4.2

Figure 6-37 shos the display at the start of the magnitude estimation process. A
star tracks the motion of the cursor by ‘jumping’ to nearest lotedrme \alue of
the trace.
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Figure 6-37. The magnitude determination sceen, initial display.
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When the star is located on théremum which you wish to use for the start of the
magnitude measurement windaclick and hold dan the left mouseuiton—this
“locks in” the first atremal point. As you drag the mouseas; a line will be

drawn from the first gtremal point to thexdremum nearest the curséigure 6-38
shavs an intermediate step in this process in which the cursor has beed too
far and the line is being dva to the wrong @remal \alue.

Figure 6-38. The magnitude determination sceen after the first point has been
selected and the user is attempting to select the second point.
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In Figure 6-39 the cursor has beenver back and the correctteemal \alue has
been selected.
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Figure 6-39. The magnitude determination windav after two values hae been
selected.
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Note in Figure 6-39 that a star continues to track the cuvsoradter tvo extremal
points hae been selected. Once a pick has been made, you may:

* Reselect the start and end points for the magnitude, using the left nuttose b
to start a n& selection line.

* Accept the current selections and calculate a magnitude, by clicking the right
mouse htton.

* Cancel the operation, by clicking the center moustob.

Depending on what type of magnitude determinatias selected, you may be
asled to input additional information for distance-dependent amplitude correction
if the needed dataalues are not set in the trez@eaderfor the my determination,

this term (often called Q) depends on the selecte®@ type and source depth,

while for My, it is only dependent on epicentral distanam. thulated alues of

the calibration term seeilvhore (1979). r the calculation of Mand M, no

further input is required.

When a pick has been made and accepted (Figure 6-40), PITSA waélaxma&gni-
tude calculation, store it in the trasdieader (Section 8.3.2) and display the result
of the calculation.
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Figure 6-40. The magnitude determination windaw after the selected pick has

been accepted.
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After the calculations are made, you wilieahe option of picking additional

maghnitudes oneting.

There are seral diferences to the just described procedure when using the
Moment Mgnitudeoption. With this routine the spectra ofvgin phase picks are
computed and anwersion is started assuming a Brune source (Brune, 1970). This
inversion is based on glbrid of the simulated annealing and sinxpédgorithms
(Press et al, 1992). The final output is theeited spectrum and the estimatdg)
magnitude. @ run this module properly an input file nanauhealingcfgis
neededin this file the startingalues of the simpleand simulated annealing algo-
rithms as well as startingalues of the model arevgin (Figure 6-41).
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Figure 6-41. Starting values of the spectral imersion given in annealingcfg file.
MODEL MOMENT 1.0e-6

MOMENT UNSERT 0.0001

MODEL CORNER FREQ 20.0
MODEL CORNER FREQ UNSERT 0.1
MODEL HIGHPASS 0.5

MODEL LOWPASS 30.0

MODEL POLES 2

MODEL INCIDENCE 5.0

MODEL Q 200

MODEL Q UNSERT 0.005

MODEL SEIS Fc 1.0

MODEL SEIS DAMPING 0.7
NUMBER OF RUNS 1000

NUMBER OF ITERATIONS 10
ANNEALING TEMPERATURE 1.0
ANNEALING TEMPERATURE STEP 0.7
RADIATION PATTERN WEIGTH 1.0
VELOCITY (m/s) 5000

DENSITY (m”3/kg) 2700

LOW FREQ INVERS -1.0

HIGH FREQ INVERS 20.0

PITSA prompts first for the number of points of the FIRE taperingdctot pre-
pick window length in fraction of theverall FFT windav and the number of
points for smoothing the spectra (Figure 6-42).

Figure 6-42. Input panel for moment magnitude estimation.

Specify nfft trace. tapering frac. window frac. smooth
EEEB S0, 200000,0,050000, 4 i
.separate by commas

A noise sample with the same length as the phaseleit is talken just in front of
the selected pick.

Next you are askd to input the phase ID which yoamt to use for estimating the
moment magnitude (Figure 6-43).

Figure 6-43. Entering the desired phase ID

Specify phase id
fv

In order to estimate an instrument corrected moment magnitude, PITSA prompts
for the calibration file of the instrument (Figure 6-44).
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Figure 6-44. Name of calibration file for used instrument.

Enter calibration file for instrument

-

eturn if specify instrument manually

If you dont want to use a specific calibration file (or you just t&now it
exactly), you are asld to entereturn Now, PITSA will ask you to input the cali-
bration information manually (Figure 6-45).

Figure 6-45. Calibration inf ormation of used instrument.

Enter calibration fc. damping . gain. sensor typeidisp = 1, wvel = 23

E] QOO000, O,707000, 1.,000000, 2

PITSA will now try to perform an iversion using the gen spectra and anneal-
ing.cfg file.

The result is plotted as a colored model eungether with the spectra of the
selected phase windpthe smoothedarsion and the noise spectrum. Please be
aware that PITSA only computes a model spectra if 10 speettsd of the signal
are abwe the noise spectrum.

Next a popup menu will appear in the PITSA main screen. Here the user can decide
whether to control the output model fit interaety (Figure 6-46).

Figure 6-46. Interactive quality control of the fit.

Popup Menu

SelectingNext Traceor Previous Taceresults in entering into the interai
mode .<Escape>simply accepts all models and all associated moment magnitudes
are stored in the header
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Figure 6-47. Result of inversion in the interactive mode. The blue line is the
model curve, the black lines epresent the original spectra, a smoothedev-
sion and the noise spectra,aspectvely. Also the popup menu ér interac-
tive change of the fit is visible
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Adjust Mo. Fc

If you are in the interaste mode, you are able to control the actions via a popup
menu (Figure 6-47)Adjust Mc, fesimply adjust the Moment and the corner fre-
guengy of the assumed Brune source model. A cross hair cursor will appear and
you can set the fit to awevalue.Adjust Qwill adjust the Q-alue of the model and
leaves the rest unchangeskcceptwill accept either the original model or the man-
ually adjusted one. Selectitgnore deletes this spectra out of the channel list and
no magnitude is computed.

The moment magnitud®!,, is computed using the equations:

3
My = gllogloMO—6.063 andM, = ‘w

M, represents the Moment, P the platealue of the spectrunp the density of
the propagtion mediumA the typocentral distance, v the P- or Sawe \elocity
andR the radiation patterrattor
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6.6 Integrate

Numerical intgration of a seismic trace is used tov@n an acceleration-propor-
tional record to aelocity-proportional record, or alocity-proportional record to

a displacement-proportional record. This may be necedsamscample, in order

to male a magnitude measurement (Section 6.5). This is done by selecting one of
the methods undd®outine ®ols -> Integate The choice of method has conse-
quences for the spectral properties of the resulting signal:

Table 6-7. Spectral properties of integration methods

Method Effect on spectral properties I

Tick’s rule Overemphasizes high frequencies with respect to the trug fre-
gueng response of an ingeating filter

Trapezoidal Underemphasizes high frequencies with respect to the trge

rule frequeng response of an ingeating filter

For a discussion of the frequgnesponse of numerical imeation using recurge
filters see Hamming (1983).

After a channel list has been specified, PITSA will display the first trace along with
the intgrated trace (Figure 6-48)oY hare the usual choices of what to do with

the nev trace, and, in the case of multiple traces, the option to use this choice for all
remaining traces as well.

Figure 6-48. Integration r esult.
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An integrated trace will often va a significant linear trend, as in Figure 6-48,
which is caused byven a small amount of baselindsaft in the original trace.
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6.7 Differentiate

Numerical diferentiation of a seismic trace is used tovawha \elocity-propor-

tional record to an acceleration-proportional record, or a displacement-proportional
record to a glocity-proportional record. This may be necessaryexample, in

order to mak a magnitude measurement (Section 6.5). This is done by selecting
Routine ®ols -> Differentiate There are no options for this tool.

After asking for the channel list, PITSA will display the first trace along with the
differentiated trace (Figure 6-49)olY have the usual choices of what to do with

the nev trace, and, in the case of multiple traces, the option to use this choice for all
remaining traces as well.

Figure 6-49. Differ entiation result.
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6.8 Baseline Corections

The tools under the Routin@dls -> Baseline Correction are used to determine
and subtract the sy varying components of a seismic trace. The options are:

* Running Average (Remee)
* Running Arerage (Kep)

* Offset Remwal

* Linear Trend

* Linear Rgression

With ary of these options, PITSA will ask for a channel list to process, and then
display the first pair of original and baseline-corrected traces (Figure 6€30). Y
have the usual choices of what to do with theviace, and, in the case of multiple
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traces, the option to use this choice for all remaining traces as well. The main dif-
ference in the display for these options is that the pop-up notewviniigrovide
different information, corresponding to the specific method used.

Figure 6-50. Baseline corection result.
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Some of the problems calling for a baseline correction can also be dealt with by
low-pass filtering (Section 7.1.3).

6.8.1 Running Average (Remeoe or Keep)

For either of these twoptions, the baseline is calculated from the original trace by
sliding an &eraging windw of a gven length wer the data seriesoFeach win-
dow position, the baseline is calculated as therage alue in the data winda

The running gerage of a data trace is sometimes of interest by itself. It can be
saved for further processing by selecting fenning Aerage (Keep)option.

When either option is selected, you will beedito enter the width of theerag-

ing window in seconds. The windolength is directly proportional to the “smooth-
ness” of the correcting baseline.

6.8.2 Offset

Here, the baseline is simply the DC componewer@ge alue of all points) of the
trace.
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6.8.3 Linear Trend

This approach calculates the baseline as the connecting line between the first and
the last data points of the trace (Figure 6-51).

Figure 6-51. Linear tr end removal.

r[j pitsa K
goggg,of T T T T T T T T TTTTTTTTTIT T T T T T T
1
[Fu ]
=
[Fu ]
oo T I T T T O O O
o= 5~ I T Y Y I B
1
[Fu ]
=
[Fu ]
— Ll 1)1
i Popup Menu j 4.0 5.0
| What do you want to do with new trace(s)?|
Accept/Append Traces aFF

Accepts/Replace Traces

I |
I |
| Ignore Mew Traces |
\ }

{ESCAFE>

6.8.4 Linear Regression

Here, the baseline is determined as the best fitting line calculated from a linear
regression analysis of the trace (Figure 6-52).
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Figure 6-52. Linear r egression baseline coection.
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CHAPTER 7

This chapter describes the more sophisticated processing tools to be found in
PITSA, under thédvanced Toolsption of the main menuable 7-1 outlines the
mary tools aailable.

Table 7-1. The options available under Advanced Tools.

Menu Selection

Description

Filter Various filters including band-, high- andvgass filters;
a de-ringing filter; a notch filter; a usgpecified pole-
zero filter; and a usetefined diference equation filter

Spectrum Calculate FFTs, irerse FFTs and maximum entyop

spectra. Demultipbecomple spectra into amplitude,
phase, real and imaginary parts; multiieo real traces
into a compl& spectrum; Peer Spectral Density; dis-
crete vavelet-transform.

Xcorrelation

Scaled and unscaled cross-correlation af thaces.

(De)corvolution

Corvolution and decorolution of two traces.

Particle Motion

View ground motion in 2 or 3 dimensions. Also pick
phases and angles.

Envelope / Hilbert Tans

Envelope or Hilbert transform of a trace.

Rotate Components

Rotate components in 2 or 3 dimensions.

Polarization Filter

Polarization analysis in 2 or 3 dimensions.

Cross Spectrum

Cross-spectrum of twtraces.

Coherence Spectrum

Coherence spectrum of tviraces.

Response Spectrum

Response Spectrum

Spectral Ratio

Spectral ratio of tw traces
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7.1 Filter

To filter selected traces, select one ofAldeanced dols -> Fiter options. From
theFilter menu, there are 10 options from which to choos®lér7-2):

Table 7-2. Options under the Advanced Tools -> Filter Menu.

Butterworth Filters
(Band-, Lav- and
Highpass)

Recursie time-domain filters using the bilinear z-transforml
design of Stearns (1984). Applied in sections of 40 dB/decgde
or 12 dB/octsge for the slope of the transition band. ¥meay
be given zero phase characteristic by bilateral filtering.

Gaussian Bandd3s
Filter

Zero phase frequepalomain filter Best time resolution for a
given bandwidth.

De-Ringing Filter

Remares the dkct of reverberations in a ater layer or a laye
of shallawv low velocity sediments (Backus, 1959).

Notch Filter

Recursie time-domain filter using the design routine from
Press et al (1988).

Seidl's Simulation

Instrument simulation using the method of Seidl (1980)

Difference Equation

A general linear time-irariant (LT1) system can be completel
described by a linear di@rence equation. @én the codicients
in an ASCII file, PITSA will directly apply the dérence equa
tion to the input trace.

GSE Calibration File

Frequeng-domain filter for a GSE calibration section yiced
in an ASCII file.

Evaluate GSE
Response

Evaluate and displayarious aspects of the frequgmesponse
function (e.g. group delaphase delayetc.) for a GSE calibra
tion section preided in an ASCII file.

7.1.1 Forward-Backwards (Bilateral) Filtering

For some of the filter options, PITSA will ask if the filter should be apphied “

ward backwards ", meaning bilaterally (Figure 7-1). If so, the trace will be fil-

tered twice (in opposite directions) to produce a zero phaseBiliateral filtering

will make the filter transition band(s) twice as steep.

Figure 7-1. Bilateral (“f orward-backwards”) filter option.

Filter forward backwards (y/ny 7

n

{y -» zero phase filter)
NOTE: zero phase option doubles the

steepness of the transition band!

7.1.2 Butterworth Band Pass

The user must pride input for three parameters:

* Low and high cutdffrequencies.

* Whether or not to filter “forards backwrds” (Figure 7-1).
* Number of filter sections. Each filter section corresponds to an increase of the

slope of the transition band by 20 dB per decade.
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Figure 7-2 shars the impulse response of the filtérace 1 is an impulse filtered
forwards only (trace 2) and then fawds backwrds (trace 3). Notice that the zero

phase filter is acausal (the output signal starts before the input signed)arri

Figure 7-2. Butterworth bandpass filtering of an impulsive signal. Tace 2 used

cutoff frequencies of 10.0 and 30.0 Hxyrfvard filtering only, with a three

section filter,

Trace 3 usesdrward-backwards filtering.
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Figure 7-3. FFT of the traces in Figure 7-2. Note the steeper slope of the transi-
tion band for the bilateral filter used in trace 3.
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7.1.3 Butterworth Low Pass

The user must prade the same input as for the bandpass filter (Section 7.1.2),
except only a single cut-bfrequeng is required.

Figure 7-4. Impulse response of a Butterwrth low pass filter (2 section Butter-
worth Low Pass filter with a comer frequency of 4 Hz) both causal (trace
2) and acausal (trace 3).
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Figure 7-5. The FFTs of the traces in Figue 7-4.
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7.1.4 Butterworth High Pass

The user must prade the same input as for the bandpass filter (Section 7.1.2),

except only a single cut-bfrequeng is required.

Figure 7-6. Causal (trace 2) and acausal impulsessponse of the Butterwrth

high pass filter

r[j pitsa

]

T.of T T T T T T 11 T

I T T A R

(13

o.ezgas) T T T T T 1T 11 T T T 1T

=0.34753) ) o g R

o.resFs T T T T 1T 11 T T T 1T

=0.1898 ) oo T O

0,0 0,2 0,4 0,6 0,8 1,0 1,2 1.4 1.6
TIME [sec]

Action: Idle Mode: MNormal Hardcopy: OFF

Figure 7-7. The FFTs of the traces in Figue 7-6.

r[j pitsa

0.1 L T T T [

0,01

0,001 L

0,01 [

0,001

00,0001

1e-05 L

(23

0,01 [
0,001

00,0001
1e-05
1le-06

1e-07
1e-08 Lt Lol [

(33

0.1 1 10
FREGUEMCY [Hz1

100

Action: Idle Mode: MNormal Hardcopy: OFF

PITSA Uses Manual

7-5



Chapter 7

7.1.5 De-ringing Filter

De-ringing filters are used to ren@reverberations in shalw low-velocity sedi-
ments or in \ater layers. The user enters the assumed reflectioficafof the
shallav layer boundary and the daway travel time within this layerlf the input
values match the conditions which produce ringing in the seismic record, the de-
ringing filter will eliminate all rgerberations within this layer (see Figure 7-8).

Figure 7-8. Example of the de-ringing filter The upper trace shavs a synthetic
input signal containing multiple reflection signals at a distance of 0.5 sec-
onds. The amplitudes deazase with a factor of 0.5. The bottom trace has
been filtered with a de-ringing filter with a reflection coefficient of -.5 and a
2 way travel time of 0.5 seconds.

r[j pitsa R
T.O T T T T T T T T T [ T T T T T T T T T T T 1T T
(13
i
B T T T A A A
oI =7=Y 3 = I I O Y IO I A
(23
L T O A O A
0.0 1.0 2.0 3.0 4.0 5.0
TIME [gecl
Action: Idle Mode: MNormal Hardcopy: OFF

7.1.6 Gaussian Band Rss

The Gaussian bandpass filter is a non-causal filter which is applied in the fyequenc
domain. ler a given center frequeyd..rand a gien bandwidthu, the Gaussian:

g T2~ feend)?
PO g2z O

is calculated and multiplied with the FFT spectrum of the input trace. Subse-
quently the irverse FFT is calculated. The user entalses for the center fre-
queny f.enrand the bandwidth.
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Figure 7-9. The impulse response of the Gaussian BandaBs filter with a center
frequencyf gyt Of 5 Hz and a bandvidth o of 3.5.
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Figure 7-10. The FFT of the traces in Figue 7-9.
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7.1.7 Notch Filter

Notch filters are designed to remeoonly a narrev frequenyg band around a certain
center frequenc User input consists of the notch center frequeamd the notch

width. Notice that the notch width has to be entered in fractions of the notch center
frequeng. Due to the underlying design procedure (bilinear z-transform), this filter
should only be used for notch center frequencies small in comparison to the
Nyquist frequeng due to inherent non-linear distortions of the freqyengs. It is

wise to alvays check the actual notch frequgmdth synthetic data.
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Figure 7-11. Example of a notch filter The upper trace shavs a synthetic input
signal containing a chip signal (Section 8.1.9)dr fr equencies between 0
and 10 Hz. The bottom trace has been filtedd with a notch filter with a
center frequency of 7.5 Hz and a notch width of 0.5. Notice that the signal
is ‘pinched’ at around 3.0 seconds instead of at 7.5 seconds as one might
expect since the equationoir the chirp signal is y(t)=sin(t)*t) and 8(t)=7.5
Hz when t=7.5 seconds. This is because the instantaneowejfrency is
defined as d/d#(t) for y(t)=sin(B(t)*t) (Gibson p. 140).
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7.1.8 Seidl’'s simulation

The numerical simulation of records of particular instruments is one of the funda-
mental problems in the processing of digital broadband seismograms. Here, as one
of the possible approaches, the method of Seidl (1980) has been implemented. It
allows the simulation of arbitrary seismograpdvgnometer systems using a time-
domain recursie filter The user must pwide input for three parameters:

* Channel list to process.

* Eigenfrequencies and dampinglwes of the actual seismometie simulated
seismometer and potentially alsoavgnometerlf -1,-1 are gien for the gl-
vanometer eigenfrequenand damping, theajvanometer response is ignored.

In addition, the gin factor (last parameter in input line) can be used to scale the
amplitudes of the traces while simulation filtering is performed.

For numerousxamples of the performance of this technique see the original paper

of Seidl (1980).

7.1.9 Difference Equation

An important vay of describing linear timewariant (LT1) systems is by means of
linear diference equations with constant dwéénts. A general m-th order téf-

ence equation can be described by:
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m n
Vi = ) aikt ) bk
K=1 k=0

The coeficientsay describe the feedback part of the system and are called the
autorgressve (AR) coeficients. Codicientsb, control the “feed-fonard” part

and are called mung average (MA) codfcients. In order to use the flifence

equation directly for filtering in PITSA, you must first create an ASCII file contain-
ing the sequence of AR parameters on the first line and the MA parameters on the
second line. The caoi@ients on each line are separated by commas. Since the first

m
summation > &y Starts at inde1, the first parameter on line 1 of the input
k=1

file is interpreted ag;. In order to simulate a purely autgressie system, you
would enter a single 1.0 for the MA paramdig(line 2). The parameter file for a
purely autorgressve filter of second order with AR parameteys= 1.8,a, = -.9
would look like:

18,-9
1.0

In Figure 7-12, a sequence of 512 points of Gaussian white noise witfs@inodf

1 has been filtered using the filter parameterselibus simulating an AR process
of second ordeAfter the channel list for processing has been selected, PITSA will
prompt for the name of the parameter file. Before filtering, it will display a list of
AR and MA coeficients in the upper left hand corner of the screen.

Figure 7-12. Difference equation filter The upper trace shavs the filter input
signal. The bottom trace has been filtexd using the diffelence equation
with AR parameters a; = 1.8,a, = -.9, andbg = 1.0.
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7.1.10 GSE Calibration File

The GSE calibration file filter is a filter which is applied in the frequeloenain.
The FFT spectrum of the selected trace is calculated and multiplied with the FFT
spectrum calculated from the informationeyi in the input file.

