Appendix A: Utility Programs

Utility Programs described in this appendix are:

Section
Program

A.1
MT5LIST: Station Distribution 
A.2
MT5GDSN: Preparing GDSN Data 
A.3
MT5DIG: Waveform Digitizing 
A.4
MT5INT: Waveform Preparation 
A.5
MT5PREV: Preview Data

A.1 MT5LIST: Station Distribution

Given the location and origin time of an earthquake, this program calculates the distance and azimuth, back-azimuth, take-off angle, and the expected P and S arrival times at WWSSN and GDSN stations. Arrival times are based on the Jeffreys-Bullen tables, or optionally on the IASPEI 1991 travel time model. You can modify the M5STATIO.DAT file of station locations so that other stations are included (see Appendix B.7). 

MT5LIST Menu 

I -- -- INPUT DATA: The earthquake hypocentral information can be entered either at the KEYBOARD or via a file on disk. In the KEYBOARD option you will be prompted for each event (Press Esc to stop). In the file option, enter one event per line in the Event Header format (see Appendix B.1; magnitude and the number of stations are not necessary). 

O -- -- OUTPUT FILE: Enter the name of the output file for the station list. The output file contains new page characters where needed. Below is a sample of output. 

P -- -- P WAVE VELOCITY: Enter the P wave velocity at the earthquake source; this is used to calculate take-off angles. 

M -- -- EPICENTRAL DISTANCE RANGE: Enter the range of epicentral distance (delta) in degrees to be included in the list. 

N -- -- NETWORKS: Enter the networks to be searched using a string of 1-digit numbers each of which corresponds to a network. For example, enter 02 to get WWSSN and SRO/ASRO stations. New stations can be added to the list by adding them to ASCII file M5STATIO.DAT (see Appendix B.7). 

S -- -- SORT ORDER: can be 1 of the following: 
1 = unsorted 
2 = by station number (default) 
3 = by station name 
4 = by azimuth 
5 = by delta (source to station distance)

T -- -- TRAVEL TIME TABLE SELECTION: options are:
1 = Jeffreys-Bullen (used by ISC for EQ location; this is the default and 
recommended setting)
2 = IASPEI-91

B -- -- BEGIN: Start generating lists, one list per earthquake. If you selected KEYBOARD entry in choice I above, you will be prompted to enter a date, hour, minute, second, latitude, longitude, and depth of event (see Step 3 in example below).

X -- -- SHELL TO DOS: Enter exit at DOS prompt to return to MT5LIST. 

Q -- -- QUIT MT5LIST.

Example of using MT5LIST: 

Step 1: Type mt5list and the press the Enter key. The station and travel-time files will be read. 

Step 2: Press the n key. Type 012 and press the Enter key to access WWSSN, DWWSSN, and SRO stations. 

Step 3: Press the b key to begin. Answer each question about the hypocentral information by typing the numerical value and then press the Enter key as shown below: 

YYMMDD:     831125
Hour:       19
Minute:     56
Second:     8.6
Latitude:   -40.44
Longitude:  155.58
Depth:      24
The program will print ‘Processing 831125’ and then the YYMMDD prompt will appear again. Press the Esc key to get back to the Menu. Press q to quit. The file STALIST.OUT should now exist with contents as shown here. 

{Sample output from MT5LIST} 

Event       Latitude  Longitude      Depth   Origin Time                       Page

831125       -40.440    155.580     24.000    19:56: 8.6                          1

Stat.   N      Delta    Azimuth     Backaz    Take-off     P-time      S-time 

AFI     5      38.88      56.55     220.98      26.78    20: 3:33.9   20: 9:30.7

SNA     8      68.40     187.88     162.01      19.55    20: 7: 9.6   20:16: 7.8

BAG    14      65.23     322.70     151.19      20.20    20: 6:50.5   20:15:31.1

.

.

. 

NWAO  213      31.46     271.46     114.87      28.35    20: 2:30.4   20: 7:35.9 

SHIO  214      88.39     305.90     136.80      15.01    20: 8:59.8   20:19:41.9 

TATO  216      72.40     327.75     153.33      18.73    20: 7:34.8   20:16:56.0

***** 

Explanation of MT5LIST output:

Stat. = seismograph station code

N = optional station number; for WWSSN stations these are the numbers on the film chips

Delta = distance in degrees from the station to the epicenter

Azimuth = clockwise azimuth with respect to north from the epicenter to the station 

Backaz = clockwise azimuth with respect to north from the station to the epicenter 

Take-off = angle in degrees of the ray leaving the source (with respect to the downward vertical) 

P-time = theoretical arrival time of the P wave 

S-time = theoretical arrival time of the S wave 

If the station is beyond the distance for which the P and S travel-time tables are available (100 degrees), the times are approximated by adding 8.3 sec per degree beyond 100 degrees for P and 4.5 sec per degree for the S. 