The user is prompted for the name of this file which has to be in GSE calibration
section format. Né, the user is agk for the number of points for the EFAITSA

will provide a dedult value which is lage enough towid wrap-around éécts.

You may alvays increase the numbass long as it is a per of 2, lut using a

smaller number will lead to spurious results.

Finally, the irverse FFT is calculated and input and output trace are displayed
together

7.1.11 Evaluate GSE Response

For transfer functions of arbitrary instrumentsagi in GSE format (see Appendix

F), PITSA allavs the galuation and display ofarious properties of the frequenc
response function such as amplitude- and phase response, real and imaginary parts
as well as group delay and phase delay

The user is prompted for the name of an ASCII file containing the instrument
description in GSE format. Subsequenthe user has to prime the sampling fre-
gueng in Hz and a fictitious time for the frequgmesponse function (here called
time of first sample). This time is chexkaginst the walidity time prosided in the
GSE headelf the fictitious time does noall within the \alidity time range, a
warning is issued (without further consequences).

Next, the user is agld for the number of points for the FRRITSA will provide a
default value which is lage enough towaid wrap-around éécts. You may alvays
increase the numheas long as it is a pe@r of 2, lut using a smaller number will
lead to spurious resultsodether with the sampling frequgngsed, the number of
points defines the frequencange used for thevaluation of the frequeryc
response function. The smallest frequefar which the response isaluated is
given by the sampling frequendivided by the number of points used for the FFT
This value defines also the frequgnoncrement between neighboring frequenc
points. The maximum frequepnéor which the response function isaduated and
displayed corresponds to half of the sampling frequenc

Next, the user has to select the quantity to displag possible options are:
* Amplitude In this case the amplitude of the frequenesponse function is dis-
played.

* Phase shift [dgrees] Displays phase shift in geees. Note that a simple phase
unwrapping algorithm is used.

* Real part Real part of the frequepcesponse function.

* Imaginary part Imaginary part of the frequepncesponse function.
* Group delayin seconds

* Phase delayn seconds.

After the axis type has been selected from eitsrLIN, LIN-LOG, LOG-LIN,
andLOG-LOG the selected quantity is displayed. As gameple, the amplitude
part of the frequencresponse for WWSSN short period instrument is displayed in
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Figure 7-13. Amplitude part of the fr equency esponse function of a WWSSN
short period instrument.
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7.2 Spectrum

PITSA contains seeral tools with which to carry outuestications of the spectral
content of seismic traces and vedetween the frequepand time domains. The
fundamental tools, of course, are tresH-urrier Tansforms (FFT) and werse

FFT. The spectralalues shan have been multiplied by the sampling rate in order
to approximate thealues of the &urier transform within the gén frequeng band
(Press et al., 1988). While the type of spectral information displayed may be cho-
sen freely between amplitude, phase, real or imaginary component, internally it is
always lept in its full complg form.

To process the amplitude, phase, real, or imaginary component of a spectrum sepa-
rately (as if thg were real slued time series), you can demultiptee complg

spectrum into a real trace containing only the component of interest.vEnsdan
operation, hamely to combine (multigjegwo real \alued traces containing ampli-

tude and phase, or real and imaginary components of a coggaetrum into its
multiplexed from, can be performed as well.

For signals which hae been produced by autgressie processes, the FFT is not
the best \ay to estimate the spectral content of the signal. In this case the maxi-
mum entrog spectrum ders a much better spectral resolution.
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Table 7-3. Spectral Analysis Tols.

Menu Item Description

FFT Fast Fourier Transform.

Inverse FFT Inverse fast Purier Transform.

Multiplex to FFT Combine constituent component traces into full compfeec-
Format trum.

Demultiplex from Convert full complex spectrum into constituent component
FFT Format traces.

ME Spectrum Maximum entro spectrum.

POW Spectrum Power Spectral Density

Wavelet Transform discrete &st Wavelet Transform

7.2.1 Number of Points Used br FFT

The spectral analysis tools in this section enfikquent use of the FFT andénse
FFT tools. In each case, PITSA will prompt for the number of points to use, and
provide a deult value which is lage enough towid wrap-around éécts. You

may alvays increase the numbaess long as it is a peer of 2, lut using a smaller
number will lead to spurious results.

7.2.2FFT

Before calculating a spectrum, you wilMesa chance to zoom in on a selected por-
tion of the trace. As described in Section 6.1, this can be done using tapered or
untapered zooming (for untapered zoom, the user enters a taper fraction of 0). If
spectral leaking is a concern, choose an appropriate taper function and enter a non-
zero taper fraction. The folldng taper functions are implemented:

* Bartlett

* Cosine

* Hanning
* Hamming
* Boxcar

* Parzen

*  Welch.

Figure 7-14 shws the diferent taper functions.df a discussion of the issues
involved in selecting a taper function see Press et al. (1988).

7-12
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Figure 7-14. The shapes of the diffeent taper functions.
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PITSA will then prompt for the channel list, the zooming method, and finally the
tapering fraction. The tapering fraction is the fraction of the trace that will be
altered by the tapering functionofFexample, if a tapering fraction of 0.2 is
entered, 10% at the ¢i@ning and10% at the end of the input trace will be influ-
enced by the taper function.

Next, PITSA will display the first trace both untapered and tapered (Figure 7-15)
and ask the user for the number of points to use for theviAidh must be a peer

of 2. PITSA will provide the user with a dedilt value that will be a pmer of 2 and

be greater than or equal to the number of points in the input trace.
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Figure 7-15. PITSA prompting for the number of points to use ér the FFT.
The actual taper function used is werlaid on the taperd trace.
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PITSA will now calculate the FFT for thewgin data windw. The spectrum isdpt
as a series of compleaumbers in a multipled format. The folleing options are
available for the display:

Table 7-4. Spectrum display types

Display
Option Description

Amplitude | Absolute alues of the complespectral mlues multiplied by the samplinl
rate

Phase Phase spectrum to be displayed in radians, using a simple phase urlrvrap-
ping scheme (Stearns andvith 1988).

Real Real alue of the FFT

Imaginary | Imaginary part of the spectrum

It is also necessary to choose the axis types for the disghaye the first specifica-
tion refers to the x-axis and the second to the y-axis:

e LIN-LIN

e LIN-LOG
* LOG-LIN
e LOG-LOG

Note that logrithmic axes are only permitted for posiéi values. A popular display
type for spectra of seismic traces is @G - LOGdisplay of the amplitude spec-
trum. Figure 7-16 shes the display after an FFT has been calculated for a trace
and added to the list of traces in memory
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Figure 7-16. FFT Result. The upper trace is the trace that the FFT was calcu-
lated for and the lower trace is the FFT Here the amplitude is displagd
with a LOG - LOG scale.
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7.2.3 Inverse FFT

Thelnverse FFTtool is used to calculate the time series corresponding to a spec-
trum. PITSA will check to maksure that the selected traces are in the right format
(i.e., multiplexed). Figure 7-17 shes the final result of taking thevierse FFT of

the spectra in Figure 7-16. Notice that the length of the time series resulting from
an inverse FFT is atays a pwer of 2.

Figure 7-17. Inverse FFT calculated fom the spectrum in Figure 7-16.
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7.2.4 Multiplex to FFT F ormat

TheMultiplex to FFT formatool is used to combine a pair of traces representing
the components of a comglspectrum into the corresponding multi®d spec-
trum. This tool is used in specialized circumstances where you anaytevper-
form certain filter operations on spectral components sepanaetynbine them,
and finally transform the resulting spectrum back into the time domain.

There are tw options, depending on the components represented by the trace pair:

* Amplitude, Phase
* Real, Imaginary

The channel list should specify the component traces in the oveerfgr each
option. Both traces must be a length of w@oof 2. The resulting multipked

trace will have the same format as a comp$pectrum and can be treated as such,
e.g., for calculating the werse transform. PITSA will prompt for the axis type to
use in the display (Section 8.2.6).

Figure 7-18 displays a comglepectrum in trace 1yen though only the ampli-
tude part can be stw, the trace represents the full multi@d spectrum. Most of
PITSASs tools cannot be used with this trace.

Figure 7-18. Display of a complex spectrum (trace 1) and its coesponding
amplitude and phase components (traces 2 and 3).
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In the same figure, traces 2 and 3 display the amplitude and phase components of
the compl& spectrum represented in trace 1.yhan be operated on by most of
PITSAs tools, and thecan be recombined into the full multipésl spectral repre-
sentation. If thg were displayed with the same axis types, traces 1 a2l \lwe
appear identical ven though therepresent dférent things.
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7.2.5 Demultiplex from FFT Format

Certain tools within PITSA can only be applied to realsed traces, hence théo
not apply to spectral traces in their comxpiermat. If you wish to process the
amplitude or phase (oalternatvely, the real or imaginary) components of a spec-
trum separately (e.g., to igpete it or smooth it, etc.), you can useEremultiplex
from FFT Formatool to separate the complspectrum into traces containing
only selected components, which are reflected in the options to this tool:

e Amplitude

* Phase

* Real part

* Imaginary part

The selected component will betiacted as a realalued trace. Of course this tool
only works on a trace representing a comppectrum (e.g., trace 1 in Figure 7-
18).

7.2.6 Maximum Entr opy Spectrum

The ME Spectrumool is used to calculate a spectrum from a time series using the
maximum entrop method. Maximum entrgpspectral analysis is a data-adegpti

tool for the analysis of signals produced by awgmeesie processes. Its strongest
point is its \ery good spectral resolution. Its weakpoint is that the order of the
process must be knm. It should be emphasized that the maximum eptspec-

tral analysis method is only applicable to feedback systems (Keichs&981).

There are tw options for this tool:

* Normalized (scaled to a maximuralue of 1)
* True \alue (no scaling)

PITSA will prompt for the name of the AR output file in which to store thefieoef
cients of the prediction error filter which are calculated in the course of the maxi-
mum entrog spectral estimation. Filexeensions will be added automatically
beginning witha01, a02 , a03 , and so forth.

PITSA will prompt for three further input parameters:

* The order of the process.
* The maximum frequencfor which a spectralatlue should be calculated.
* The step width\f [Hz].

Spectral @lues are calculated from 0 frequgnip to the maximum frequenn

steps ofAf Hz. The AR parametees;, ay, ...a, (with mbeing the specified order of

the process) will be written to the output file. This file can be used directly as input
for filtering using theéDifference Equatiofilter option (Section 7.1.9).

For details on the estimation of the AR ordée calculation of the ME spectrum
and further discussion of its properties see Kamiz$e(1981), and Press et al.
(1988). Figure 7-19 shkes an @ample of a ME spectrum calculated for an autore-
gressve process of order 2. The time serieswwroduced using tHgifference
Equationfilter option (Section 7.1.9) with AR cdefientsa; = 1.8, anda, =-.9 on

Gaussian noise.
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Figure 7-19. Maximum entropy spectrum.
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The corresponding AR parameter file contains thewviafig lines:

#1.813720 1 -AR-Parameter
#-0.916940 2 -AR-Parameter

#Pm = 0.011553 N =512 FPE =0.011689
1.813720, -0.916940

#No MA parameters

1.0

Lines starting with are comment line$m N, andFPE are the pwer of the pre-
diction error signal, trace length in points, and final prediction eeepectiely.

7.2.7 POW Spectrum

The POW Spectruntool is used to calculate thewer Spectral Density (PSD) of
the input time series. There am@ious vays to compute the PSD.e/fbcus here
solely on the algorithm called timeexaged Periodogram introduced bgléh
(1967).There are tavoptions for this tool:

¢ Normalized
e True PSD ¥lue.

The first simply normalize the spectrum to 1.0. The latter computes thedh&D v
according to:

F>Total = Zp(f) = o0?

HereP(f), Prqa represent the PSD Spectrum and the toteldPof a stationary
random process with normal distitibn. o2 is the \ariance of the process. After
asking for the input channel list, PITSA prompts for zooming the input trace, the
length of the sgment in points (pwer of two). Please é&ep in mind that the fre-
gueng resolution is gien by:
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Af =

z| >

HereN represents the number of points pgrsent and), is the sampling rate.

Next you are aséd to use 50%\@rlapping sgments or noeerlapping in order to
compute the PSD. Eachgseent is also tapered using &Mh windav. Next

PITSA prompts for the number ofggaents to use for PSD. Refit is the maxi-

mum number of gaments (according to the number of points pgrsnt gven

before and thewerall trace length). Finally you are askafter hav mary sey-

ments you \ant to plot a first approximation of the PSD. This is especially useful
testing the assumption of stationary time series. Before plotting PITSA will prompt
for the display type of the traces.

Figure 7-20. Power Spectral Density after 10 steps.
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Figure 7-20 shes the PITSA screen after 1(Qgseents FFTs are stamtt. At the

top panel the diérence between the actual PSD and the result of eight FFT stacks
is shavn. On the laver panel both spectra are sl The color line represent the

old the black line the mePSD. Nav, you are aséd for continue or stop adding

new segments.

7.2.8 Wavelet Transform
Warning: this tool is for adanced users only!

The wavelet transform tool is used to compute spectrograms or to be more strict so
called “scalograms”. The final plot represents the time - scale (fregudistribu-

tion of a single input time traceoFa more detailed description we refer to the
excellent text book of Chui (1992) or for a more brief discussion to Press et al.
(1992).
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The input signal is decomposed usinguaily of different orthogonal signals

(called vavelets) which are subsequently shiftegiothe trace. Diérent scales
represent dferent contraction or dilatation of theavelets (and therefore @#frent

center frequencies and bandwidths). Thus the final output is a projection of the sig-
nal onto the orthogonahmily of wavelets. In addition, it is possible to transfer the
wavelet coeficients (i.e. the scalingttors for the dférent vavelets) to the PITSA

main screen.

There are tw options for this tool:
o Wt
* Inverse Wt

The first option performs theawelet transform, the latter enables the user to com-
pute a receered \ersion of a signal using\gn wavelet coeficients.

7.2.8.1Wt

First of all PITSA prompts for either scrollinger the data or computing the Wt of
the whole data trace (Figure 7-21). In the first case only the scalogramsvane sho
and no additional output possibility isvgh.

Figure 7-21. What to do popup menu.

Popup Menu

What do you want to do?

i Just scrolling F

| Compute all I

1 {ESCAPE> ]

After specifying the input channel list PITSA prompts for zooming a time windo
out of the trace. The user can either accept the time windaoom some specific
time using the gien options.

Figure 7-22. Zooming popup menu.

I' Popup Menu

Zoom Window Selection Method:

Single Cursor

Index

0

|
Double Cursor |
|
|
{ESCAPE> |

I
I
I Accept window as i
I

Warning: the Wt tool only verks correctly if the user specifies a number of points
which is a pwver of two! Otherwise the trace is truncated taveo of two next to

the input length. In order to display the resulting scalogram only a number of
points less or equal to the double horizontal number of screels gxallaved. In

this case the PITSA main frame has to be gelhto the full screen size. A good
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choice for a 20'screen is 2048 points. This is not cross cleddy PITSA! It is
only possible to compute Wt for a longer time series using the scrolling option in
the Wt tool.

After selecting the time winadg PITSA prompts for the awelet family used for
calculation (Figure 7-23). There are three standaxeblets implemented in
PITSA (Daubechies 4, 12 and 20prEhe eact coeficients and theerall beha-
ior we refer to Press et al. (1992). It is also possible to import yaumnavelet by
selectingself definedln this case PITSA prompts for the ASCII input file name.
The wavelet coeficients has to be written in a separate line each.

Figure 7-23. Wavelet choice popup menu.

—
Popup Menu

Wavelet type

Next PITSA asks the user to specify the length of the data trace which must also be
a paver of 2 (Figure 7-24).

Figure 7-24. Data length input window.

Enter number of data points for WT

1024

Must be a power of two. 1024 points already selected

In order to display the absolutalues of the avelet coeficients, the user is able to
chose between three fdifent types (Figure 7-25).

Figure 7-25. Display type popup menu.

H

K|

Popup Menu

Display type

Before plotting the result of the Wt, PITSA prompts for changing the scaling for
the minimum and maximurmalues of the avelet coeficients (Figure 7-26). The
user is also able to change this input settings while displaying the resulting map.

PITSA Uses Manual 7-21



Chapter 7

Figure 7-26. Changing the scaling of the weelet map.

Enter Minimum and Maximum of the Scale:

% 7, 07805e-07 . 3,83351
Trace_min: 7,07805%e-07 Trace_max; 3,83351

If the COLOR_MODE in the pitsa.cfg file is set to COLOR_SCALE the result will
be displayed in color (Figure 7-27). Otherwise it will be presented in grayscale.

Figure 7-27. Colored wavelet scalogram. Also the escaling popup menu is visi-
ble
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PITSA only supports dyadic shifts of themelet and dilatation is limited to the
factor of two. Therefore the first scale represents roughly the freguzanmd of

fnyquist = Fayquist/ 2, the second scale By quist”/ 2 - fnyquist/ 4 etc. On the
other hand time resolution is changing frogm2 in the first scale to
ty/ (scale [2) in the follaving scales.

SelectingBad to Main MenuWPITSA results in the popup menu for the display type

of the wavelet coeficient trace. It is possible to append this trace to xistieg

traces in the PITSA main windo Please beveare that all coditients are written

in one trace all one type of scale. The consequence is that the last 50% of points of
the written trace represent the dadénts of scale 1. The cdigients representing

the scale 2 are stored in the last half of the remaining part of the trace and so on.
Finally the first tvo points represent the remainder of the signal.
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The absolute size of the céiefents of the Wt represent directly the conitibn of
the scaled avelet to the signal at that specific time and scale. Therefore a noise
reduction of the input trace can easily implemented by just ignoring siaedlev
coeficients. This can be done by choosing a threshold in percent of thegleak v

(Figure 7-28).

Figure 7-28. Input panel for lower threshold br output wavelet coefficients.

Enter lower threshold fraction for WT-coefficients

E;1 000000

-1 ignores

Choosing a alue of 0.1 will dischaye all Wt codficients smaller than 10% of the
maximum alue. Finally PITSA prompts fgkccept/Appenthe wavelet coeficient

traces (Figure 7-29).

Selecting thgust scolling in the first panel of the Wt tool is acting only on the

input length of each Wt slice and the appearance~ofwaard, Bakward option

(Figure 7-30).

Figure 7-29. Wavelet coefficients trace written to the main frame of PITSA.
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Figure 7-30. Wavelet scalogram in the saslling mode.
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Choosing théorward/Badkward option enables the user to select thd e previ-
ous part of the input trace. In addition navelet coeficient trace will be written
using this modéNext Tracewill load the scalogram of the xtetrace in the input
channel list.

7.2.8.2 inverse Wt

Theinverse Wtoption compute a time domain signal using the Wtfazefits.

Only those traces ofavelet coeficients are allwved that follev the output coven-
tion of theWtmodule implemented in PITSA. In order to get meaningful results
the same wavelet family for forward and backard transforming should be used.
The final output is the rewered time trace (Figure 7-31).

7-24 PITSA Uses Manual



Cross Correlation

Figure 7-31. Original trace, wavelet coefficients and ecovered trace using the
Wt and inverse Wt tool of PITSA.
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7.3 Cross Corelation

Cross-correlation in PITSA is calculated in the spectral domain by crmuiki-
plication and subsequenwerse transform.d calculate the autocorrelation func-
tion of a single trace, the user enters the same itwdee. There are twoptions
for theCross Correlatiortool:

* Scaled (by indiidual autocorrelation functions)
* Unscaled

If the Scaledoption is selected, the result is scaled by theviddal auto correla-
tion functions. The autocorrelation function for a single trace wileéran ampli-
tude of 1 at zero lag.

The cross-correlation function will be displayed betbe two input traces (Figure
7-32).

Figure 7-32. Cross-corelation result. Trace 2 is a copy of the first trace with a
10 second shift and noise added. Thesult of the cioss-corelation is
shown in the bottom trace (the trace indices wer enteed asl,2 ). The
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peak on the right side of the xcorelation trace indicates that the second
trace lags the first.
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Peaks in the cross-correlation trace in the left half of the trace correspond to times
by which the second trace leads the first trace. Peaks in the right half of the trace,
however, indicate times by which the second trace lags the first. The amount time
lag is measured from the right end of the trace. In Figure 7-32, the second trace
lagged the first by 10 seconds, and thus the peak in the cross-correlation trace is 10
seconds from the end of the trace. Anothay to visualize this wuld be to cut out

the right half of the trace and glue it on the left edge. Then times to the right of zero
would indicate positie time shifts and times to the lefould indicate ngative

time shifts.

7.4 (De)corvolution

TheAdvanced Tools -> (De)convolutidool gives the user access to bothwmo-
tion and decomution tools. Cowolution can be performed in either the frequenc
domain or in the time domain. Decatution can only be performed in the fre-
gueny domain. Therefore the optiongadlable under this menu item are:

e Convolution (FREQ)

* Decorvolution (FREQ)

* Convolution (TIME)

7.4.1 Convolution (FREQ)

Select the optio@onvolution (FREQJo perform cowolution (u(1) * u(2)) in the
frequeny domain. The corolution is performed by multiplying the comglepec-
tra of the tvo input traces and then performing aveirse FFTPITSA will display
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the input traces together with the trace resulting from theobation (Figure 7-
33).

Figure 7-33. Convolution in the frequency domain. Tace 2 was useddr u(1)
and trace 1 br u(2). The resulting corvolution is showvn in trace 3.
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7.4.2 Convolution (TIME)

To perform cowolution in the time domain, select the opti@anvolution (TIME)
PITSA will prompt for the trace indices to use for u(1) and u(2), where u(2) is the
denominator trace for decawlution. PITSA will display the te input traces and

the resulting trace.

7.4.3 Decorvolution

To decorolve in the frequencdomain (u(1)/u(2)), select the optiBeconvolu-

tion (FREQ) To perform the decaolution, PITSA will tale the iverse FFT of the

ratio of the compbe spectra of the twinput traces. In specifying the channel list,

the first channel indecorresponds to the numerator spectrum and the second chan-
nel inde to the denominator spectrum.

Next, you will be prompted for the so-calledterlevel. In decowmolution, a small
value in the denominator spectrum will cause an instability of the speigbddi
All spectral \alues less then theaterlevel to be “filled up” to the waterlevel. In
PITSA, the vaterlevel is referenced to the maximum spectile of the ampli-
tude spectrum of the denominator spectrum in @B .ekample, entering20” for
the waterlevel, will cause all spectralalues in the denominator spectrum with an
amplitude alue belav 0.1 of the maximum spectrahle to be filled up to the
waterlevel value. The phasealues of the spectrum are uieated by this process.
A message winde will display information about the number of spectaues
found belav the waterlevel. The “quality” of the decamlution result may strongly
depend on the selection of a propetevierel (see Figure 7-34)
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Figure 7-34. The result of a decomolution. The first three traces come fim
Figure 7-33. Taces 1 and 2 wheg corvolved to produce trace 3 (indices
were enteed as2,1 ). Then Deconvolution (FREQ) was selected and indi-
ces3,1 were enteied. The waterlevel for this example was puposely set to
20 dB (too small) to demonstrate the sensifity to its proper selection.
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7.5 Particle Motion

Particle motion analysis is an important tool for maeismological problems

(e.g., phase identification, onset time determination, etc.). PITSAsalt® user to
interactvely display particle motion diagrams (hodograms) in 2 and 3 dimensions
for a maring window which can be shifted along the traces witladable step

size. Therefore, there aredwptions gailable for this tool:

e 2-D Snale
e 3-D Snale

PITSA will ask for the channels to use for the specified option (2 channels for 2D
and 3 channels for 3D). PITSA will thenveathe user zoom in on thegien of the
traces that are to be plotted.

After the zoom is finished, PITSA will ask the user for the number of points to use
for the particle motion ‘snak. This will be the maximum number of points that
can be seen in the particle motion projection gtare time (the length of the
moving windaw). For a sampling frequegof 100 Hz, entering20” would result

in a windav of 0.2 seconds nving along the traces. Tli¢eader Access -> Record
option can be used to find the sampling frequéBection 8.3.3). The ming

window is called a snakbecause as the user steps through the traces being pro-
jected, the particle motion line will me in a snak-like fashion with the tip of the
shale pointing tevards positie times. PITSA will also ask the usemhmary

points to mee in the traces for each step. If there aregelaumber of points in

the zoom area, it can t@la long time to step through each widiiial point and it is
desirable to be able to w®more than one point per step.

If the user selected a 3D smakhen additional input will be required. These input
parameters are discussed in Section 7.5.2.
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Much of the uses control for the particle motion displays is through tadkard.
Table 7-5 summarizes these controls.

Table 7-5. Keyboard commands ér particle motion analysis.

Key 2D Function 3D Function

R, -> Moves the snakto the right, or for- | Same as 2D.
wards in time.

L, <- Moves the snakto the left, or back-| Same as 2D.
wards in time.

CR Moves the snakall the vas to the Same as 2D.
right.

1,23 Lets the user pick a phase on either Same as 2Dxeept that the& key
trace 1 or 2. Th8 key has no déct. | picks a phase on the third trace.

A Toggles the arnw mode from arrev | No function.
only at the head; awoat all points;
and no arress.

P, T,D | No function. P increments the phi weng angle
andT the theta vieing angle D
changes the direction of the incre-

ment.
+, - Increments<) or decrements () the | Same as 2D.
shale step size.
? Displays information about the Displays information about the srea}
shale. and the vieving angle.
S No function. Spins the snakabout the Z (or 3)
axis.

7.5.1 2D Snalke

First enter the indices corresponding to the horizontal (x-axis)entidal (y-axis)
coordinate ags, respectely. Then PITSA will hae the user zoom in on the sec-

tion of data to project and ask for the length and step size of the. $tigiire 7-35

shaws the 2D particle motion screen as it first appearshd left, the zoomed up

areas of the component traces are displayed while on the right, the 2D projection is
displayed. When the screen first appears, only the first data point is displayed in the
projection. D view the particle motion, the user steps through the traces by press-
ing either theR key or the right arrey (-> ) key.
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Figure 7-35. The 2D particle motion sceen as it first appears. @ the right, the
two traces useddr the horizontal (x axis; top trace) and ertical (y axis;
bottom trace) component ae displayed. To the left is the partial motion
display.
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Each time th& or right arrev (-> ) key is pressed, the snakvill move forwards in
time by a number of points determined by the sretkp size. Aertical bar will
appear at the lginning of the traces to indicate where the head of theessalks

the snak maoves forvard in time, the head willventually run ofthe end of the

trace and anotheeevtical bar will appear on the traces to indicate where the tail is.
Figure 7-36 shws the particle motion screen after the snh&s been nved to the
right far enough so that both the head and tilisal bars are on the screen. T
move the snaft backvards in time, press thekey or the left arro (<- ) key.
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Figure 7-36. The 2D particle motion sceen after the snak has been meed far
enough to the right so that both the head and tail bars & shavn on the left
hand traces. In the upper righthand coner is the pop-up windav which
displays the time br the data point at the head of the snad.
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The user can change the step size theestas by pressing either thekey (to
increase the step size by 1) or thekey (to decrease the step size by D) view
the step size, the user can hit thkey. PITSA will display a message with infor-
mation about the current sreagarameters (Figure 7-37). A complete list@f-k
board commands can be found able 7-5.

Figure 7-37. If the user hits the? key, PITSA will display information about
the particle motion snale.

20 Particle Motion Information:
Step Size = B

CONTIMUE

7.5.1.1 Estimating polarization anglesdm the 2-D display

In addition to simply looking at the swndimensional projection of the time series
traces, polarization angles of the particle motion can be measured. This is done by
drawing a line on the plot. M@ the mouse to a point where you wish to stasdra

ing a line which will define the angle to be measured. Press the left mdtee b

and drag a line by nving the mouse cursoFigure 7-38 shes the screen while a

line is being dravn this way.
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Figure 7-38. The particle motion screen while a line is being drawn to estimate

angles.
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When the mouseutton is released, PITSA will drea line between the tw
selected points and display the angle of this line in the pop-up wifelgure 7-
39). The angle will be referenced to the start of the linelia map coordinates
(toward the top of the screen is zergues). In order tovaid confusion, PITSA
will draw a small ertical line and circular arvoat the start of the line (s in
Figure 7-39). When you nve the snad agrin the angle tool will be rermed.

Figure 7-39. The 2D angle tool after a line has been completed.
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7.5.1.2 Alternative displays of the particle motion saak

Initially, PITSA will display a single armo at the head of the srakThe user can
use theA key to toggle between this mode andtathers. Pressing thekey once
will cause PITSA to display an amaat each point in the particle motion seak

(Figure 7-40).

Figure 7-40. Displaying an arrow at all points in the particle motion snale.
9450

-9450 9450

Pressing the Ady a second time will change the display so that norariare
shawn.

7.5.1.3 Phase piking from the particle motion plot

You can mak a phase pick at the location of the enhkad by pressing either the
1 key (male the pick on the first trace) 2ikey (male the pick on the second trace)
key. PITSA will display the tet input windav shavn in Figure 7-41. Up to 9 char-
acters can be entered as the phase ID. The user gaandeedit the pickd phase
by going into theRoutine ols -> Phase Pkingtools (see Section 6.4).

Figure 7-41. By pressing either thel (for first trace) or 2 (for the second trace),
the user can enter a phase pick at the location of the sredkhead.

Enter phase id for trace 1

max 9 characters

To re-gain focus. put pointer in upper left box

Table 7-5 summarizes theyjkcommands\ailable.

7.5.2 3D Snake

In addition to the trace indices, size of the particle motionesaall the number of
points to step, the 3D option for tRarticle Motiontool will require some addi-
tional information. The first three questions wilveao do with har PITSA will
project the 3D display onto the computer screen.

For the 3D displayPITSA uses a right hand 3 dimensional coordinate system as
shavn in Figure 7-42. PITSA projects all the 3D points onto an imaginary plane
placed between aypothetical viaver and the 3D coordinate systemuolangles
determine the orientation of the 3D coordinate system with respect to the projec-
tion plane thetaandphi. Thetais the angle which the coordinate system is rotated
about the Z axis. tthetais zero (assuminghi is zero), then the weer’s g/e is
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looking straight devn the positie Z-axis and the -éxis points up and the X-axis
points to the right (Figure 7-42).

Figure 7-42. Projection of the 3D coordinate system onto an imaginary plane
between the viewer and the coordinate systemwb angles, theta and phi,
determine the orientation of the 3D coordinate systemetative to the pro-

jection plane.
Yp
Y (Trace 2) A
X (Trace 1) Xp z}
2078
(A Z (Trace 3) A phi
theta
> Zp
3D coordinate system Projection plane Viewer

If thetais 90 dgrees, then the-#xis points to the right and the X-axis pointsvdo
(Figure 7-43a)Phi is the angle which the coordinate system is rotated about the X-
axis. Ifphiis zero (assuming theta is zero), then theverds looking straight into

the positve Z-axis and iphiis 90 dgrees, then the vier is looking straight into

the n@ative Y-axis. Figure 7-42 shes the projection with botthetaandphi set to

zero. The order of these rotations is important: first the coordinate system is rotated
about the X-axiphi dggrees and then about the Z-axis of the already rotated frame
by thetadegrees. Thus visuallghanging the angle phi willaays rotate the coor-
dinate system about the X-axis of the projection plane (Xp) and changing theta will
rotate the coordinate system about the Z-axis of the 3D system. PITSA will supply
the user with deifult values of -30 dgrees forthetaand 80 dgrees foiphi.

Figure 7-43. View of four differ ent mappings from the 3D coordinate system to
the projection plane. These figues shav the location and direction of the 3
axis on the 2D display

z
Y 7 Z
I—» l Y I—>
z X v Y
(out of page) X X X

Theta=0deg Theta=90deg Theta=90deg Theta=100 deg

Pni =0 deg Pni =0 deg Pni =90 deg Pni =70 deg
A B C D

In addition to changing the orientation of the projection plane with respect to the
3D coordinate system, the user can apply foreshortenimgsfortening mads
objects that are closer to the projection plane appegerland objects that are fur-
ther avay appear smallefypically, with particle motion plots, foreshortening
tends to add more confusion than clarity
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PITSA projects the 3D image onto a planevéals perpendicular to the line
between the viger's /e and the 3D coordinate system origin). The projection
plane is placed at a distancevebg from the 3D coordinate system, which is the
maximum distance gof the particle motion points will be from the 3D origineW
then place the wvigers /e somedctor of this distancensay from the projection
plane (called the distance ratio; see Figure 7-44). The higheathis the less
effect foreshortening will hae on the projected image. PITSA will pide the user
with a dehult value of 50 for the distance ratio, which will result in little or no fore-
shortening.

Figure 7-44. An illustration of how foreshortening is perbrmed in the 3D par-
ticle motion display. Two points are shavn (both in the X=0 plane), one
closer to the viewer than the otherThe projection plane is placed a dis-
tance d from the origin of the 3D coordinate system and the viewer'eye is
placed a factor of distance_ratio times d away &m the projection plane.

In order to map points from the 3D coordinate system, a line is drawn
from the point to the viewers eg and the intersection with the pojection
plane is painted. Thus the point that is closest appears to be taller than the
point further away. In the figure, the first quadrant of the pojection plane

is shawvn.

z

Closer point is plotted higher than the further
point evzen though thg have the sane Zalue (X=0

.\ for both)

=

Y.
- d - ¢ * distance_rati
3D Coordinate system Projection plane Viewer

Finally, PITSA will ask if you vant to plot the snakshadw. It can be dficult to
visualize what the particle motion actually lookslfkom the 2D projection.or

assist in visualization, the projection of the particle motion onto the X-Y plane (or
the shadw that would result from a light source at Z = infinity) can be plotted in
the secondary dvang color (Figure 7-45).
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Figure 7-45. The user can plot the pojection of the particle motion snale onto
the X-Y (or 1-2) plane. The shade will be plotted in the secondary plot-
ting color. In the above figure, it is hard to tell that the particle motion
shown lies within a plane with out the plotting of the shaduw.
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The functioning of the 3D particle motion screen is nearly the same as with the 2D
screen, with some additional functionali®jso, no angle estimation tool igal-

able nor are armes plotted. The user steps the sntikrough the source traces with
theR or right arrav key (->) to move forward in time and the or left arrav key

(<-) to move backvards in time. Phase picks can be made at the location of the
head of the snakwith thel (to pick on first tracel (to pick on the second trace)
and3 (to pick on the third trace)es.

The vieving angle can be changed with #¢to change the phi angle) afdto
change the theta angleys. Pressing one of theseyk will add a small incremen-
tal amount the appropriate angle. The user can toggle the direction of the angle
increment with thé® key. If the user types th key, PITSA will display the infor-
mation shan in Figure 7-46. In addition, the user can spin the particle motion
shale about the Z (or 3) axis by pressing $key.

Figure 7-46. Information display in the 3D particle motion sceen when the
user hits the? key.

30 Particle Motion Information:
Theta = -30,000001 deg

Fhi = 79,999998 deg
Step Size =1
COMTIMUE

Table 7-5 summarizes theyjkcommands\ailable.
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7.6 Hilbert Transform (Emelope)

Waves propagting through an internal caustic within the Earth ugder constant
phase shift of - 90° which corresponds to a Hilbert transform. PITSAde®a
tool, Advanced Tools -> Envelope / Hilbert Trans simulate this éct numeri-
cally. The Hilbert transform can also be used to calculate tredape of a signal.
For a discussion of the theoretical background of this topic see Keinhg@981).
There are tw options for this tool:

* Keep Erelope
* Keep Hilbert Tansform

For each selected trace, PITSA will calculate and display both etope and the
Hilbert Transform (Figure 7-47); the choice of options only controls which one will
be s&ed in theReplaceor Appendstep. Thg can both be s&d in a tvo-step pro-
cess.

Figure 7-47. The result of anEnvelope/ Hilbert Trans calculation. The upper
trace shavs the original trace with the evelope calculation @erlaid on
top. The lower trace shavs the Hilbert transform.
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Figure 7-48 shas the display after aneglope and Hilbert calculation i been
accepted and appended in separate stease T shas data collected at the GRF
station C1 for the Fiji earthqualof June 26, 1990 (lat: 22.02 S; lon: 179.4T¥4:
6.0; delta: 151.4 dp. The data shvn correspond to the PKPasegroup (\ertical
component) and shoits three branches DBC, and AB. The AB branch has
some interesting properties: It corresponds to a maximweltirae path and since
it touched an internal caustic, it has a constant phase shift ofg8€edeThis
means that it as Hilbert transformed. This is withe AB wavelet of trace 1 (the
original trace) and the BCawelet of trace 3 (the Hilbert transformed tracejeha
similar waveform.
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Figure 7-48. PITSA after the ervelope and Hilbert transform has been calcu-
lated for the first trace. Trace 2 has the evelope and trace 3 the Hilbert
transform.
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7.7 Rotate Components

PITSA's coordinate transformation tools, found unsigvanced Tools -> Rotate
Componentsare used to rotate multi-component seismograms into ray-based coor-
dinate systems. There are three options under this tool:

Table 7-6. Component rotation options

Menu Option Description

Rotate N',E' -> N,E 2-D rotation of horizontal components, to correct non-
standard component orientation

Rotate N,E -> R,T 2-D rotation of horizontal components to radial (R) an
trans\erse (T) component.

Rotate Z,N,E -> L,Q,T 3-D rotation to longitudinally- (L), ertically- (Q), and
trans\ersely- (T) polarized components.

Obviously, an estimate of back-azimuth is required for afthese options, and the
3-D option also requires an estimate of incidence angle.

7.7.1 Back-azimuth

The back-azimuth is defined as the angle measured betweetthepointing

from the station to the source and tleetor pointing from the station to the north.

If the data header contains an entry for the back-azimuth angle, it will be displayed
as dehult (Section 8.3.2). The back-azimuth can also be determined from the parti-
cle motion analysis of the horizontal components of theR wortion of a seis-
mogram (Figure 7-49).
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7.7.2 Incidence Angle

The incidence angle is defined as the angle measured between teetoayt/the
station (from the source to the station) and #aetar pointing from the station
straight up. If the data headers contairale for the incidence angle, it will be
displayed as the dafilt values. See thexample in Section 7.7.4.1 for the steps to
estimate the incidence angle from 3-component data.

7.7.3 Rotate N',E' -> N,E

For cases in which the horizontal component seismometeestie®n installed in
non-standard orientations, tRetate N',E' -> N,Eoption is used to rotate the
recorded horizontal components to the standard north (N) and east (E) coordinate
system.

7.7.4 Rotate N,.E -> R, T

TheRotate N,E -> R, Dption is used to rotate the standard horizontal components
to the radial (R) and tranexse (T) coordinate system.

This option may be used to estimate the apparent incidence anglggsgsee
7.7.4.1 belw), which can be measured directly from a particle motion plot of the
radial \ersus ertical particle motion components.

7.7.4.1 Determination of appa&nt incidence angle

This example uses th2-D Snakeool (Section 7.5.1) and ti@&omponent Rotation
tool to determine the apparent angle of incidence.

* Load a 3-component set of traces, assumed to be in the order Z, N, E.

The back-azimuth angle for rotation to the (R, T) coordinate system is determined
from the particle motion plot of the horizontal components of theMe wortion of

the seismogram.

* SelectAdvanced Tools -> Particle Motion -> 2D Snake

e Enter3,2 forthe X and Y components.

¢ Use the Double Cursor method to zoom in on the part of traces containing the P
wave.

¢ Accept the defult for the number of points to use for the particle motionesnak
¢ Enter 1 for the snakstep size.

¢ Step forvard through the trace with tfiekey and use the angle tool to estimate
the back-azimuth (see Figure 7-49).
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Figure 7-49. Determination of the back-azimuth using the 2D particle motion.
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* SelectAdvanced Tools -> Rotate Components -> Rotate N,E -> R, T
* Enter2,3 for the indices of the N and E traces.
* Enter the back-azimuthalue you estimated.

Figure 7-50. The N and E traces otated to the R and T components.
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* Estimate the incidence angle bywiag the R and Z component in the 2D par-
ticle motion plot (Figure 7-51).
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Figure 7-51. Incidence angle determination using the particle motion plotdr
the radial against the \ertical components. The appagnt incidence angle
for this example was appoximately 34°. Notice, that the appaent inci-
dence angle is meased counterclockwise from the \ertical (up) -> positive
radial.
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7.7.5 Rotate Z,N,E -> L,Q,T

TheRotate Z,N,E -> L,Q,Dption is used to rotate components in 3-D, from the
standard coordinate system into the longitudinal (L: along the path of jptapgg
vertically-polarized (Q: as in the SV phase), and trarsaly-polarized (Tas in the
SH phase) coordinate system.

You will be askd to enter the back-azimuth and the incidence anglgnees br
the determination of back azimuth and apparent incidence angle see Section 7.5
and the rample in Section 7.7.4.1. Axample is shen in Figure 7-52.
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Figure 7-52. Original and r otated traces in (L,Q,T) coordinate system. Notice,
that the viewports have been additionally modified to a common viewport.
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7.8 Polarization FRlter

In addition to the analysis of particle motion plots, wittPitarization Hlter tool,
PITSA ofers a quantitatie method to determine the polarization properties of seis-
mic signals. Both a measure of the amount of linearity and the particle motion
direction are calculated using the time-domain filter described by Montalbetti and
Kanasevich (1970). A slightly diferent filter is based on the complanalytical

signal presented byidale (1986).