*****

A.2 MT5GDSN: Preparing GDSN Data

The program MT5GDSN reads the RETRV.xxx files produced by the USGS program CDRETRV that extracts waveform data from CD-ROMs. MT5GDSN will allow the user to select segments of the seismogram and will write them to a .DSN file in an ASCII format that can be used by MT5INT. 

Important Note: Intermediate period vertical P seismograms (IPZ) are assigned to the slot of broad-band P so they will appear as GDBP in MT5 and MT5INT. The programs cannot use intermediate period horizontal components to produce an intermediate period SH. 

MT5GDSN contains one option menu and one windowing screen. The necessary inputs are given in the SETUP MENU. The program will then run through all the data in order of LP, SP, and IP. 

MT5GDSN Setup Menu

The SETUP MENU gets file names, components to be read, and the hypocenter.

N -- -- PREFIX NAME: Enter the prefix for the RETRV files. (Enter the complete path name for the files.) These will normally comprise the seven files RETRV.LPZ, RETRV.LPN, RETRV.LPE, RETRV.SPZ, RETRV.SPN, RETRV.SPE, and RETRV.IPZ, but you may enter the appropriate prefix. After entering the file name prefix the program will check for existence of the files. If a particular file does not exist, an asterisk ‘*’ will appear next to the component name under option C. If all components have asterisks, this means you have no input data files. 

O -- -- OUTPUT FILE: Enter the name of the output file. The program will append a .DSN extension to it. 

C -- -- COMPONENTS: For each component to read, enter y to read or n to not read followed by Enter. Pressing Enter alone does not change the selection. If the corresponding file does not exist then an asterisk will appear next to it in the menu and this component will be skipped. 

H -- -- HYPOCENTRAL INFO: Enter the hypocentral information as it is requested (optional). MT5GDSN uses this only to generate a hypocentral header line for the .DSN file. 

B -- -- BEGIN: Start processing data (see MT5GDSN Windowing Screen below).

X -- -- SHELL TO DOS: Enter exit at DOS prompt to return to MT5GDSN. 

Q -- -- QUIT MT5GDSN
MT5GDSN Windowing Screen 

Once all the information is correct, press b to start reading data. (If you are immediately returned to the menu, probably none of the files exist; check the file name.) A STATION DATA information screen will appear; none of this information can be modified. Press any key to continue. The seismogram will be plotted along with (at the top) the station name and component, the number of points read in, the minimum (Amin) and maximum (Amax) amplitudes, and the Start and End points for the current window (defaulting to the entire record). Also shown are the UCT times of the Start and End of the current window and the time increment for the vertical time tics at the bottom of the seismogram. 

This section allows you to select a segment of the seismogram to write to the data file. This can be done either by entering the start and end point numbers (option F6, where F6 means function key labeled F6) or by using a cursor to move the window limits (option F5). 

F1 or s -- -- Show the STATION DATA screen. 

F2 or n -- -- Skip this seismogram and go on to the next one (you will be asked for verification). 

F3 or w -- -- Write the seismogram data within the current window to the output file and proceed to the next seismogram. 

F4 or a -- -- Replot all of the data on the screen; i.e., reset window to entire seismogram. 

F5 or c -- -- Go to the graphics windowing procedure (see below). 

F6 or e -- -- Enter the point numbers for the beginning and the end of the seismogram window. The new section of the seismogram will be plotted. 

F7 or r -- -- Make a new plot of the seismogram on the screen. 

Q -- -- Go back to the SETUP MENU. If you do this all files are closed. If you begin again, the processing will start at the beginning. 

IMPORTANT: Unless you change the name of the output file, it will be written over when you restart. 

MT5GDSN Graphic Windowing (option F5) 

The Start cursor is a vertical bar pointing up at the beginning of the record that can be moved to the right or left with the arrow keys. The Step is the number of points it moves with each key stroke; the Step can be increased or decreased using the up and down arrows. As you move the cursor the window Start and End point numbers and times will be updated. 

Press the End key or e to activate the End cursor at the end of the record (this cursor points down). Move the cursor to the end of the window you want. Note that the End cursor cannot move to the left of the window Start cursor but that both cursors can go out of the current window (i.e., off the screen). Press the Home  key to activate the Start cursor again. 

When you press the Esc key to leave this mode the new window will be that portion between the two vertical bars. There may be a small delay in the response as the seismogram is rescaled. 