7.8.1 Montalbetti and Kanasewich Filter

The method is based on the diagonalization of tharé@nce matrix for the set of
components being used. The amount of linearity—which is called rectilinearity—is
calculated from the ratio of the ¢gast to the smallest eigealue. The particle

motion direction is gien by the direction of the eigesctor corresponding to the
largest eigewalue. Since the eigealues and eigeectors must be determined for
each time step, the method aérfy time-consuming. In order to speed up the calcu-
lation, the analysis windwis shifted along the traces with a usetectable step
width. Finally a set of time-arying operators is obtained which is usedain g
control on the input time series to suppress unpolarized signglyeBecause the
gain control operators are interpolated between samples for whichvingatce
matrix has actually been calculated, care must mntalth the choice of the step
width of the sliding winda. For the details on the theory of the polarization filter
see Montalbetti and Kanasieh (1970) and Kanaséch (1980). r the follaving,

the nomenclature of Kanagieh (1980) has been adopted.
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Table 7-7. Options under the Polarization Filtertool:

Menu Option Description
2 Components Operates on the (N,E) components.
3 Components Operates on the (Z,N,E) components.

Complex 3 Components | Operates on the analytical (Z,N,E) components

After entering the appropriate channels for the selected option, you will &g ask
for the windav length in points and the number of points to shift per filter step to
be used for the sariance matrix calculation.of a sampling frequegf 100 Hz,
entering 20" as windav length and 5” as step width wuld result in a winde
length of 0.2 seconds being wea along the traces with a step width of 0.05 sec-
onds. If you enter-1" for the windav length, only the oceariance matrix, the
eigervalues and the eigeectors will be calculated, without performingydiiter-

ing. This preides a simple ay to determine these parameters fonvamgiset of
components.

For each step, the eariance matrix is analyzed for the time wimdoentered
around the current sample. The windmagin can be tapered (with the cosine
taper function) with a useselected tapering fraction. Enterin@2” for the taper
fraction will cause 10% on either ngam of the winda to be affected by the taper-

ing.

After the eigemaluesA; and the eigerectorse; have been determined unning

from 1 to the number of components being used), the rectilinearity is calculated
according to:

RL(1) = [1—%—215‘]1-

HereA, andA, are the lagest and the xé-largest eigevalues for the oaariance
matrix centered around timieFurthermore, direction functiofi;(t) with

D;(t) = (ei)k

are calculated. au will enter alues for the eigealue exponentn, the rectilinear-
ity exponentj, and the eigarector eponentk, respectiely. The rectilinearity and
the direction functions are smoothed in time using gingoaverage filter for
which you must enter the half-width in number of points, resultingwnfaec-
tionsRL(t) andD;(t), respectiely. Finally, the filtered traces™!(t) are obtained
from the input signals(t) by

Sifilt(t) = s()RL(H)Di(t)

After all the calculations v@ been done, you will select a display optioab(€ 7-
8).
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Table 7-8. Polarization Filter display options.

Display Option

Description

Eigervector + Rectilinearity

Eigervector components corresponding to
the lagest eigewvalue, together with the rec
tilinearity.

Eigervector + Lagest Eigewector Proj

Eigervector components corresponding to
the lagest eigewvalue, together with the pro
jection of the particle motionector on the
direction of the dominant eigeactor

Filtered Traces

Filtered traces;(t).

In Figure 7-53, amample is gien for the application of the polarization filter on

the traces from Figure 7-52.

Figure 7-53. Polarization filter. The three top traces corespond to the otated
traces (L, Q, T) from Figure 7-52 (moe points are shavn here). The bur
bottom traces shev the filtered traces and the ectilinearity, respectvely.
Notice the clear separation of linear polarized engy on the indvidual

components.
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7.8.2 Vidale Filter

The filter introduced by Male (1986) is based on the same assumptions and tech-
nigues just described. The onlyfdifence is due to the complealued signals
used by the \dale filter The complg analytical signal is defined as:

Sanaly(t) = s(t) + |H[S(t)]

Here H[s(t)] is the Hilbert transformation of the input trasg) andi is /~1.
After corverting each component to its analytical counterpart, weaoonpute the
comple covariance matrix. After solving the calculation of the eigédme prob-
lem, the eigevector according to the Igest eigewalue points in the direction of
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the lagest amount of polarization of the signal. Maximizing the Yailhg quantity
by rotating the eigesector[X,, Yo, Zo] according to the lgest eigevalue in the
comple plane (searchingvera = 0°—-180°):

X = /\/(Re[XOeiU])Z + (Re[yoeid])Z + (Re[zoeia])z

and computing

f1_ 2 . . .
Pe = %&[‘Xx[]x]) , we reveal also a measure of the particle motions ellip-

ticity. Pg is 1 for circular and O for linear polarized motion, respebti This

quantity is especially useful if the signal consists of Rayleighes: HereRe[ ]
represents the real part of a quanfiiye azimuth of the direction of maximum
polarization is simply:

_ e[Yol
@ = ata aix 0

The dip of the lagest amount of polarization isvgn by:

a Re[z] O
o = atan3 O
[/(Re[xo])2 + (Re[yo] )20

In order to rate the amount of linearity of the polarizatiown, agditional quantities
are introduced by iMale (1986):

_ (AL +Ay) _. N
PS = 1—)\—0 ande = 1—)\—1

If Pgis 1 if the signal is completely polarized in only one component. The latter

quantity describes the planar polarization of the signal, which is 1 if the intermedi-
ate component is much bigger than the smallest component of polarization.

Because this computation is rather time consuming you aee &slenter for the
window length in points and the number of points to shift the winger filter

step. After calculations are done, you aresddbr the number of points needed for
smoothing the resulting traces. Finally all traces of quantities introduced at®
displayed which can be accept and appended toising traces (Figure 7-54).
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Figure 7-54. Complex Polarization filter. The first three traces she the linear-
ity values R;, Pp and the measue for ellipticity P g, respectiely. The last
two traces display azimuth and dip of the eigerector regarding to the
largest eigemalue of polarization.
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7.9 Cross Spectrum

The cross-spectrum is a measure of the joint spectral contents wates. If tvw

traces are related by a simple linear time shift, the phase of the cross-spectrum is
linear with slope proportional to the relaitime diference. In the conté of seis-
mological signal analysis, this property has made the cross-spectrum an important
tool to determine relate time shifts with accuracies better than the sampling inter-
val (Poupinet al., 1984; Ito, 1985)oiFa discussion of the influence of noise on the
timing accurag see Scherbaum andeWtler (1986).

After specifying tvp traces to use for the cross-spectrum calculation, you will be
asled to enter the number of points for the FRThumber equal to or Iger than

the deéult value (to &oid wrap around problems) should be entered. Then you will
choose the type of spectral display and the axis type.

An example for the cross spectrum ofotwynthetic traces which are identical
except for a one sample time shift is gmoin Figure 7-55.
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Figure 7-55. Cross spectrum. The second trace is a time de&/version (one
sample) of the topmost trace. Belw, the amplitude and phase of the coe-
sponding cross spectrum ae displayed. Notice the linear phase which indi-
cates the pue time shift between the tw uppermost traces.
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7.10 Coheence Spectrum

The coherence spectrum is a well-established measure of the association of tw
different traces which may be restricted to particular frequbands. It is defined
as the ratio of the smoothed cross-spectrum ofttaces and the product of their
smoothed amplitude spectra (Kansisd, 1980).

After specifying the tw traces to use for calculation of the coherence spectrum,

you will be askd to enter the half width of the smoothing winwdor spectral

smoothing, which must be an iger number greater than 0.x@ti¢he coherence
spectrum will be displayed belathe two input traces (Figure 7-56). Thalues of

the coherence spectrum range between 0 (no coherence) and 1 (total coherence). If
no smoothing is done, the coherence spectrum will bgatdkess of the similarity

of the traces (Kanagdch, 1980).
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Figure 7-56. Coherence spectrum of a Brune sowe pulse (trace 1) and its Hil-
bert transform (trace 2). Notice that the coheence spectrum has aalue of
1 within most of the frequency band although the waeforms are clearly

different.
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7.11 Response Spectrum

The response spectrum is a commonly used spectral measure in eargmngiak
neering which describes the maximum response of a singteatef-freedom
oscillator to a gien input motion (here the input trace). It is a function of the natu-
ral frequeng of the oscillator and its damping ratio. After selecting the trace to be
analyzed, the user has to yide the fraction of damping (in percent). A commonly
used alue is 5 %. The

* Fraction of dampingf the oscillatarA commonly usedalue is 5 [%].

» Display type Select either frequepor period. This controls if thealues of the
response spectrum are calculated and displayed with increasing fequenc
period.

* Range and increment for period or frequemespectiely. Provide start alue,
end \alue, and incremenglue separated by commas.

* Select one of the three possible types of response spectrum to be displayed: dis-
placement, glocity or acceleration.

Subsequentlythe resulting spectrum will be calculated using the technique of
Ehrenbeg and Hernandez (1981).

7.12 Spectal Ratio

For two given spectra, optio8pectal RatioPITSA calculates the ratio of tw
selected input traces which must both correspond to carapéetra. In specifying
the channel list, the first channel indmrresponds to the numerator spectrum and
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the second channel ind& the denominator spectrum. The resulting spectrum is
agpin a comple spectrum which can be treated accordingly (demukgulestc.).

After channel selection the user will be prompted for the so-caki¢erlavel. Dur-
ing spectral diision, a small &lue in the denominator spectrum will cause an
instability. Therefore, all spectrablues less then theaterlevel are “filled up” to
the waterlevel. In PITSA, the aterlevel is referenced to the maximum spectral
value of the amplitude spectrum of the denominator spectrum inciBx&mple,
entering 20" for the waterlevel, will cause all spectraklues in the denominator
spectrum with an amplitudelue belav 0.1 of the maximum spectrahiie to be
filled up to the vaterlevel value. The phasealues of the spectrum are uizated
by this process. A message windwill display information about the number of
spectral alues found belw the waterlevel. The “quality” of the result may
strongly depend on the selection of a propatenesel.
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CHAPTER 8 Ut|||t|eS

This chapter describes\wdo use the arious tools under thdtilities menu of
PITSA. Table 8-1 outlines the classes of toolaikble.

Table 8-1. Classes of toolsailable under the Utilities menu.

Menu Selection Description

Test Signals Create a &riety of test signals.

Trace Utilities Combine and manipulate traces in mavays, change
axis type.

Header Access View and modify header information for statioreat,

record, and output.

Phase Utilities Use of slavness information,»ected phase aval
times.
Resampling Simulate the discretization of continuous datangang-

ing A/D corverter

8.1 Test Signals

A variety of standard test signals can be created by selecting one of the options
under theJtilities -> Test Signalsnenu:
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Table 8-2. Test Signals.

Test Signal Description

Sine/Cosine Sinusoids.

Spike(s) Multiple spikes, positie and ngative amplitudes.

Constant Boring!

Brune source A simple earthquaksource model.

Mixed Signal Superposition of sinusoidalxgonential, and linear functions.
Ricker Wavelet Zero-phase avelet.

Seismometer Seismometer response.

Chirp Signal Sinusoid withlinearly increasing frequesdrom f1 to f2

RPN Equation General function generator usingeese Polish Notation (RPN)

The user can select the sampling rate, start time and the number of data points. In

addition, noise can be added to the test signals.

8.1.1 Add Noise

During creation of test signals, you will be adkwhether to add noise to the signal
(Figure 8-1).

Figure 8-1. The Noise Method pop-up windov.
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If the optionNoisyis selected, PITSA will prompt for the statistical properties of
the noise to be added, which are described by the Noise Mode and theaneise v
anceg. There are tw options, shwn in Table 8-3

Table 8-3. Noise Modes.

Mode Mode Name Noise Distribution

1 Equally distrituted Over the interva[—@,@]

2 Gaussian distriltion (1/0./2m)exp(~1/ 2(x/ 0)2)

You will initialize the random number generator in PITSA by enteringyatie
integer value when astd for the random number seadue. The same seedlue
will produce the same noise sequence fovargsampling rate and test signal
length and hence ails you to create repeatable noisy test signals.
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8.1.2 Sine/Cosine

To create a sinusoidal signalf((t) = A Dsin(2mtft + @) ), you will be askd to

enter amplitudeX), frequeng (f in Hz), and phasealues @ in degrees) for each
trace to create.dlcreate a cosine, enter a phaskei® of 90 dgrees. Digitization
frequeng, time of the first sample, and the number of points for each tracegre k
the same for multiple traces. Figure 8-2wh@Sine/Cosingest signal.

Figure 8-2. A Sine/Cosine test signal. This is a 100 Hz sampling rate, 1000
point sine wave with amplitude of 1, frequency of 1 Hz and phase angle of
0.
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8.1.3 Spike(s)

Using this option, you can create gptkst signals consisting of multiple or single
spikes of diferent amplitudes at dérent positions. PITSA prompts for the inde
of a spile position and subsequently for its amplitude. Amplitualaes may be
negative or positve. Legal spike indices are alays positie, havever, and PITSA
continues asking for mespike positions until a rgative value is read.
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Figure 8-3. A spike test signal with noise added. The sampling rate is 100 Hz
and there are 1000 points. Spiks hare been added at indexalues 200
(value = 1.0), 300 (@lue = -2.0), 700 (alue = -1.5) and 900 (@ue = -3.0).
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8.1.4 Constant

This test signal is a simple singlalwe function (Figure 8-4). The user will be
asled for the alue to apply toery point of the test signal.

Figure 8-4. A constant test signal (1000 points at 100 Hz sampling rate) with a
value of 1.0. This signal did not hee noise added to it.
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8.1.5 Brune Source Signal

One can create a test signal corresponding to the displacemeni(guisem a
Brune earthquaksource model (Brune, 1970) where:

o r —23£§t
U(t) = ZR(G, (p)l—lvsite r

with R(6,¢) being the radiation pattera,being the stress drop in bapsbeing the
shear modulus in&Rvg the shearelocity in km/sec, and andz being the source
radius and theypocentral distance, respeatiy, in km. In the formula abe, the
free surfce is takn into account by aétor of 2 (SH \aves).

PITSA prompts for input ofalues for the radiation pattern (rth), stress drop
(sigma), shear modulus (mu), shealogity (vs), source radius (r), and thgb-
central distance (z) separated by commas.xamgle for a Brune source pulse is
shawn in Figure 8-5.

Figure 8-5. Example of a noise fee Brune souce pulse ceated using the
default input parameters (sampling rate = 100 Hz, number of points =

1000, rth = 0.625, sigma = 50.0, mu =3 xfvs =3.5,r=10., z= 20.0).

r[j pitsa K
o ome374alp T T T T T T T T T T T T T

(13

u [ml

Ol | AN I A A I A A
0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0

TIME [sec]
Action: Idle Mode: MNormal Hardcopy: OFF

8.1.6 Mixed Signal

The mixed signal is a superposition of a sinusoidal,xporential and a linear
function in order to help the user createeaygeneral type of test signal. It is cal-
culated according to the follang formula:

u(t) = Asin(2mf + @)e B+ Ct+D

PITSA prompts for the amplitud® frequenyg f, phase ternp, and constants, C,
andD, all separated by commas.
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Figure 8-6. A 100 Hz 1000 point mixed signal with parameters of A=100.0, F =
1.0, PHI=0.0,B=5.0,C=0.0,D=2.0.
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8.1.7 Ricker Wavelet

The Ricler wavelet is a zero phaseauelet which is the second deative of the
error function. PITSA prompts for the dominant frequeincdHz. Figure 8-7 shes
a Ricler wavelet with a dominant frequepof 1 Hz.

Figure 8-7. A Ricker wavelet with a dominant frequency of 1 Hz. The traces is
1000 points long sampled at 100 Hz.
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8.1.8 Seismometer

Use this option to create test signals simulating the response of a seismometer to
different input signals. PITSA will display a pop-up menu to select the type of sig-
nal:

Table 8-4. Options for seismometer test signals

Signal Type Description

Displ. imp.-> displ. response | Actual impulse response of a displacement
seismometer

Accel. step=> displ. esponse| Theoretical response of displacement trang
ducers to a step function in acceleration.

Accel. step-> veloc. esponse| Theoretical response oélocity transducers tq
a step function in acceleration.

These last te kinds of input signal can be generated in seismometers with addi-
tional calibration coils by turning bfor on) a constant calibration current.

After selecting the signal type, you will be prompted for the eigenfreguendz
and the dampingaftor for the seismometer to simulate. The input signal is
assumed to act at time zero.

Figure 8-8. Impulse displacement esponse seismometer test signal with an
eigenfrequency of 5 Hz and damping factor of 0.4. The trace length is 1000
points and is sampled at 100 Hz.
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8.1.9 Chirp Signal

The chirp signal is produced by linearly increasing the frequeha sinusoid
between tw frequencie$l andf2:

PITSA Uses Manual 8-7



Chapter 8

u(t) = Asin(2rf (t)t + @)
fl<sf(t)<f2

PITSA prompts for the amplitud® lower frequeng f1, phase ternp, and the
higher frequengf2, all separated by commas. Figure 8-9ghan @ample of a

chirp signal.
Figure 8-9. A 1000 point 100 Hz chip signal with amplitude 1, f1 = 0.01 Hz, f2
= 10.0 Hz and a phase angle of 0.0.
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8.1.10 RPN Equation
The RPN equatiomption is the implementation of a general purpose function gen-
erator using Reerse Polish Notation (RPN) for its input (thaysmary HP calcu-

lators work). The user will be askl to enter an RPN equation as input with X being
the independent timeaviable. In order to create the sinusoidal signal:

u(t) = 3sin(2mft)
with f = 3 Hz, you wuld enter

X6.28*3*SIN3*

Several functions and constants axaitable; thg are enumerated irable 8-5.
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Table 8-5. Functions available in the RPN equation galuator.

Function Description

PI The \alue of pi.

SIN The trigonometric sine function (radians).

COS The trigonometric cosine function (radians).
TAN The trigonometric tangent function (radians).
ASIN The trigonometric arc sine function (radians).
ACOS The trigonometric arc cosine function (radians).
ATAN The trigonometric arc tangent function (radians).
ABS The absolutealue function.

EXP e raised to the peer x (3 &p -> €).

LN Natural log function.

LOG Log base 10.

POW X to the paver y (X y pav -> X).

SQRT Square root function.

RECT Rectangle function: x rect = 1 if -1 >= x >=1; 0 other wise.
SINC X sinc -> sin x / x.

DELTA Unit delta function.

UNIT_STEP Unit step function.

8.2 Trace Utilities

The tools undefrace Utilitiesallow the user to perform simple trace manipula-
tions like adding, shifting, or scaling traces, changing axis types, and stacking

traces.

PITSA Uses Manual
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Table 8-6. Tools under the Utilities -> Trace Utilities menu.

Menu ltem Description I

Single Channel Utilities Utilities for manipulating single channels, inlcuding scall
ing, adding and subtractingfeéts, paver, logarithm, gclic
and linear shift, appending zeroes, timeersion and recti

fying.

Double Channel Utilities | Utilities for manipulating tw channels, including scaled
addition, multiplication, stabilized ratio, euclidian distan§e
calculus, arcus tangens and projection angles.

Triple Channel Utilities Utilities for manipulating three channels, including euclij-
ian distance calculus and projection angles calculation.

Scale Taces bgether Plot traces in common scale.

Re-Autoscale faces Reverting changed vigports to automatic scaling.
Change Axis ¥pe Choose dfferent axis types for channels.

Stack Taces Methods for stacking traces.

Unify Traces Unify channels to common start time and length.
Normalize Taces Normalize maximum in channel tovgin amplitude.

As their names indicate, some of these utilities require a specific number of input
traces to act on.

8.2.1 Single Channel Utilities

The tools gailable under the Single Channel Utilities menu option are described in
Table 8-7. The are all rather easy to understand and require oneoanpwt
parameters besides the channel list.
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Table 8-7. Single Channel Utilities.

Tool Description

a*X +b Scale and d$et a trace. X represents the trace to be processed. mpulv
ues a and.lEach point in the original trace is multiplied by a and then p is
added to obtain a metrace.

a*X ** b Raise all alues of input trace (X) to a wer b and scale by adtor a.

Logl0(X) | Take LoglO0 of all alues of the input trace X.

Cyclic Enter a alue for number of points to shift; posgivalue shifts trace to

Shift the right, a ngative value shifts to the left. Allaues shifted outside of
the current winde will re-appear on the other side.

Linear Enter a alue for number of points to shift. A pos#ivalue will cause the}

Shift trace to be shifted to the right, agadve value to the left. All alues
shifted outside of the current windare setto 0

Append Zero padding. Input number of zeros to append.

zeros

Invert Simple irversion in time. No additional input.

trace in

time

Rectify Absolute \alue of eery point in the input trace.

8.2.2 Double Channel Utilities

The tools mailable under th®ouble Channel Utilitiesnenu option are described

in Table 8-8. Thg mostly irvolve simple algebraic or trigonometric manipulations

of two traces, point by point. Therefore theottraces used for input must contain

the same number of points. The first trace of the channel list will be used for the X
trace and the second trace will be used for Y

PITSA Uses Manual
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Table 8-8. Double Channel Utilities.

Tool Description

a*X + b*Y Enter \alues for a and.b

X*Y No further input.

XIY Stabilized ratio of X and .YEnter thresholdaluec to prevent

divide-by-zero errors. If Y <, the denominator for thewdsion
will be set totc.

Sqrt(X*X + Y*Y) If input traces are viged as components of a time-dependentjp-
D vector resulting trace corresponds to the length of taitor
at ary time.

atan2(X,Y) [deg] No further input.

Projection Angles | Resulting trace contains projection angle of the particle motign
vector defined by X and, Yv.r.t. one of the selected coordinat

axes. Calculated asvarse cosine of the scalar product of the

particle motion ector and the selected coordinate axis.

8.2.3 Triple Channel Utilities

The tools gailable under th&riple Channel Utilitieamenu option are described in
Table 8-9. The involve simple algebraic or trigonometric manipulations of three
traces, point by point. Therefore the three traces used for input must contain the
same number of points. The three traces of the channel list are interpreted in order
as X, Y and Z, respeately.

Table 8-9. Triple Channel Utilities.

Tool Description I

SQRI(X*X + Y*Y + Z*Z) If input traces are viged as components of a timg-
dependent 3-Dactor resulting trace correspond
to the length of thisector at ap time.

Projection Angles Resulting trace contains projection angle of th
particle motion ector defined by X, Yand Z wr.t.
one of the selected coordinateeaxCalculated a:
inverse cosine of the scalar product of the partigle
motion \ector and the selected coordinate axis.

8.2.4 Scale Taces Together

In general, PITSA scales each trace automatically so that it is plotted at highest
screen resolution. Especially with three component dateeMaa it is sometimes
adwantageous to preserthe real amplitude relationship between traces. The com-
manduUtilities -> Trace Utilities -> Scale Traces Togetheill cause the selected
traces to be plotted at a common scale. Figure 8-Msstiwee traces that Ve

been scaled togethdtigure 8-11 shes the same three traces afterythave been
re-autoscaled.
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Figure 8-10. Three traces scaled together
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8.2.5 Re Autoscale Taces

For traces which hee been scaled together to a commomvpiert (Section 8.2.4),
or have had their vieport changed manually &ble 8-12), automatic scaling for

selected traces can be re@eked using théJtilities -> Trace Utilities -> Re

Autoscale Traceeption Figure 8-11 shws the traces in Figure 8-10 afteryhe

have been re-autoscaled.

Figure 8-11. The traces of Figue 8-10 after they hae been e-autoscaled.
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8.2.6 Change Axis Type

Axis display types can be changed using intp @mbination of linear and lag
rithmic scales, using the optidtilities -> Trace Utilities -> Change Axis Type
PITSA displays the menu sl in Figure 8-12, from which the selection is made.

Figure 8-12. Axis Type pop-up menu.
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Fick axis type
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LOG - LOG
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8.2.7 Stack Traces

An arbitrary number of channels can be statlsing the menu selectibhilities -
> Trace Utilities -> Stack Traced here are three options:

* Recever Beam
e Source Beam
e Plain Sum

Either of theBeamoptions will calculate a single-beam sum foraegiback-azi-
muth (or azimuth, in the case burce Beajnand slevness whilePlain Sumwill
simply sum up the selected list of channels on a point by point basis.

The Y-axis plot label of the resulting trace is setRES” for all these utilities. See
Table8-12 on pag®8-18 for information on he to change this.

8.2.7.1 Receiver Beam

The selected traces are considered to represent recordings at a group of seismic sta-
tions from a singlevent. Therefore the “station” location information in the data
headers must be set properly before this tool can be used. Station coordinates are
required to be specified inglees (geographic coordinates).

PITSA prompts for the back-azimuth andvetess, and for the ingef a reference
channel. Br each trace, PITSA calculates the time delay with respect to the refer-
ence channel for a signal propigg at the gien slavness and azimuth. The
resulting trace consists of the stadldelayed traces (“delay and sum” beam).

8.2.7.2 Souce Beam

In this wariation of beam-forming, the selected traces are considered to represent
recordings at a single station oaweforms from a cluster of earthquek(a “source
array”). Therefore the fent” location information in the data headers must be set
properly before this tool can be usedeBtcoordinates are required to be specified
in degrees (geographic coordinates).

8-14
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PITSA prompts for the azimuth (Mag the source area) andwsiwess, and for the
index of a reference channeloiFeach trace, PITSA calculates the time delay with
respect to the reference channel for a signal padpapat the gien slavness and
azimuth. The resulting trace consists of the stdalelayed traces (“delay and
sum” beam).

8.2.7.3Plain Sum

No further input is required. The resulting trace will consist of the sthtlace of
all the traces in the selected channel list.

8.2.8 Unify Traces

PITSA works with a group of traces most easily ifitladl start at the same point in
time and hee the same number of points. Selectihiities -> Trace Utilities ->

Unify Traceswill allow the user to enter a list of traces that are to be unified in this
manner PITSA will find the earliest start time and latest end time of all traces
entered and then pad theging and end of each trace with zeros such that all
the traces will start and end at the same time.

8.2.9 Normalize Traces

Utilities -> Trace Ultilities ->Normalize Tacessimply normalizes the traces/gn
in the input list to the user specifiedlve.

8.3 Header Access

Besides the actual trace datdues, PITSA &eps additional information on each
trace in what are called data headers. Some header informatiaays aéquired

for PITSAs internal processing; PITSA usually maintains these entries automati-
cally. Other header entries are only used by certain toolgMeg and are there-

fore optional. This chapter describesvhio gain access to the header entries and
modify them. Some of the header information can also be written out to a plain
ASCII file. The accessible header entries are groupeddrcéitgories:

e Station
* Event

¢ Record
* Plot

¢ Output

Any changes made in wof the header entries are only stored in memy
must re-see the traces in ISAM format if youamt to mak the change permanent.

8.3.1 Station

Station-related header entries which can be accessed are listddar8T10.
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Table 8-10. Station-related Header Entries.

Header Entry | Description

Station Code Maximum 6 characters (e.g., STU).

Channel ID Maximum 6 characters (e.g., LPZ).

Instrument Ype | Maximum 8 characters (e.g., WWSSN).

Coordinates Entered as X, \YZ triplet plus coordinate system type code:
0 = dgrees/dgrees/km

1 = km/km/km

2 =m/m/m
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8.3.2 Event

Event-related header entries which can be accessed are listduler8T11.

Table 8-11. Event-related Header Entries.

Header Entry

Description

Origin Time

The pattern is: “year month day hour minute second”, 3
arated by blanks.

Azimuth, Back-Azimuth

Azimuth is defined as the angle measured betweerettig
tor pointing from the source to the station and thetor
pointing from the source to the north. Back-azimuth is
defined as the angle measured betweendbtr pointing
from the station to the source and tleetor pointing from
the station to the north. Can also be calculated from th
event and station coordinates (see “RecalculatarRe-
ters” option belw).

Epi-, Hypo Distance

Epicentral and ypocentral distances (km). Can also be
culated from thewent and station coordinates (see “Re
culate Rrameters” option belg).

al-
|-

Coordinates

Entered as X, YZ triplet, separated by blanks, plus coorlii-

nate system type code:
0 = dgrees/dgrees/km
1 = km/km/km

2 =m/m/m

Event depth must be entered as gatige number

Magnitude

Enter \alues for local magnitude (M, body wave magni-
tude (my), and surdice vave magnitude (M) separated by
blanks.

Recalculate rameters

After event coordinates are entered, use this option to
culate azimuth, back azimuth, epicentral appdtentral

distances and makhe corresponding header entries auo-

matically for the selected list of channels.

Coordinates correction

Recalculateswent coordinates according to aey refer-
ence point and azimuth.

8.3.3 Record

This group of entries contains the time of the first sample and the sampling rate (in
Hz), which are entered togeth&me entries in PITSA he to be entered as year
month, dayhour minute, second, separated by blanks.

8.3.4 Plot

This selection gies the user access to trace header parametersféicatied vay
traces are plotted on the screen. The menu options are summariadteig-12.

PITSA Uses Manual
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Table 8-12. Plot-related Header Entries.

Menu Option | Description

Viewport Define plotting magins in user units. &ametersminandxmaxdefine
minimum and maximumalue for horizontal axis (normally time), whild
yminandymaxdefine minimum and maximunales for ertical axis
(normally amplitude). Setting wgort manually turns éawutoscaling and
forces all traces to be plotted at same scale. Eatees forxmin xmax
yminandymaxseparated by blanks.

Bottom Label | Label for bottom of entire plotting area. Only the bottom label storedln
the header of the first trace on the screen will be displayed.

Top Label Label for top of entire plotting area. Only the top label stored in the hgader
of the first trace on the screen will be displayed.

X Axis x-axis label (e.g., TIME) plotted at the bottom of each trace.

Y Axis y-axis label (e.g., VEL N) plotted at the left side of each trace

8.3.5 Output

Some of the header information, such as phase picks and magnitudes, can be writ-
ten out to a plain ASCII file for documentation and/or further processing. After
entering the name of the output file, you will be prompted for a comment line

which will be the first line of the output file (seeeple belw). The remaining

lines will contain the magnitudes, station coordinates, and all thecpptkases for

each of the selected channels:

comment: It's a sad but beautiful world

magnitudes sta: FA Z ML: OMB: OMS: 0
stachanstax stay staz coord phase id

yr mo dy hr sec

FA Z 12.2250 49.8610 0.4650 DGDGKM EPU2 90
11 17 18 18 15.088

FA Z 12.2250 49.8610 0.4650 DGDGKM ESDO 90
11 17 18 18 20.592

8.4 Phase Utilities

The tools =mailable under thdltilities -> Phase Utilitiesmenu are used for special-
ized analysis of seismic phase.

8.4.1 Mark slowness windav at recevers

This option enables the user to calculate artificial phase picks for the selected
traces marking the gen and end time of a particular sloess windw. In addition
to the channel list to be processed the user has to enter thérfglisarameters:

¢ |ndex of reference channel

* Reference phase ID. The corresponding phase hasstma the reference
channel.

* Delay time between the reference phase and the first phase markingvthe slo
ness.
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¢ Time duration of the sieness winda.
* Phase IDs for the g and the end of the slmess windwr.

* Back azimuth (dgrees) and sieness (seconds/deee) for the calculation of
the time delays for each trace.

For each trace twatrtificial phase separated in time by the time duration of the
slowness windw are calculated and entered into the trace headers. On the refer-
ence trace the phase marking thgihef the slavness windw will appear at the
selected delay time. The reference phase must be defined on the reference channel
while on the other channels it is optional.

8.4.2 Align phases br recever slovness

Traces with a particular phase defined (e.g. P) can be rearranged such that the
selected phase appears under a particuleangies at the recars. This can be
desirable for gample to correct for sietfefcts on the skwness proprties. In addi-
tion to the trace list, the user has to enter theviatig parameters:

¢ Index of reference channel.

* Reference phase ID. The corresponding phase hasstme all tracesto be
processed.

¢ Number of pre-phase samples. The resulting traces will be cut such that the
selected number of pre-phase samples is present on the reference channel.

* Back azimuth (dgrees) and sieness (seconds/geee) for the calculation of
the time delays for each trace.

* Equalize traces tn samples (rgative to ignore). In case a poséinumber is
given, the resulting trace lengths are adjusted tovarath trace length oh
samples.

8.4.3 Cut phase windavs

For the selected traces, this option sets all amplitatiees to zero which do not
fall within the time windw defined by the tevselected phase IDs.

8.4.4 Relative onset time determination

This tool is used for determining high precision rglatnset times according to
the multiplet analysis introduced by Poupinet et al. (1984) and Scherbaum and
Wendler (1986). While using this techniquentbasic assumptions are mades W
are dealing with a cluster o¥ents, and thealocity structure of the sourcegien

is constant in aslume containing allents of that clusteAccording to the defini-
tion of an earthquakclusterthe waveforms of diferent eents are coherent at a
given receier station. PITSA will calculate phase shifts of theelavent which

are accurate an to sub sample timing errors if certain thresholds of taeform
coherence and the cross spectral amplitudexaeeded.

After input the trace list of one station forfdifent @ents and selecting the refer-
ence trace containing the masteert, PITSA prompts for the phase ID used for
the calculations. N@ you are aséd to input a time winde for the diferent steps
of computation (Figure 8-13).
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Figure 8-13. Input panel for cross corelation and cross spectrum windw size.

Enter window for cross correlation

50,2575, 100 |

Separate items by comma (.}

notepopup

First, PITSA prompts for the time windoused for the computation of the cross
correlation. In addition the user has to specify also the winged for computing
the cross and coherence spectrum, respgtiFor estimating a meaningful coher-
ence spectrum, you Y& to input the half frequepavindow size which is used for
averaging the coherencalues (Figure 8-14).

Figure 8-14. Input panel for smoothing spectral \alues of coheence spectrum.

Enter half width m for spectral smoothing

10,

total length of smoothing window: 2 m + 1 points

Now PITSA prompts for tw thresholds. §u are asid to input the threshold for

the normalized cross spectrumegighting factoy. Than PITSA prompts for the
threshold for the coherence. In order to get a timing acgwraaller than a sam-

ple, a linear rgression of the cross phase spectrum is performed only in the signal
part xceeding this tw thresholds. The result is stvoin Figure 8-15.
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Figure 8-15. Result of relative onset time determination. The upper panel shes
the coheence spectrum, the arss spectrum and the theshold (veighting
factor) for the cross spectrum. In the laver panel the cioss spectral phase
and the linear regression line and eror bounds are shavn. In the note

popup the estimated time shift is displagd.

&

pitsa

5.2832

/

/

"1

T T I T T T I T 1T T T T 1 T T T T 11
7 — = ~, N P ad

I
1

\
-

RN

ctipm

Cross Spectriim ‘L~
ross spectrum .- \._.x‘h Coherence Spe

;

I,

\

g
I
I
I

t Threshold 1

o —
|

=

|
Ty LT T T T T \ T T 11
<—|IVaIid Area of LinanR@quassion

r—l— —

| ]
>
Cross Phase Spectrun}
N S S Y S IS I I N N N O

0.0

2.0

4.

o 6.0 8.0 10,0 12,0 14,0 16,0 18,0

FRE

Action:

Menu

notepopup

Mode: MNormal

Master:
Slave 3

Time shift:
Coherence:

|IStation: KLT1 Channel: 1

1995/ 7/ 1 22: 0: 0,000
1993/ 7/ 1 20: 0: 0,000
-0,0513 +- 0,00515 sec
0.,87717

‘

Popup Menu

Change Parameters and recalculate?

Yes

Use Crosspectrum

Use Crosscorrelation

{ESCAFE>

|
I
I
|

In the upper panel of the PITSA screen appears the computed coherence spectrum,
the cross spectrum and the threshold for the cross spectrum. lwéngbmel the

cross spectral phase and the result of the lingaession as well as the error

regions are shan as blue and black line, respeety. The rgression algorithm
assumes zero shift at zero frequericthe computed phase shift is abnormal or the
bandwidth of the alid frequeng band is to small, you can use the time estimation

by acceptingCross corelation In order to change the settings used for the compu-
tation, you can seledtsin theChance Brametes and ecalculatepopup menu.

Finally PITSA includes a mephase ID labeled d@&X to the preristing phase list

(Figure 8-16).
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Figure 8-16. Phase entries labeledX are added to the phase list of the sle
event.

(] pitsa 1
——— | i et S8
— B b e (4
e
0,0 0,4 0.6 0.8 1.0
TIME [minl
By T L L L B L B R |
= - Pt S TN A
— YA T A AN H
5 ! A Voo i ,'I' (13
e T B | T N S R N S S R S S A A R S M A A BT R ALY W
= = L L L L L LA A I B B o B 'f-‘..,‘ T T T f"{"\l T
= —— N AN S B e
R, o L T
228290 s Y I}"l 1
— l;j‘ () ”:‘ [=] 1T T 1T T T T T T T 1T T 11T T 17T T AT IL_‘ T 1T T 17T
g °e’ ~ IV A o
= N A IR
S o S \ \\' 7 (53
ZBEBE I e
11.5 12.0 12.9 13.0 13.9
TIME [sec]
Action: Menu Mode: MNormal Hardcopy: OFF

The relatve onset time of the “ska events” according to the master is simply:
AtiMS = tiMaster _tiPx

Whereti,,«er iS the onset time of the masteeat, t'p, the onset time of the just

computed PhageX and Atiy, s the relatve onset time of the sla event according
to the mastenent.

8.5 Resampling

The tools under thBtilities -> Resamplingnenu are used for demonstrating the
effects which can occur during sampling and A/Dvageion of seismic signals—
they are primarily used for teachingoiFexample, an input signal (e.g., a test signal
with well knawvn properties) can be re-discretized (setting tieas betweenvery
n-th sample to zero) to demonstrate tHeat$ of analog to digital cemrsion. In
addition, the décts of digital to analog ceersion can be demonstrated on re-dis-
cretized signals using WhittaKs reconstruction techniqueocan also simulate
the efects of devnsampling (keping only eery n-th alue) an input signal of
comparatrely high dynamic range using aig-ranging A/D cowerter or dan-
sample at full floating point precision. Maaxamples of the use of these tools are
contained in the boolghort Course on First Principles of Digital Signal Process-
ing for Seismologists by Frank Scherbaum (1993).

There are fig options under thétilities -> Resamplingnenu:

* Simulate discretization in time
* Reconstruction of discretized signals
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* Integer decimation
¢ Resampling of interpolation polynomial (4gje
e Simulate A/D Cowerter

8.5.1 Simulate discretization in time

All trace data in PITSA are already discretized. Using this toaleher, the input

trace is treated as a pseudo-continuous trace from which discrete samplesnare tak
every 1/ 5 samples, whergyfs is the discretization frequendITSA prompts

for the discretization frequendfp,s) in Hz. The resulting traceskeps the original
sampling rate, lit trace alues are set to zero at points between the “resampled”
points. for this option to wrk properly the specified discretization frequgrig,g

must be smaller than the real digitization freqyefipgs.

In the top trace of the display for this tool, the discretized signal is superimposed
on top of the original trace while in the bottom trace it is displayed alone. It can be
kept for later processing, e. g., for demonstrating pseudo DMersian using
Whittaker reconstruction.

Figure 8-17 demonstrates the discretization of a sinusoidal signal of 6.5 Hz with a
discretization frequerycof 10 Hz, a nice demonstration of aliasing.

Figure 8-17. Discretization of a 6.5 Hz sinusoid with ;5 = 10 Hz. The original
sampling frequency was 100 Hz.
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8.5.2 Reconstruction of discetized signals

A method called “Whittaér reconstruction” is used in this tool to simulate the pro-
cess of digital to analog ceersion for traces which kia been obtained by using

the re-discretization tool described in Section 8.5.1. It uses a simple time-domain
lowpass filter technique

PITSA will prompt for the frequerycused for the re-discretization (in Hz). This is
not the actual digitization frequeylcSee Section 8.5.1 for the féifences.

The top panel of the display will contain the reconstructed signal, superimposed on
top of the corresponding discretized trace. Thestgpanel shas the reconstructed
signal by itself (Figure 8-18).

Figure 8-18. The result of a Whittaker reconstruction. In the upper trace, the
original discretized trace and the econstructed trace ae displayed
together while in the laver trace, only the reconstructed trace is displagd.
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Figure 8-19 shws the display after the reconstructed trace in Figure 8ak8 w
appended to the traces in memory
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Figure 8-19. Whittak er reconstruction applied to the discetized trace of Fig-
ure 8-17. The top trace shws the input sinusoid (signal fequency 6.5 Hz),
the middle trace the discetized signal (s = 10 Hz), and the bottom trace
the result of reconstructing trace 2. Notice that the éconstructed trace has
a lower signal frequency (3.5 hz) than the trace which was disetized
which demonstrates the aliasing effect.
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8.5.3 Integer decimation

Integer decimation alles the selection ofvery n-th \alue in the input trace (start-
ing with the first one). The user has to\pde the decimation ratio as an igés
value. E.g. giing an input &lue of 2 will result in an output trace containing the
first, third, fifth, and so forthalues of the input trace.

8.5.4 Resampling of intepolation polynomial (4-deg)

In contrast to the simulation of discretization discussed in Section 8.5.2, where all
the samples between the discretization iratienere set to zeraub kept in the

trace, theResampling..tool described in this section actuallydsamples the

input trace to a e digitization frequeng Hence, the number of samples within

the nev trace will be smaller by aétor of ;g new/ fDic oLp inN comparison to

the input trace. Herepjg new @nd b1 oLp denote the original digitization fre-

queng of the input trace and the resampling digitization frequenespectiely.

PITSA will prompt for the ne digitization frequengin Hz (the original digitiza-
tion frequeng will be displayed in the & input windav). The resulting trace will
contain samples at time intatg talen from the input trace at time intats 1/

foic NEw The nev data alues are interpolated from the neighboring points of the

original data series using a 4thgdee polynomial.

Figure 8-20 shes an @ample of a digitally resampled tracersus a discretized
trace.
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Figure 8-20. Traces 1 and 2 corespond to traces 1 and 2 in Figur 8-19. Tace 1
is the input trace that was first discetized (trace 2) and then esampled

(trace 3).
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8.5.5 Simulate A/D Conwerter

The optionUtilities -> Resampling -> Simulate A/D Convert@mulates the

behaior of a gqain-ranging A/D cowerter (ADC). It is a simulation because we
cannot use a true analog signal for input. Instead we use the method discussed in
Section 8.5.1 to create our input signal.