Example of using MT5GDSN: 

Step 1:  Type mt5gdsn and press the Enter key to start the program. You will see the Welcome screen; Press any key to continue. 

Step 2:  At the SETUP MENU press the n key to enter the prefix for the RETRV files. Type a831125 and press the Enter key (i.e., this instructs the program to read from files A831125.LPZ, A831125.LPN, and A831125.LPE).  The screen will be updated and the output file will be changed to A831125.DSN. Be aware that this will write over the A831125.DSN file on your disk unless you change the output name with the O option. 

Step 3: Press the b key to begin. The screen will clear, data will be read and the station data screen will appear. Press any key to continue. 

Step 4: The entire LPZ seismogram from station GUMO will appear. To capture the P phase press the F6 key. For the STARTING point type 50 and press the Enter key; for the ENDING point type 250 and press the Enter key. The new segment of the seismogram will appear.  Press the F4 key to get the entire seismogram back. 

Step 5: Press the F5 key to window with the cursor. Use the right arrow key to move the cursor to the right.  Use the up and down arrow keys to increase or decrease the step (this controls the cursor speed). Press the End key to move the cursor at the end of the seismogram. Move the Step up to 60 with the up arrow key. Move the cursor to the left with the left arrow key until the cursor is at the end of the P-wave (i.e., End point about 200). Press the Esc key to see new segment. Press the F3 key to write this segment to the .DSN file. 

Step 6: Repeat steps 4 and 5 for all seismograms. You should consult the results of the MT5LIST program for the arrival times of the P and SH phases for guidance in selecting the windows to keep. Also try to keep the same starting and ending points for the LPN and LPE at the same station because any points not common to both components are not used and thus waste disk storage. 

When all data has been processed you will be returned to the SETUP MENU. 

A.3 MT5DIG: Waveform Digitizing 

MT5DIG is for digitizing paper copies of seismograms. Default parameters for WWSSN seismograms are provided but any seismogram can be digitized, even those with pivoting pens. Its output is a .DIG file in the format for the MT5INT interpolation routine. 

A.3.1 Data Input Source Menu

The first menu that appears allows you to select to configure the program for input of waveform data. The menu choices are: 

D -- -- DIGITIZING BOARD INPUT: accept data from a digitizing board attached to the computer through a COM port (goes to Main Menu). 

F -- -- FILE INPUT: If you have a digitizer attached to another computer or cannot get MT5DIG to work with your tablet, you can make a file of digitized data points (in digitizer units) with a program of your own and this file can be read and processed by MT5DIG (see Appendix A.3.4 Digitizer Data File). This choice goes to Main Menu. 

C -- -- CHANGE CONFIGURATION: Allows you to change the program configuration for communicating with the digitizing board (see Appendix A.3.5 Changing Board Configuration). 

A.3.2 MT5DIG Main Menu 

When you select D or F in the Data Source Menu, you will go to the Main Menu. The Main Menu allows you to change station and seismogram information. If you are using the file input mode (instead of the digitizer), this menu will automatically read the station information from the file each time you start a new seismogram. You need change only that information that is different for the different seismograms. 

F -- -- The output file will be the .DIG file. This file is opened in the APPEND mode each time you write to it, to prevent loss of data in the buffer should the program or computer crash. Therefore, if your output file exists, the new data will be appended to it instead of to a new file.

H -- -- A header to identify the seismogram (up to 12 characters). This header is entered on the station line in the .DIG file for each seismogram but is not used. 

O -- -- If this option is on, the program checks each point to see if its time is after that of the previous point. If this test fails, that is, if you start digitizing backwards in time, a beep will sound and you will be asked if this point should be kept. A negative response will ignore the point. If points go backward in time it is probably an indication that the reference trace being used is not parallel to the trace containing the earthquake. In this case, start over using a different trace for reference. If digitizing short-period data you may turn off the order-checking and digitize all the peaks, then all the troughs. When you finish digitizing all points are sorted chronologically.

S -- -- Station code (up to 4 letters).

M -- -- Instrument magnification (negative number for reversed polarity). Some defaults are listed and can be chosen by entering the index number. 

C -- -- Component: Enter the number of the component. 

I -- -- The time of the initial point to be digitized in Hours, Minutes, and Seconds. This is used as a reference time and its position on the seismogram is digitized just before digitizing the waveform. All subsequent times are measured from this time. For LP WWSSN seismograms this time is usually the minute mark before the onset of the phase and the initial time is taken as this minute plus 1 second. In this way the middle of the 2s long minute mark, which is less distorted than the edges, can be digitized to improve accuracy. The reference time may be a point within or after the part of the seismogram to be digitized. 