Gain-ranging ADCs were common in seismology in the days before high-perfor-
mance ADCs with up to 24 bit resolutiomutlthey can still be found in use and it is
useful to understand their deficiencies. Tamganging ADC consists of a ég-

gain pre-amplifiera programmableain-ranging amplifier (PGA) with aaviable
number of gin states, and a plain ADC for which the resolution and the least sig-
nificant bit \alues can be assigned. The pre-amplifier is used to attenuate the input
signal so that it does nateeed the limited scale range of the plain ADC.

For the ADC simulation, the user has the choice of four output signals, listed in
Table 8-13.

Table 8-13. Output Signal Types br ADC Simulation.

Type Description

Quantized Hlue Actual output signal from theagn-ranging ADC.

Mantissa Output of the plain ADC.

Exponent (-gin) Gain setting of the PGA

Error Signal Difference between the quantizealue and the input trace.

If gain ranging is turned on, the actual output signal is combined from the output of
the plain ADC (“mantissa”) and thaig setting (“@ponent”) of the programmable
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gain amplifier (PGA). In this case, the internal representation is similar to a scien-
tific (mantissa, ponent) notation.

For the simulation of aajn-ranging ADC, you should start with a test signal gener-
ated at a ery high sampling rate (e.g., 1000 Hz) which will treated as an “analog”
signal. The sampling of this signal is simulated by a simpMekampling process
which uses only linear interpolation (urdikhe tool in Section 8.5.4)-ubit’'s OK
because the original sampling rate is so highb&in the simulation PITSA
prompts for the digitization frequen¢Hz) of our lypothetical recording system.

A frequeng of 20-80 Hz might be appropriate. Before discussing the other input
parameters which are needed to describe thevtmetat the @in-ranging ADC, it

is helpful to understand fogain-ranging verks.

8.5.5.1 How Gain-Ranging ks

The incoming sample is first multiplied by the scaliagtér of the fied-gain pre-
amplifier Next it is verified that the signal will fit within the Weermost 25% scal-

ing range of the plain ADC. If it does not, the PGAaskver and attenuates the
sample amplitude in steps of 2 until it is small enough to meet this condition. At the
same time, theain state (which is a number between 0 and the maximum number
of gain states possible - 1) of the PGA is stored. feddhce of 1 in gin states cor-
responds to aftor of 2 in attenuation.

Next, the actual analog to digital agrsion, simulating an n-bit ADC, is done. It
consists of rounding the outpulue of the PGA to the relowest value an ADC
could represent with thewgin \alue for the least significant bit (LSB) and theegi

resolution. G¥en n bits of resolution and alue for LSB, 2 values (0*LSB - [2 -
1]*LSB) can be represented before saturation occurs. The quandipedyfinally

calculated by multiplying the outpuailue of the plain ADC by%™" with gain
being the gin state of the PGA.

8.5.5.2 Input Farametes

After the digitization frequencfor resampling has been entered, PITSA will
prompt for the additional parameters for tlaéngranging ADC.

Table 8-14. Parameters or a Gain-Ranging ADC.

Parameter Description

Pre-amplifier gin Scaling &ctor (e.g., 1.0) which simulates agfikgain
pre-amplifier

Resolution Number of bits (e.g., 12) for the plain ADC.

LSB value Value of least significant bit (e.g., 0.1).

Number of PGA gin states | How mary times (e.g., 10) the PGA can decrease
amplitude of the input signal for the plain ADC.

During the comersion, PITSA will display a note windowith the actual alues
for the current inde input \alue, output &lue, @in state, mantissa, and the error
signal.
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Figure 8-21 shws an @ample for the simulation of the mantissa aathgutput of
a qain ranging A/D coverter operating on a cosine bell.

Figure 8-21. Gain ranging A/D corverter on a cosine bell. The top trace slves
an input signal while the middle and bottom traces simulate the mantissa
and gain function of a 12 bit gain ranging A/D cowerter with 11 PGA gain
states.
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CHAPTER 9

Special Plots

The tools under th8pecial Plotanenu are used for specialized displaysarnous
kinds of seismological analysis. These tools are summarizabla®-1.

Table 9-1. Special Plots menu items.

Menu ltem

Description

Epi-Distance Plot

Plot seismic traces as a function of epice|1-

tral distance.

Hypo-Distance Plot

Plot seismic traces as a function gpb-
central distance.

Recever Array \éspagram

Calculates and plotsgpagram (Daes et.
al., 1971).

Recever Array Slavness Paver Spectrum

Calculates and plots the slpess pwer
spectrum of a receér beam rgarding to
the delay and sum technique.

Superimpose faces

Plot two or more seismic traces with equ
sampling rate and length together in one
box.

9.1 Epi-Distance Plot

This option is used to plot seismic traces in order of increasing epicentral distance.
Epicentral distances must be set correctly within the data headers of the traces to be

used.

PITSA will prompt for the plotting method (Figure 9-1). Thistance vs. ZerLine

option will place the imaginary zero line of each trace at the corresponding distance
while Distance vs. IFst Roint will place the first point of the data trace at the corre-

sponding distance.
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Figure 9-1. Plotting methods pop-up menu.

T Popup Menu K

| Fick plotting method: |

| Distance vs, Zero Line |

|Distance vs, First F'Dintl

| <ESCAPE> |
15 2l

Next PITSA will ask for the scaling method (Figure 9-2). The user can select either
selectRescale all faces dgetherto plot all traces at the same scale or sédeep
Current Scale

Figure 9-2. Scaling methods pop-up menu.

T Popup Menu K

| Pick Scaling Method: |

|Rescale all Traces TDgetherl

| Keep Current Scale |

| <ESCAPE> |
15 2l

Finally, the user will be agld to enter aalue for the width of the plotting windo
going to be reserd for each trace. PITSAjgects this alue to be gien in percent
of the total windav width. Figure 9-3 shes an &ample if an epicentral distance
plot.

Figure 9-3. Special Plots-> Epi Distance Plot. Files weee scaled together and
plotted vs. the zeo line. The width of traces is 5%. These data arfrom
aftershock recordings of the Chalfant \Alley earthquake of 1986 (Luzi-
tano, 1988) which is in the ISAM file systenisam11 in the demodata
dir ectory.
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Hypo-Distance Plot

After PITSA displays the plot, a menu will appear (Figure 9-3) withdptions.
Selecting either of these options will bring PITSA back to the tegl.le

9.2 Hypo-Distance Plot

This plotting option is used to plot seismic traces in ordeypbbentral distance.
It works exactly as thdepi-Distanceoption described alve. Hypocentral distances
must be set correctly in the data headers for this option to be used.

9.3 Receiver Aray \éspagram

Vespagram analysis (Bias et. al., 1971) is a simplettpowverful technique to
identify individual phases based on theirvet@ss properties. In a nutshell, a
vespagram is a set of array beams (herevecarray beams) formed for flifent
slowness alues and a fed azimuth. @ improve its performance it is implemented
here in conjunction with the Nth root technique proposed by Muirhead and Datt
(1976).

The user must puide the input for the folling parameters:

e Channel list for the traces to be used.

* Index of reference channel. The time scale of the reference channel will remain
unshifted. Depending on the sloess and back-azimuth, during beam forming,
all other traces will be shifted with respect to the selected reference channel.

* Slowness range and sloess increment to be used for the beam forming. The
sequence of inputadues is: smallest shmess @alue, lagest slavness alue,
slowness alue increment. All sleness ®lues in sec/dp

e Parameter N for Nth root processing.

Subsequent|ythe user will be asld to enter aalue for the width of the plotting
window going to be reseed for each trace. PITSAgects this &lue to be gien in
percent of the total windowidth. Finally the user has to indicate if the traces
should all be scaled to the same maximum amplitatiee\(normalized) before the
beam forming. Finallythe user will be agld to enter aalue for the width of the
plotting windav going to be reseed for each trace. PITSAgects this alue to be
given in percent of the total windowidth. Figure 9-3 shes an &ample if an epi-
central distance plot. Arkample for a @spagram plot is sha in Figure 9-4.
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Figure 9-4. Special Plots-> Receiver array vespagram Vespagram section cal-
culated for the Lop Nor nuclear explosion of 1992/05/21ecorded at the
GRF array.
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9.4 Receiver Aray Slownessd®ver Spectrum

Warning: this tool is for adanced users only who ar@nfiliar with the principles
of an array of receers and digital beamforming techniques! Computing th&-slo
ness pwer spectrum is only useful if all station coordinates arevknand
included in the data head&to correction to station elation is made while com-
puting the beam peer and the planeave assumption must bahd for the data.

This option is used to perform a delay and sum beamforming of a set of traces
using the simple formula:

N-1

b(t) = ser(D) + § s (t+T0)

i=1

Whereb(t) is the beam traces, (t) represents the reference seismogranare

the time shifted traces of the remaining array statipnare the distances of the
array stations garding to the reference statia, is the total number of stations
andu the horizontal slyness which is used to estimate the time shifjarding to

the reference station.

The beam pwer is computed by simply summing up the resulting beam trace per
input time windev and normalize it with respect to the number of array stations.
Regarding to a grid search of tifent horizontal sleness ®lues the result is plot-
ted as a density map and the maximurwakss ector as well as the backazimuth
of the beam are displayed.
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Receiver Array Slowness Power Spectrum

After entering the channel list of array stations, the user edaskinput the refer-
ence channel. This action is eeplent to announce the reference statiornw e
slowness grid in East-@ét and North-South direction must be specifienl &re
forced to input minimum, maximum and step size of theséss grid in sec/de
(Figure 9-5).

Figure 9-5. Input panel for the slovness grid useddr the delay and sum beam-
forming

Enter E-W slowmin.slowmax and slowstep in sec/deg:

L |

Signal propagating to E - positive slowness

Seperate items by commas!

Next PITSA will prompt for nth root processing the beamtrace according to the
work of Muirhead and Datt (1976). The user can select githel (undhanged)up

ton =4 (Hgure 9-6) This feature is useful to enhance small coherent signals in a
seismogram with a strong and dominant signal (e.g. PcP and P phases in teleseis-
mic signals).

Figure 9-6. nth root processing popup menu

2 Popup Menu R

| n—-th root processing: Choose m:|

n =1 {unchanged)

=)

n =z

n =4

| n =3 l

{ESCAFE>

PITSA will output two ASCII files containing the sheness pwer values for the

total slavness grid as well as the position of the maximate and the backazi-
muth. The user has to specify the first file name in the input panel appeating ne
The latter file name is formed automatically by adding #tersionmax.

PITSA will prompt nav for Normalize taces befar beamformingAnswering y
(yes) will normalize all traces according to 1.0.

Before the resulting beamer distritution is displayed, the user can specify the
minimum and maximumalue for scaling (Figure 9-7). The beanwgo is plotted
as density map either in a color or an gray scale plot according to the
COLOR_MODEentry in the pitsa.cfg file (Figure 9-8).
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Figure 9-7. Input for scaling the result of slavness paver spectrum

Enter Minimum and Maximum of the Scale:

|1.11533 . 4.74574 |
Trace_min: 1,11533 Trace_max: 4,74974

Figure 9-8. Slowness paver spectrum with respect to the gien horizontal slow-
ness grid. Also theRescale popup menu is visible.
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Popup Menu

| What do you want? |

Rescale
fAction: Menu Mode: Mormal Hardcocopy: OFF | ! <{ESCAPE>

TheRescale popup mermnables you to change the minimum - maximahoes
for the beam pwer plot. If you are choosingad to Main Menuand the
COLOR_MODEn the pitsa.cfg file is set OLOR_SCALERITSA will prompt
next for superimpose aay responseHere the user can either typéyes) om

(no). The array response is calculateghrding to the horizontal simess of max-
imum beam paer. The reference trace is duplicated to the number of array sta-
tions. For each indiidual station the time delay of the location of the maximum
beam pwver is computed and the traces are suceelysshifted. Using this syn-
thetic seismograms the beanwgmo distritution for the used sheness grid is com-
puted. The result isverlaid as brightness of colors on the original beamepo
distribution (Figure 9-9).
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Figure 9-9. Array r esponse according to the horizontal skeness of the maxi-
mum beampawer overlaid on the true power distrib ution
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Finally the user is asgkl toContinue (y/n)Typingy (yes) returns to the main

screen of PITSA whila (n) just keeps the current screen.The position of the maxi-
mum beam pweer and the back azimuth are displayed in theefanost frame
(Figure 9-10).

Figure 9-10. Continue to main window. Also the position of the maximum beam
power, the absolute alue of the slavness ector and the backazimuth ae
displayed

Continue ys/n?

MAXIMIM: slow_x -6,1000 slow_y -2,2000 slow 6. 4846
bhazim 70,1679 power 13,0668

Please be awas that the slavness distritution shown in the beam paver plot is
negative regarding to the true slavness ector announced in Figue 9-10!

9.5 Superimposeraces

This plotting option can be used to compare tw more seismic traces. First the
user will be as&d for a channel list of traces to be plotted together in one box.
After specifying the channel list, the user isebko specify one trace to be plotted
with drawing color 2 (see dble 4-1). The popup menu for specifying the trace is
shavn in (Figure 9-11).
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Figure 9-11. Popup menu br specifying the coloed trace

Enter index of trace to be plotted red:;

The plotting option can only be performed on traces with equal length and equal
sampling rate. Hoever, spectra can also be plotted together in one box,)if the
have equal frequerncresolutiondw. As an @ample Figure 9-12 skns two noisy
synthetic Rickr wavelets with diferent frequeng content in one box and in Figure
9-13 the resulting amplitude spectra of theseelets are plotted together

Figure 9-12. Two seismic traces plotted in one box with ‘superimpose traces’.
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Figure 9-13. Superimposing amplitude spectra in one box.
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APPENDIX B

The PITSA Configar
tion Hle

When PITSA is first started, it will look at thevinonment \ariable
PITSA_CONFIG_PATH_ENVand use this as the path to find a special configura-
tion file nameaditsa.cfg . If the ewironment \ariable is not set, then PITSA

will look in the directory where it as started for the configuration file.

The configuration file is a plain ASCII file that the user can edit to set preferences.
Each entry in the file consists ofadines. The first line is the name of the parame-
ter that is to be set and the second line is theevthat it is being set to. Here is an
examplepitsa.cfg file:

SET_FOCUS

true
SET_FOCUS_LOOP
100

KILL_NOTE

false
MENU_POST
<Btn3Up>
MENU_SLCT
<BtnlUp>
TEXT_MARG

4
CANVAS_WIDTH
900
CANVAS_HEIGHT
550

DRAW_1 COLOR
black
DRAW_ 2 COLOR
red
BACKGROUND_COLOR
white
COLOR_MODE
COLOR_SCALE
MAX_NOCH

30

MAX_TRLEN
8000000
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VELOCITY

6000.

DENSITY

2800
RADIATION_PATTERN

1
SURFACE_CORRECTION
2
SPECTRAL_ROLL_OFF_FACTOR
2.0
DEFAULT_CORNER_F

10

DEFAULT_Q

50000
RESONANCE_AMP

1.0

RESONANCE_FREQ

1.0

The parameters that can be set in the configuration file are agsfollbe possible
values for the parameter are wimoin parenthesis after the parameter name.

B.1 Genenl Parametes:

B.1.1 BACKGROUND_COLOR

(black, red, yellas, white or a valid X color)

This is the color that the PITSA wingowill use as the background calor
B.1.2 CANVAS_ HEIGHT

(integer number 0-5000)

This is the height the PITSA windowill have in units of piels.

B.1.3 CANVAS WIDTH

(integer number 0-5000)

This is the width the PITSA winadowill have in units of piels.

B.1.4 DRAW_1 COLOR
(black, red, yellas, white or a valid X color)

This is the color that PITSA will use for dving the main graphics and traces.

B.1.5 DRAW_2 COLOR

(black, red, yellas, white or ai valid X color)

B-2
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This is the color that PITSA will use for dvang highlighted graphics.

B.1.6 COLOR_MODE
(COLOR_SCALE, GRAX_SCALE)

This parameter controls whether the output of some routinesas draolor or in
grayscale (defult). When setting to color mode the output is restricted to 156 col-
ors only

B.1.7 KILL_NO TE

(true or flse)

This parameter controls whether the note winditne windav that pops up during
zooming, for @ample) is completely destyed or just popped @m. This \alue is
normally false because it is$ter to pop up and do the note winde rather than
destry and re-create the note wind@ach time it is needed. Wever, on some
systems the note tends to pop up at unpredictable positions if it is just popped
down. If this is happening and undesirable, then talsesshould be set to true.

B.1.8 MAX_NOCH

(integer number 10 or greater)

This is the maximum number of channels that PITSA willvaklio be loaded at
once. This can be set as high as desired.

B.1.9 MAX_TRLEN
(integer number 100 or greater)

This is the maximum number of points that PTISA willalio a single trace. This
can be set as high as desired.

B.1.10 MENU_POST
(<Btn1Down>, <Btn2Davn> or <Btn3Davn>)

This controls which mouseution will cause the main menu to be posted (popped
up on the screen). This is normally sekBtn2Down>, which means that press-
ing the second (or middle) mousetton will pop up the main menu.

B.1.11 MENU_SLCT

(<Btn1Dowvn>, <BtnlUp>, <Btn2Dwn>, <Btn2Up>, <Btn2Dwn> or
<Btn2UP>)

This controls which mouseution will cause a menu item to be selected. Normally
MENU_POST set to<Btn2Down> andMENU_SLCTs set to<Btn1lDown> .

This way, clicking the middle mouseutton causes the main menu to popup. The
user can then taktheir finger dfof the mouse litton and mee the mouse pointer
through the menu tree. Then, when the desired menu item is located, the user can
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press the left menwltton to mak the section. Another popular configuration is to
have the menu post when the left mousédn is pressed and the menu selection
made when the left mousetton is released. This requires that the usepkhe
mouse btton pressed while ming through the menu treeoBet up this configu-
ration, MENU_POSWould be set t&Btn1Down> andMENU_SLCTwould be

set to<Btn1Up> .

B.1.12 SET_FOCUS

(true or flse)
This parameter tells PITSA whether or not it should try and segfiméard focus
on the tet input windav after it is popped up. On some systems, PITSA crashes

intermittently when this is set to true. When PITSA is running on a SUN4 under
OpenWndows, there is no problem and thalwe should be set to true.

B.1.13 SET_FOCUS_LOOP

(integer number 0-1000)
When PITSA is setting the focus on thett@put windav (meaning that dy
strokes will go to the tet input windav), it sometimes misses the winvdgthe win-
dow appears after the focus is set). Thitue tells PTISA hw long it should wait

before trying to set the focusyfically, a \value of100 works well. The lager the
number the longer PITSA will wit before setting the focus.

B.1.14 TEXT_MARG

(integer number 0-10)

This value determines omuch space in péts is allocated betweernxteand box
edges. On some systems fonts can act a litflerdiftly and not fit in the menu and
text windows correctly If the text looks cravded or if there is too much space

between the t¢ and box edges, thigle can be adjusted. Normally thawe is
4.

B.1.15 PICK_ADJ_WINDO W

(integer number)

This value determines the deflt width of the zooming box (in pis) which is
used for editing phase picks.

B.2 Automatic Phase Pker Configuation
Parametes:

B.2.1 P_DUR

(floating point alue)
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The maximum P ave amplitude iswaluated within a time winde of P_DURsec-
onds follaving the determined P phase on&ed. is the dedult value.

B.2.2 PRESETDUR
(floating point alue)
S(t) the ariance ofSF(t), is evaluated within the firePRESETDUReconds of the

trace. It will, havever, be updated as long 8%-(t) stays belew THRSHL2and the
current time is less than 2*PRESETDURS is the dedult value.

B.2.3 TDOWNMAX

(floating point alue)

CF(t) may drop bele THRSHL1for less tham DOWNMAséconds without caus-
ing the pick flag to be cleare@d.l is the dedult value.

B.2.4 TUPEVENT
(floating point alue)

CF(t) has to stay alve THRSHL Ifor at leasTUPEVENTseconds for the pick to
be accepted.

B.2.5 THRSHL1, THRSHL?2
(floating point number)
These ®alues determine thev&luation thresholds faCF(t) and corresponds to the

parameters S1 and S2 in Baer and Kradolfer (1987). and20.0 are the
default values.

B.3 Configuation Farametes for GSE writing

B.3.1 GSE_10R2

(GSE1, GSE?2)

The \alid entries folGSE_10RZareGSElor GSEZ indicating which main format
of GSE is used for file writing.

B.3.2 GSE_FORM

(CMPS6, INTV)

The entry GSE_FORMdeps the desired subformat for writing GSE datafiles and
can be one of CMP6 or INTV for both GSE1 and GSER.tke GSE2 main file
format CMP6 is changed to CM6, and INTV to INT internally
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B.3.3 GSE_NDIFF

(integer \alue 0, 1, 2)

This entry has only &fct when writing GSE1 datafiles in CMP6 subformat. Itis an
integer \alue0,1, or2 and gves the number of ddrences that will be used for
writing.

B.3.4 GSE_RESOL

(integer \alue 16, 32)

The entryGSE_RESOIspecifies the resolution in bit which is used forvesting
float values into long alue representation, which will be used when writing GSE
datafiles. A typical alue would bel6. The internal float &lues in a trace are
divided by the @lue(maxamp-minamp)/(2*"GSE_RESOL) to get long alues
that can be written to a GSE datafile. As you can seedhis is data dependent
and for a lav dynamic range in the data, thelwe will be \ery small. As a result
please kep in mind, that under wavbrable circumstances an information loss can
occur This is due to the limited accusawhen writing this @lue to the appropriate
entry in the GSE header!
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APPENDIX C Printer Configuation
File

When the HardcgpMode is turned on in PITSA, the program will look in the
directory defined by the ginonment ariablePITSA_PRINTDEF_PATH_ENV

for the file defined bPITSA_PRINTDEF_NAME_ENYo use for the printer defi-
nition file. The user will then be prompted for the printer definition file to use with
thePITSA PRINTDEF_NAME_ENVYile name as the dalt.

The printer definition file tells PITSA koto generate output. The standard defini-
tion file that comes with PITSA is nam8X11 landscape.PS and gves defi-
nitions for printing to PostScript printer on 8.5” by 11" paper in landscape mode. If
the user desires to send output to another plottimgelesuch as a pen plotter
definition file will have to be created. Belois the file8X11_landscape.PS

with explanations of what each parameter controls:

C.1 Printer Configuation Rarametes
C.1.1 #UPPER_LEFT_CORNER
36,72
This is the location of the upper left corner of the output inicgeunits.
C.1.2 #UPPER_RIGHT_CORNER
36,792
This is the location of the upper right corner of the output wicdeunits.
C.1.3 #LOWER_LEFT_CORNER
576,72

This is the location of the eer left corner of the output in diee units. Vith these
three parameters, the output can be placedydbaation on the output gize.
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C.1.4 #PLOT_HEAD

%%!\n

/m {moveto} defin
/I {lineto} def\n

0 setgray\n

0.1 setlinewidth\n
/Courier findfont\n
16 scalefont\n
setfont\nnewpath\n

This defines tet that will be printed at theery start of the plot outputn ’s are
expanded to carriage returns in the output file. This line is written out to the plot
output file with the C command:

fprintf(fp_plotfile, PLOT_HEAD);

C.1.5 #PLOT_TAIL

stroke showpage\n

This defines tet that will be placed at theevy end of the plot output file. A,
\n 's will be xpanded to carriage returns. The line is written out to the plot output
file with the C command:

fprintf(fp_plotfile, PLOT_HEAD);

C.1.6 #PLOT_MOVETO
%005.1f %5.1f m\n

This is the format specifier that will be used to write ouvetm commands. A
moveto command instructs the outpuvide to lift the pen and nve it to the x y
coordinates specified. The weto command is sent to the plot output file with the
C command:

fprintf(fp_plotfile, PLOT_MOVETO,X,y);

C.1.7 #PLOT_LINET O
%5.1f %5.1f \n

This is the format specifier that will be used to write out lineto commands. A lineto
command instructs the outputvitee to mare the pen (while den) to the x y coor-
dinates specified. The lineto command is sent to the plot output file with the C
command:

fprintf(fp_plotfile, PLOT_LINETO,x,y);

C.1.8 #PLOT_STROKE

stroke newpath\n

This is the format specifier that will be used when a staimmand is sent the
output file. A strok command instructs the plottingvitee to actually put ink on

the paper for the pen path described byebto and lineto commands. Some plot-
ting devices will put ink on the paper while the path is being defined and this com-
mand is not needed (i.e. real plotters). The C command is:

C-2
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fprintf(fp_plotfile,PLOT_STROKE);

C.1.9 #PLOT_MAX_LINE
1000

This value determines the maximum number of lineto commandsedibefore a
stroke command is gen.

C.1.10 #PLOT_START_AXIS
stroke newpath 1 setlinewidth\n
This defines the 1 that will be sent to the plot output file just before plotting of

the axis is started. This alls special &lues to be set such as line thickness or
color that will only be used for the plotting of the axis. The C command is:

fprintf(fp_plotfile,PLOT_START_AXIS);

C.1.11 #PLOT_END_AXIS

stroke 0.1 setlinewidth newpath\n

This defines the & that will be sent to the plot output file just after plotting of the
axis is ended so thatyaspecial dects installed bfPLOT_START_AXIScan be
turned of.

C.1.12 #PLOT_START_CHAR

stroke newpath 0.2 setlinewidth\n

This defines tet that will be sent to the plot output file before character data is sent
to the plot output file. Character data is only sent to the output file when a screen
capture is made will the note is on the screen. The C command is:

fprintf(fp_plotfile,PLOT_START_CHAR);

C.1.13#PLOT_END_CHAR

stroke 0.1 setlinewidth newpath\n

This defines tet that will be sent to the plot output after character data has been
sent to the output file. The C command is:

fprintf(fp_plotfile,PLOT_END_CHAR);

C.1.14 #PLOT_START_STRING

gsave\ncurrentpoint translate\n90 rotate\n(

This defines the x that will be sent to the plot output file just before a character
string to be plotted is sent out. The C command is:

fprintf(fp_plotfile,PLOT_START_STRING);

C.1.15#PLOT_END_STRING

)show\ngrestore\n
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This defines the x that will be sent to the plot output file just after a character
string is sent to the plot output file. The C command is;

fprintf(fp_plotfile, PLOT_END_STRING);
C.1.16 #PLOT_STRING_HEIGHT_X
18

This defines the height in plotter units that character strings witl imethe X
direction.

C.1.17 #PLOT_STRING_HEIGHT_Y
0

This defines the height in plotter units that character strings witl imethe Y
direction.

C.1.18 #PLOT_COMMENT_START
%
Text to send to the plot output file at the start of a comment.
C.1.19 #PLOT_COMMENT_END
\n

Text to send to the plot output file at the end of a comment.

C.1.20 #PLOT_COLOR1

Text to send to the plot output file to selectwirag color 1.

C.1.21 #PLOT_COLOR2

Text to send to the plot output file to selectwirag color 2.

C.1.22 #PLOT_OUTPUT_FILE_NAME
plotout

The name to use for the plot output file. The user wilehthe option of changing
this file name.

C.1.23 #PLOT_PRINT_COMMAND

cat %s %s %s | Ipr -Pfastiw -h\n

Format for the system command to issue to send an output file directly to the
printer The C command is:

sprintf(command_str,PLOT_PRINT_COMMAND,temp1,temp2,t
emp3);
system(command_str);
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C.1.24 #PLOT_RM_COMMAND

rm %s\n

Format for the system command to rema file. The C command is:

sprintf(command_str,PLOT_RM_COMMAND file_name);
system(command_str);

C.1.25 #PLOT_CAT_COMMAND

cat %s %s %s > %s\n

Format for the system command to concatenate three files together to generate the
final output file. The C command is:

sprintf(command_str,PLOT_CAT_COMMAND,temp1,temp2,tem
p3,out_file);
system(command_str);

PITSA Uses Manual C-5



Chapter C

C-6

PITSA Uses Manual



APPENDIX D

Command ffes

When the program mode is turned on, PITSA will store all commands to an output
file. This command file will consist of a simple ASCIxtéle that can be edited by
the userHere is anxample command file created by PTISA:

MAINMENU Retrieve_Files_Menu 0
GETSTRING datsun4

GETSTRING ;

SPECIAL Prog_Msg 0

ARROW 0.124444 0.314545 0.211111 0.201818
ARROW_END 0.0 0.00.00.0

A program message with an arrow.

ENDMSG

MAINMENU Integration_Type 2

GETSTRING ;

BOBMENU Accept/Append Traces

BOBMENU Use selection(s) for remaining traces
MAINMENU Setup_Menu 3

There are four di€rent types of commands stored in these files. The first type is a
main menu selection. Selections from the main menu are written out on one line
starting with the & word MAINMENUollowed by the name of the menu (with
underscores replacing blanks) and the menu item selected where 0 is the first item in
the menu panel. In the ameample, the first command stored is from the main
menu selectiofriles/Traces -> Retrige Hles -> ISAMas shwn in Figure D-1.

Figure D-1. The main menu selectionKiles/Traces -> Retrieve Files -> | SAM)
that corresponds to the first line in the abee example of a command file.

Main Menu

Last Command
Routine Tools —
Advanced Toolﬂ Files/Traces Menu

Utilities

Special Flots Save Files
Setup Add Traces from Filg
Guit Copy Traces
Rearrange Traces
Delete Traces

Change Directory

Retrieve Files Menu
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The second type of command stored is a pop-up menu selection. These selections

are stored on one line starting with they kvord BOBMEN(fbllowed by the name
of the menu selection made. The third type is the user responsetdinpuie win-
dow, which is written out as a single line starting with tegtord GETSTRING
followed by the string the user entered.

Finally, PITSA also stores special actions such as pressirt-8re key to pop up

a message.df the menu messageyseal lines are written out. The first line is
SPECIAL Prog_Msg 0 . Next comes the location of grarrons. These lines
start with the ky word ARROVEInd hae four numbers folling them. The four
number are the x, y start and end points of thenaifbe units for these numbers
are fractions of the screen width and height so that if the wingloesized, the
arrowvs will appear in roughly the same location. Then comes the line that starts
with the ley word ARROW_ENID indicate there are no more avsd Then

between this line and the line that starts with tyevkord ENDMSEhe text for the
message winde appears.

With enough knevledge of the flev of PITSA, the user can fine tune command
files without haing to re-create them from scratch.
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APPENDIX E

GSE waveform format

The GSE format for aweforms is an ascii file, consisting of a header section, a data
section and an end mark and checksaimerfor \erification purposes.

For GSEL1.0 the header section consists of 2 lines and startseywitbrkl WID1,
while for GSE2.x the header is only one line starting wigwiord WID2. The
header entries and their formatted (strict!) position in the appropriate lineseme gi
in Table E-1 and dble E-2.

The data section start with theykvord DAT1 for GSE1.x and BT2 for GSE2.x,
respectiely. According to the subformat specified in the heatierdata is stored in
80 character long ascii lines for GSE1.x and in 132 character long ascii lines for
GSE2.x. An gample for each supported format isegi in Figure E-1 to Figure E-
4,

The end of the data section is indicated by the CHK1 or CHK2 label (GSE1.x /
GSEZ2.x) follaved by an long inger \alue containing the checksum as calculated
by the GSE checksum algorithm.

The most detailed information about GSE format can be found onlineiiogjdhe
index link to GSE/CRP/243 at the Prototype International Data Center PIDC. the
URL is: http://www.cmr.gov and is a onlineersion of the Group of Scien-
tific Experts (GSE) Third dchnical Bst (GSETI3) Conference Roomaper 243

of 1995.
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Table E-1. WID1 section of GSE1.x waeform files.

tion

Position | Name Format Description
LINE 1:
1-4 “WID1" a4 Must be “WID1”
6-13 segment start date | 8 yyyyddd e.g., “1984045",
year + day of year
15-16 start hours i2 hh
18-19 start minutes i2 mm
21-22 start seconds i2 ss
24-26 start milliseconds | i3 nnn
28-35 number of sampleg i8 nnnnnnnn
37-42 station a6 use ISC code
44-51 channel id a8
53-54 channel a2 e.g., sz, lz, ..., etc., null = “-*
56-66 sample rate f11.7 samples per second
68-73 system type ab e.g., S®, GS-13, etc., null = *-"
75-78 data format type a4 “INTX”, “FL TX”, or “CMPZ”
X is width of the data field or “V” for ari-
able. “CMPZ" denotes compressed data (gti-
lizing Z bits per byte.
80 differencing flag i1 0 or*, 1, 2 for nil, first or second dér-
ences respeotly.
LINE 2:
81-89 calibration (@in) f9.6 ground motion per digital count at calibra
tion period, null = “0”
90 units of motion al 0 or blank: nm (displacement)
1: nm/s (elocity)
2: nm/s**2 (acceleration)
91-97 calibration period | f7.4 in seconds, null = “-1”
99-107 station latitude f9.4 decimal dgrees, north > 0,
null = “-999”
109-117 station longitude 9.4 decimal dgrees, east > 0,
null = “-999”
119-127 station eleation f9.4 m abae sea leel > 0, null = “-999”
129-137 depth of sensor f9.4 m > 0, null = “-999”
beneath sudte
139-145 beam azimuth fr.2 degrees measured clockwise from north,
null = “-1"
147-153 beam slaness f7.2 seconds per dgee, null = “-1”
155-160 horizontal orienta- | 6.1 orientation of horizontal sensors, measur

clockwise from north, null = “-1”
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Table E-2. WID2 section of GSE2.x waeform format.

Position Name Format Description
1-4 “WID2" a4 Must be “WID2"
6-15 Date i4,al,i2,al,i2 Date of the first sample
(yyyy/mm/dd)
17-28 Time i2,a1,i2,a1,f6.3 Time of the first sample
(hh:mm:ss.sss)
30-34 Station ab Station Code
36-38 Channel a3 FDSN channel code
40-43 Auxid a3 Auxiliary identification code
45-47 Sub_format a3 “INT, “CMn”, or “AUX”
“INT” is free format intgers as ASCII
characters;

“CM” denotes compressed data, and n is
either 6 (6-bit compression), or 8 (8-bit
binary compression)

“AU” signifies authentication and x is T
(uncompressed binary igers), 6 (6-bit
compression), or 8 (8-bit binary compres

sion).
49-56 Samps i8 Number of samples
58-68 Samprate f11.6 Data sampling rate (Hz)
70-79 Calib el10.2 Calibration &ctor; i.e. the ground motion i

nanometers per digital count at calibratiol
period (calper).

81-87 Calper 7.3 Calibration reference period,; i.e., the peri
in seconds at which calib isiNd; calper
should be near the flat part of the respon
curve (in most cases 1 sec).

89-94 Instype a6 Instrument type

96-100 Hang 5.1 Horizontal orientation of sensaneasured
in positve dgrees clockwise from North (
1.0 if vertical)

102-105 Vang f4.1 Vertical orientation of sensameasured in
degrees from ertical (90.0 if horizontal).

Figure E-1. Example for GSE2.x waveform file. The subbrmat used was the
CM6 (6-bit compressed).

WID2 1997/04/02 23:30:00.024 PDO1 SHZ CM6 12000 40.000000 9.00e-03 1.0000 23900 0.0
DAT2
VU9IUGVY3mEmPZIXIIIIORIBKR2ZKNUPUTTBGRPFHKE7N20kKKISURJF3UFKG-K1UEPV7mFn3YEWHIKI
6J-TVE3IEBUIORQ9IQS19UNKPISUL+C6AOI1ASQUHPOKILMBM4Z0X9IGIBKNUFKLKOYHHKEUIRLGIG1U
H-L8KFI2KBQHYV ........

................. -IQkJUJITUIVE01UFB74N8V1IJUGUMIIDGIIUOM2mKY5VMmS5I-kS2G15UGUSKHUM+I2UN1Q
D8+BUJ4+LHUHOKKUHLKMB3
CHK2 9977338
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Figure E-2. Example for GSE2.x wareform file. the subbrmat used was the
INT format.

WID2 1997/04/02 23:30:00.024 PD01 SHZ  INT 12000 40.000000 9.00e-03 1.0000 23900 0.0
DAT2

0000000000000000000000000000000000001112
22221110000111000-1-2-2-2-1011111110-1-1-2-20
0121100-1-2-2-2-1-1-100012220-1-3-5-6-6-6-6-6-5-6

iéﬁg 1146 1022 905 806 735 658 603 570 529 500 473 434 382 333 285 241 202 180
176 180 191 206 211 209 201 186 168 135 88 34 -35 -112 -189 -267 -338 -391
CHK2 -240381

Figure E-3. Example for GSE1.x waveform file The subbrmat used was the
INTV (integer variable).

WID1 1994277 13 3424795 8000WPR - AZ 27.7777790 SKD-OA INTV O
0.111601 1.0000 49.9880 14.5420 302.0000 302.0000 -1.00 -1.00 -1.0
DAT1
0000000000000000000000000000000000001112
22221110000111000-1-2-2-2-1011111110-1-1-2-20
0121100-1-2-2-2-1-1-100012220-1-3-5-6-6-6-6-6-5-6

iéﬁg 1146 1022 905 806 735 658 603 570 529 500 473 434 382 333 285 241 202 180
176 180 191 206 211 209 201 186 168 135 88 34 -35 -112 -189 -267 -338 -391
CHK1 -240381

Figure E-4. Example for GSE1.x waveform file. The subbrmat used was the
CMP6 (6-bit compression).

WID1 1998182 22 00 00 031 144000/51 REFTEK32 0 40.0000000 N®PE CMP6 2

1.0000001 1.0000 0.0000 0.0000 0.0000-999.0000 -1.00 -1.00 -1.0

DAT1
JLISKFrFIVEVFVEIEWGTI30-m1cBIRNEVISXRMmMZBILOKIMTXGR3aBnOIHVEpP77W+ICUIIQWBYMmI2n
3nEV7kIbCkPpRaSV+n+kQn6kQW9VEWSnAV/EMs30N4WLX3IEZOWIo+n7gD1UJV5cOMRISVKUIO X6k
RVR604UIWSNn+kR/-n6VDX3mTkQI1WNI3QYNNPI1KIOXFo5V7alpB\WOVIp-Z8UINKUQICW2V7nR/GW1PI

nyQXVHIgqlUwDUs6lyTWrPngR/fBVdAMmUCVdOw2UmIIXOXKVZRkr3VWHk 02ky TiDkpGUrMUgKIb6UvCI-
ktAUI-m5gPyBW+nPm-02Up6pGla6Xg2miHInHXaSmkEeGVXIoEUKHIdBGNCt9VjKmoD/pAWY 1npLUs
KVgP1YOkxEWaNIZ9li3WoAlo2Up4wCtKVy7mrCUuSUz2le3VAmBILNn-kkTm3e4VXJsOvFkgLrlUoBw9

CHK1 127428090

E-6
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APPENDIX F GSE Instrument
Responselle

The format of the instrument response files to be used in connection with the Instru-
ment Simulation tool in PITSA Section 6.3 is based on the format of the GSE cali-
bration section:

LINE 1:
0-3: a4 header ID (must be: CAL1)
5-10: a6 station or array name
(ISC code e.g. NB2)
12 - 19: a8 channel id (unique channel code)
21 - 22: a2 channel (sz, Iz, In, etc., null="-")
24 - 29: a6 system type
31 - 33: a3 response type "PAZ", FAP", "FIR",
or "FPZ", null="-"
35 - 40: 3i2 YYMMDD start date of validity
for calibration
42 - 45: 2i2 HHMM start time
47 - 52: 3i2 YYMMDD end date of validity for
calibration, blank if not known
54 - 57: 2i2 HHMM end time
58-79: a32 blanks reserved
if RESPONSE TYPE PAZ: response is given in poles and
zeroes
{
LINE 2:
0-7: i8 number of poles (npole)
LINE 3 - N: (N = npole + 2)
0-7: f,e real part of pole
8 - 15: f,e imaginary part of pole
LINE N+1:
0-7: i8 number of zeroes (nzero)
LINE N+2 - M: (M = N+1 + nzero)
0-7: f,ereal part of pole
8 - 15: f,e imaginary part of pole
LINE M+1:
0 - 19: f,e scale factor C to normalize to
ground displacement in nm
LINE > M+1: explanatory information as needed
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else if RESPONSE TYPE FAP: response is given in fre-
guency - amplitude - phase
{
LINE 2:
0-7: i8 number of triplets (ntrip)
LINE 3 - N: (N =ntrip + 2)
3f, or e triplets frequency,
amplitude, phase
LINE > N: an explanatory information as needed
(variable length)
}
else if RESPONSE TYPE FPZ: response is given using
a combination of Finite Impulse Response (FIR)
and Infinite Response (in PAZ) format
{
LINE 2:
0-7: i8 number of filters (nfir)
LINE 3:
0-3: a4 filter header
(must be of form FIR1 or PAZ)
if FIR1:
{
5-15: f11.7 sampling rate
(input samples per second)
17 - 24:i8 number of coefficients
26 - 33: a8 filter ID, filter designator
code (e.g. GSD 240)
LINE 4 - N: (N = ncoef + 3)
0-15: f,e filter coefficients
J=N
}
else if PAZ:
{
LINE 4:
0-7: i8 number of poles (npole)
LINE5-N: (N =npole + 4)
0-7: f,ereal partof pole
8 - 15: f,e imaginary part of pole
LINE N+1:
0-7: i8 number of zeroes (nzero)
LINE N+2 - M: (M =N + 1 + nzero)
0 - 15: f,ereal part of zero
17 - 32: f,e imaginary part of zero
LINE M+1:
0 - 7: f,e scale factor C to normalize
to ground displacement (nm/ct)
J=M+1
}
LINE J+1:
0-3: a4 filter header
(must be of form FIR1 or PAZ1)
if FIR1:
{
5-15: f11.7 sampling rate
(input samples per second)
... Same as above ...
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}
else if PAZ:

{
LINE J+2:
0-7: i8 number of poles (npole)
.... Same as above ...
additional explanatory information
as needed
}
}
else if RESPONSE TYPE FIR: response is given using

Finite Impulse Response (FIR) filter
coefficients format

LINE 2:
0-7: i8 number of filters (nfir)
LINE 3:
0-3: a4 filter header (must be FIR1)
5-15:f11.7 sampling rate
(input samples per second)
17 - 24:i8 number of coefficients (ncoef)
26 - 33: a8 filter ID, filter designator code
(e.g. GSD 240)
LINE 4 - N: (N = ncoef + 3)
0 - 15: f,e filter coefficients
LINE N+1:
0-3: a4 filter header
(must be of form FIR1 or PAZ1)
5-15:f11.7 sampling rate
(input samples per second)
17 - 24:i8 number of coefficients
26 - 33: a8 filter ID, filter designator code
(e.g. GSD 240)
LINESN + 2 - M: (M = ncoef + N + 1)
0 - 15: f,e filter coefficients
LINES M =1 - L: additional filters as
required
LINE L+1: additional explanatory information
as needed
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APPENDIX G

Automatic Phase Fkmng

Automatic phase picking is done in PITSA using the algorithm of Baer and
Kradolfer(1987).

This technique is based on a statisticall@ation of a function defined &s(t).

This function is calculated from thevatope function of each trace which has been
raised to the 4th peer. For each trace, theavianceS(t) of SHt) is calculated within

a certain time windw of given length (PRESETDUR) which starts at thgibring

of the trace. The function which is actualiyakiated is:

CF(t) = (SF(t)—SF(t))/(S(t)) (equation (8) Baer and Kradolfer987).

A pick flag is set ifCF(t) increases abe a gven threshold (THRSHL1). Heever,
as long a£F(t) stays belw a second threshold (THRSHL?2) and the current time is
less than 2*PRESETDURS(t) and the griance ofSF(t)is updated.

A pick is accepted only if the pick flag is set for a certain time iat¢iMJPE-
VENT). However, sinceCF(t) may not necessarily be a smooth function, it may
drop belev the given threshold (THRSHL1) for less than a certain duration
(TDOWNMAX) without causing the pick flag to be cleared.

After a pick has been accepted, the maximumarwamplitude f§a,) is evaluated

within a certain time period folleing the pick (P_DUR). The lgest amplitude
before the pick flag in the tracewsset for the first time is considered to correspond
to the noise amplitude{y,). The ratiox, = pamdNampis evaluated as a measure of

reliability of the pick. On the basis gf, the HYPO71 phase descriptions are deter-
mined for each phase. The qualiggtor is takn to be 0 fox, > 8.0, 1 forx, > 6.0,

2 forx. > 4.0, 3 forx, > 1.5, and 4 fox, <= 1.5. Quality &ctors of O or 1 are labeled
impulsive (1), while the others are labeled as ayeet (E) onsets.

The first motion direction for each phase is also determined automatically and
added to the phase description.

The performance of the phase gicklepends strongly on thalues of the tuning
parameters PRESETDUR, TRONMAX, TUPEVENT, THRSHL1, THRSHL2,
and P_DUR (@ble G-1). These can be altered within the configuration file
pitsa.cfg (see Appendix B).
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Table G-1. Tuning parameters used by the automatic P-phase piek

P_DUR

On defult set to 5.0. This means the maximumavev
amplitude is ealuated within a time windwe of 5 seconds
following the determined P phase onset.

PRESETDUR

On detult set to .5. This means ttgt), the \ariance of
SH({) is evaluated within the first .5 seconds of the trace
However, it will be updated as long &(t) stays belw
THRSHL2 and the current time is less than 2*PRESET
DUR.

TDOWNMAX

On detult set to 0.1. This means tt@f(t) may drop
belov THRSHL1 for less than 0.1 seconds without causghg
the pick flag to be cleared.

TUPEVENT

On detult set to 0.3. This means tl@2f(t) has to stay
abore THRSHL1 for at least 0.3 seconds for the pick to
accepted.

1=

THRSHL1, THRSHL2

These walues determine the twevaluation thresholds for

CF(t). They correspond to the parameters S1 and S2 in Baer

and Kradolfer (1987), and are set onaidfto 10 and 20,
respectiely.

G-2
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APPENDIX H

Problem-Solving with
HYPO71

It may be the case that HYPO71 will not run corredtithis case, the user will
need to understand a little bit abouthBITSA sets up the HYPO71 run in order to
find the problem. Problems can occur if a station that a phase has behquidk
not in the station file, fon@mple. This section will outline the files that PITSA cre-
ates and the system command it issues to run HYPO71 so that the user can run
HYPO71 by hand.

First PITSA generates a file namiagut in PITSAs current directory (the same
directory that it looks for the station and phase file in). If the user doesvmot ha
write permission for this directarfPITSA will not be able to run HYPO71. This
small file will contain three lines, foxample:

pitsahyp.inp
hypo_out.prt
hypo_out.pun

The first line is the name of the input file that HYPO71 will use which is also gener-
ated by PITSA in PITSA current directoryThis is a hard wired name and must be
pitsahyp.inp . The second line is the name of the output file HYPO71 will cre-
ate and is the HYPO71 output file name that the useida® PITSA with.prt
appended. This is the file that HYPO71 will create if it runs successfully and is the
file PITSA reads the meevent information from. It will be created in PITSAcur-

rent directory The third line is a file name that is needed by HYPQit 1smot used

by PITSA. It is generated the samaythe.prt file is generatedxeept that

.pun is appended instead gt . Thepitsahyp.inp file is generated by
appending together the control filelecity model, station file, phase file and other
required lines togetherhe first tvo lines are alays:

HEAD HYPO71PC SETUP FOR PITSAVER 3.3
RESET TEST(06)=1.

Then a blank line follwed by the station file (this is the station file that is generated
in example ):

CRPV3754.75N12154.36W331000
HPRV3657.19N12141.70W940000
JPLV3658.62N12149.92W158000
HGWV3701.02N12139.18W133000
JECV3703.04N12148.54W438000
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HCRV3657.46N12135.04W241000
HAZV3653.08N12135.46W122000
JHLV3706.54N12149.98W908000

HJGV3647.88N12134.44W171000
HCAV3701.52N12129.04W332000
JALV3709.50N12150.82W244000

CADV3709.83N12137.56W207000

Followed by another blank line and thelacity model file:

4.00 0.0
590 3.5
6.80 15.0
8.05 25.0

Then another blank line and the control header file:
5.25.50.1.78 2 1 18 1 111

And then the phase file (this is the phase file that is generateanmpke ):

CRPVIPDO 891023002935.76
HPRVEPDO 891023002932.25
JPLVIPUO 891023002932.78
HGWVIPUO 891023002932.35
JECVEPD1 891023002932.78
HCRVEPUO 891023002933.01
HAZVIPDO 891023002933.04
JHLVIPDO 891023002933.44
HJGVEP?2 891023002933.40
HCAVIPUO 891023002934.43
JALVIPDO 891023002934.09
CADVEPUO 891023002934.47

After theinput andpitsahyp.inp files have been created, PITSA then issues
the followving system command:

cd <PITSA's current path>; hypo71pc < input > output

If hypo71pc is notin the users path, then PITSA will not be able to run the
HYPO71 program. The output of the PITSA program is redirected to thofile

put , which will contain ag error messages HYPO71 generates. If HYPO71 does
not run, then the user should ¢ak look at this file. The user can run HYPO71 by
hand by changing into the directory that contains the station and phase file and then
typing hypo71pc . HYPO71 will ask the user for the three file names that are nor-
mally in theinput file and then attempt to locate thesit.

Example: Running HYPO71 from PITSA.
e First load in theasaml file system:
* Change to the PITSAemodata directory and start PITSA.

e SelecfFiles/Traces -> Retrieve Files -> ISAlRhd enteisaml1 as the file
name.

* Select all channels to be loaded in by enteyirag the channel list to load.

PITSA will now display 12 channels. These channelsehaready been piekl, so
all we hae to do is create a station and phase file:

H-2
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¢ SelectRoutine Tools -> Phase Picking

¢ SelectPhase Picking Menu -> Output phases(s)

e SelectHYPO71as the phase output format.

¢ Select, as the channel list.

e Enterisaml.pha for the name of the phase file.

After PITSA creates the phase output file, you should see the message in Figure 9-
14 appear in the upper left hand corner of the scremnmdst click in the tiiton

before you can continue on.

Figure 9-14. The message that appears after the phase file i®ated in example

Total number of phases in new file
Number of new phases used

Number of new phases ignored
Number of old phases used

Number of old phases ingored
Number of warinings

| CONTINUE

Now create a station file:

¢ SelectPhase Picking Menu -> Output station(s)

¢ SelectHYPO71as the station output format.

¢ Enter; for the channel list.

* Enterisaml.sta for the name of the station output file.

Now you are ready to run HYPO71:

¢ SelectPhase Picking Menu -> Run location program

* SelectHYPO71as the location program to run.

* Entervelmod.hdr for the \elocity model (it will be the dedult).

¢ Entercontrol.hdr for the control header (it will also be the aleit).
* Enterisaml.sta for the station file.

* Enterisaml.pha for the phase file.

e Enterhypo_out for the output file (it will be the dafilt).

* When HYPO71 finishes, seldaobad in results

After the location results are read in, you will see the message in Figure 9-15
appear in the upper left hand corner of the screen. In order to continue on, you must
click in theCONTINUEbutton. PITSA has ne read in the n& event location and
created 12 synthetic phases thatshite phase residuals.eé/¢an viev the residu-

als by selecting Phase Picking Menu -> Adjust phase(s):

Figure 9-15. The message PITSA displays after HYPO7lesult are read in
example .

Mew Location: 36,95 [lat degl -121.74 [lon degl 18.29 [depth kml
F residuals: 0,978 [ave secl 9,760 [max secl 12 [# residuoals]

S residuals: 0,000 Lave secl 0,000 [max secl O [# residuoals]

12 synthetic phases created

CONTIMUE
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* SelectPhase Picking Menu -> Adjust phase(s)

* Enter; for the channel list.

* Enter3 as the number of channels to look at each time.

* Enter3 as the number of channels to increment each pass.

Figure 9-16 shws PITSA on its first pass through the phase picking screen. Notice
that the zoom winda is centered around the first phase pick in the top trace, which
is (1) in this case. This is WoPITSA alvays aligns the zoom windowhen this

screen first comes upofFtrace (1), we only see the phase thas wreiously

picked and we dom’'see ay phase picks for the otherdviraces. This is because

the residual phase for trace (1) is outside of the zoom box as well as the phases for
traces (2) and (3)lo see the phase picks and residuals of the other two traces,
move the left edge of the zoom box by pressing the left mouse button while the
mouse pointer is just outside and to the left of the zoom box. The pointer in figure
Figure 9-16 shows where your mouse pointer should be when you first press down
on the button. Then, while the mouse button is held down, move the mouse pointer
to the left. As you do, the left edge of the zoom box will follow the cursor. When
the left edge of the zoom box is to the left of the picks in trace (2), release the
mouse button. When the mouse button is released, the traces in the lower part of
the screen will be redrawn to reflect the new zoom box. Figure 9-17 shows the
screen after the left edge of the zoom box has been moved.

Figure 9-16. The PITSA phase picking sceen on the first pass in example .

pitsa o Popup Menu

| Fhase Menu

Fhase Type

Onset Type

First Motion

TIME [sec]
P:__I00
623,017 T 1 T T T {1

Weight

Set Amplitode

Clear Amplitude

-679, Hilbert Transfor

1680,

Clear Hilbert Fl

2045, Delta
1800.,0 Clear Delta
(3 Next Trace
1517.0 | | FPrewv Trace
3.0 5.2 5.4 5.6 5.8 9.0 9.2
TIME [sec] All Traces
ion: Menu Mode: MNormal Hardcopy: OFF Full In GLl1 Com

I
I
I
I
I
I
I
| Set Hilbert Fla
I
I
I
I
I
I
I
I

We can see the synthetic phase for trace (1) byrmgdhe right edge of the zoom
box using the same method as befoxeept that we put the mouse pointer just
outside on the right side of the zoom box; the pointer in Figure 9-1sshbere
the mouse pointer should be before you pressidhe left mouseuiton. Figure 9-
18 shavs the screen after the right edge of the zoom box has beadmo

H-4
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Figure 9-17. The PITSA phase picking sceen after the left edge of the zoom
box has been adjusted in example .

pitsa o Popup Menu

| Fhase Menu

Fhase Type

Onset Type

3 5.0 10.0 15,0 20,0 25.0 First Motion

Weight

623, Set Amplitode

Clear Amplitude

-G679, Hilbert Transfor

1686,

Clear Hilbert Fl

2045, Delta

1800, Clear Delta

Next Trace

1836,

Frewv Trace

5.0 6.0 7.0 3.0 9.0
TIME [sec]
iony Thinking Mode: MNormal Hardcopy: OFF

All Traces

Full In ALl Com

I
I
I
I
I
I
I
| Set Hilbert Fla
I
I
I
I
I
I
I
|

Fiull Tm Mearast ©

Figure 9-18. The PITSA phase picking sceen after the right edge of the zoom
box has been adjusted in example .

pitsa Popup Menu

| Fhase Menu

Fhase Type

Onset Type

First Motion

TIME [sec]

Weight

Set Amplitode

Clear Amplitude

Hilbert Transfor

Clear Hilbert Fl

Delta

Clear Delta

Next Trace

1839.0 I I 1 I I I I
6.0 5.0 10,0 12,0 14,0 16,0 1B.0
TIME [sec]

iony Thinking Mode: MNormal Hardcopy: OFF

Frewv Trace

All Traces

Full In ALl Com

I
I
I
I
I
I
I
| Set Hilbert Fla
I
I
I
I
I
I
I
I

| R [

In Figure 9-18 we can see the phase and residual phases for all three traces. In trace
(1), the phase thatag used for the location (the pieusly picked phase) is

P:__IDO and the residual phase (a synthetic phase because it has no colon) is
IPDO . Notice that the phase id for the synthetic phasesfereiit from the phase

id of the picled phase. This is because the residual phase uses the HYPO71 naming
corvention which placesmpulsive orEmergent first, follaved by either & or S,

then the first motion, and then the weight. The residual phases can be used as an aid
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in adjusting the phases. Notice that you will not be able to adjust or edit the resid-
ual phases.

The residual for trace (1) is quitedarindicating that there is something wrong
with that station, either the station location or timing fs lbfvould probably be
best to re-locate thisrent leaing out this station.d do this, you can just deleted
the phase pick, create amphase file (entering:12 as the channel list) and then
re-run HYPO71.

* To view the remaining traces, select fPlease Menu -> DONEelection. This
will bring up the ngt three traces.

* Continue selectingfhase Menu -> DONHntil all the phases kia been
viewed. This ends thexample

H-6
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Index

Symbols
1

A
A/D corverter 1, 26, 28
Accepting nev or processed trace®
Acknowledgements3
Adjust phasesl4
controlling zoom14
phase menw22

all traces28

clear amplitude25
clear delta26

clear Hilbert flag27
clear pulled in28
delta 25

done 29

first motion 22
Hilbert transform 26
next trace 28

onset type22
phase type22

prev trace 28

pull in all comp 28
pull in nearest st&28
refresh 28

set amplitude23
set Hilbert flag27

weight 23

picking phasesl6
Advanced tools

coherence spectrum?7

convolution 26

correlation 25

cross spectruns6

ervelope 37

FFT 12

filter 2
Hilbert transform 37
inverse FFT15
maximum entrop spectrum17
particle motion28
polarization filter 42
rotate component88
spectrum1l
and 9
AR processl7
ARMA coefficients 9
ASCI| format 2, 2
header line7
retrieve files 5
save files 9
Automatic processingt
Autoscale traced 3
Average43
Axis type 14, 16, 46, 9, 14
Azimuth 39, 41, 14, 17

B
Band pass filter2, 6, 7
Baseline correctior2
linear rgression44
linear trend43
offset 43
running aerage 43
Beam forming 15
Body wave magnitude34
Brune sourceb
Butterworth filter
Band Riss 2
High Pass 5
Low Pass 4

C
Changing directories
Chirp signal 7
Clear
all phases32
amplitude 25
phases32
select phase82
Coherence spectrum?
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Index

Color settingsl
Command files3
Constant functionst
Constants4
Convolution 26, 26, 27
Copy traces10
Correlation 25

Cross spectrun6
.cshrc1

D
Data tracel
Decorvolution 26, 27
Delete tracesl2
Delta phase25
De-ringing filter 5
Dialog boxes
clearing quickly 1
keyboard focus6
textinput 5
Dialog menus?
Difference
equation2
equation filter8
Differentiate 41
Digital resampling25
Digitization 22
Discretize signal23
Distance plot3
Double channel utilitiesl 1

E

Edit 6
despiking 9
glitch editing 8
interpolate 6, 8
point editing 6

Envelope 37

Environment \ariables
PITSA_CONFIG_RTH_ENV 2
PITSA_HYPO71_RTH_ENV 2, 31
PITSA_PRINTDEF_MME_ENV 2,

7

PITSA_PRINTDEF_RTH_ENV 2,7

Adjust phases
phase menu

29

Event
accessl6
Exit 9

F
FAP 10
FFT 12
demultiplex from FFT format17
inverse 15
multiplex to FFT format16
File /O 1
File types3
Files and traces
retrieve files 3
save files 8
Filter 2
band pas, 6
de-ringing 5
difference equatior8
gaussian band pass

high pass5
low pass4
notch 7
FIR 10
First motion 22
Flags
plotall 10
Font size 2

G

Generic V@od Anderson magnitudd4
GSE 2

GSE format10

GSE Reading8

H
Hardcopy
screendump fileg
status line9
Header acces§, 15
Event headerl6
output information18
Plot headerl7
Record headed7
Station headed5
High pass filter5
Hilbert
flag 27
transform 26
Hilbert transform 37
History function 9
HYPO71 1
control.hdr 31
dehugging 32
example 2
phase label0
phase output status messagf@
processing30
running 31
synthetic phase81
weight 23
HYPO71 phase id coention 5

|
Incidence angle4l
Installation
user 1
Instrument correctiord
GSE format10
response fileslO
Integrate
Tick’s rule 40
trapezoidal rule40
Inverse FFT15
IRIS 4
ISAM format 2, 2
example 4
retrieve files 3
save files 9

L

Last commandd

Linear
regression44
regression remeeal 44
trend remwal 43

Local magnitude34
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Location
running HYPO7132
Location programs31

M
Magnitudes34, 34
Maximum entroy spectrum17
Menu

main menu item selectiod
Mixed signal5
Moment magnitude34, 37, 40
Multiplex format 16, 17

N

Next trace 28

Noisy traces2

Notch filter 2, 7
Numbered postscript fileg

(0]

Offset remeal 43
Onset type22
Output phase9

P

Particle motion 28
2D snale 29
3D snale 33

Path to data files3

PAZ format 10

Personal note
by Frank Scherbaurd
by James Johnso#

Phase erro25

Phase ids 22

Phase label20

Phase pickingl2
adjusting and editing phasds!
auto picler parameters
automatic phase picking3
clear phasess2
clearing all phase82
clearing select phase32
DONE 33
HYPO71 30
output phase®9
output stations31
particle motion33, 36
phase label20
plot all 33
run location progransl
sort by distance29

PITSA.CFG 2
P Picler 1
phase pickingl

Plain ASCII files5

Plain Sum15

Plot accessl7

Plot all 33

Plot all flag 10

Polarization filter42

Pole zero file
filter 8

Popup menus/

Prev trace 28

Processed

Program mode3

accepting defult 6
input files 4
input modifiers6

Q
Quit 9

R
Reading data
ASCII files 5
ISAM format 3
Rearrange trace$l
Record accesd7
Rectilinearity 43
Resamplingl, 22, 22, 25
Resizing PITSA9
Retrieve file 3
Ricker wavelet 6
Rotate component88
Routine tools
adjust phase(s14
baseline correctiong?2
differentiate 41
edit 6
integrate 40
magnitudes34
phase pickingl2
RPN equation8
Running aerage 43

S
Sampling rate2, 17
Save files 8
ASCII format 9
ISAM format 9
Scale traces together2
Section plots2
Seismometer signaf
Set amplitude23
Setup
hardcoy mode 2
program/track mode
Simulate A/D Cowerter 26
Sine/cos3
Single channel utilitiesLO
Sinusoidal signals3
Snale
Particle motion 28
Sort traces by distanc29
Spectrum11
Spikes 3
Stack tracesl4
Station
accessl5
Statistics 43
Status line8
Surface vave magnitude34

T
Taper functions12
Test signalsl
noisy traces2
Text 5
Text input 5
trace 7
Traces
accepting n& 8
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adding traces from ISAM file
systems9
autoscale trace43
copy traces10
delete tracesl2
input for channel lists?
processing laye data set8
rearrange tracegl
scale traces togethdr2
scaling traces9
utilities 1, 9
Track mode3
accepting defult 6
input files 4
input modifiers6
Triple channel utilities12

U
Unify Traces 15
University NAVSTAR Consortium4

W
Waterlerel 27
Whittaker reconstructior24

z

Zoom 2
accept zoom winde 4
adjust zoom winde 4
index selection5
tapered4

Zoom box 14
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