P -- -- The radius in mm of the pen that drew the seismogram. The program will remove the arc of the pen. Enter 0 if no pen was used. 

A -- -- Clock correction in milliseconds. This correction is added to the initial time. 

R -- -- The type of instrument for this seismogram. This number is used by MT5 to calculate the appropriate response. 

T -- -- The seismogram type is used to calculate default scaling of the paper seismogram, so that the amplitudes can be recovered, and to calculate the correction for the non-orthogonality of the time and amplitude axes. If you choose type 1, 2, or 3 (standard WWSSN formats) the program uses known values for the number of minutes per trace (i.e., how many minutes does it take for one revolution of the drum?), the recording speed of the original seismogram in mm/minute, and the angle between the time and amplitude axes. If you choose a type over 3 (other ...) the program will later ask for the first two of these values and will calculate the third from points that you digitize. The three types in the “other” category designate the options for instrument response calibration type: 4 = displacement, 5 = velocity, and 6 = acceleration. Instrument response calibrations for these “other” types will need to be hand-entered into the .DIG file later (see Appendix C). 

WARNING: Using the wrong seismogram type causes the calculated times and amplitudes to be wrong. If you finish digitizing and have used the wrong seismogram type, rather than re-digitizing you can recover the raw data from the DIGIT.TMP file, correct the seismogram type, and re-analyse the seismogram. 

D -- -- This option starts reading from the input file or digitizer. 

A.3.3 Digitizing 

When you start digitizing, the six (6) initial points digitized (in order) orient the seismogram on the tablet and determine the scaling factors. Figure 9 shows an example of the locations of these six points on a WWSSN seismogram. Points 1 and 2 are at either end of a single trace and tell the program how the time axis is oriented on the tablet. Try to find a representative flat trace and place these points at the ends. Point 3 is along the flat part of the trace below the one containing points 1 and 2. This tells the program the spacing between the traces from which the angle between the time and amplitude axes is calculated (if a WWSSN seismogram is being digitized this point is ignored). Points 4 and 5 are minute marks on the same trace and one minute apart. Point 6 is a later minute mark on the same trace. These points provide time and amplitude scaling. On the screen, the program tells you which point it is expecting. 

After digitizing these 6 points, digitize the Initial Point corresponding to the time entered in the menu. You may use the minute mark rather than the trace itself for this point – the resulting DC shift will be removed. When this point is digitized the bell sounds to let you know you are in the correct sequence. You are then ready to digitize the waveform.

The first point for the digitized waveform need not be directly after the Initial Point (for example, for the waveform shown in Figure 9, you might want to start digitizing about 30 seconds after the minute mark). Once you start digitizing, be sure to sample the waveform completely. The waveform is sampled unevenly while digitizing but later a weighted-average-slope interpolator is used to produce an evenly sampled curve needed for MT5 (see Wiggins, 1976, for a description of the interpolator's behavior). Digitize peaks, troughs, and points where the slope changes. 

While digitizing, the time of the current point and its amplitude in microns will appear on the screen. You may also encounter one of three warning messages, each of which is accompanied by a bell.

(1) ‘Time is going backward’: see above.

(2) ‘Maximum number of data points reached’: the arrays are set to 2000 points. The program will go to the next Menu. 

(3) ‘Exceeded previous record length’: this message appears if you are digitizing a LPE seismogram and you have digitized beyond the maximum time of the previously digitized LPN seismogram. Because rotation requires both horizontal components, any data not digitized for both components will be discarded. For this message to work, you should digitize LPN just before LPE for the same station. Note, however, that if only one of the horizontal components is digitized, the MT5INT program will assign all zeros to the component not digitized. 

When you finish digitizing, a menu appears that allows Storing, Plotting, Adding to, Rotating, and Editing the digitized data (for the file input mode, some options are not available). You can see the seismogram as it will appear interpolated by choosing a non-zero value for DT and plotting. For DT=0, plotted points will be connected by lines. You can remove a slant from the seismogram by rotating it with the R option. This option can help correct the seismogram if its trace was not parallel to the reference trace used in digitizing (points 1 and 2 above), but you have to do this correction by eye.

The Edit mode allows you to move the cursor on the screen to a particular point on the seismogram and either remove it or redigitize it. Use the arrow keys or the capitalized letters on the bottom lines to select options. To redigitize a point press key ‘d’ and then digitize the new position of the point on the tablet. 

If you choose to Add points and start redigitizing at a time before the final point that you had already digitized, the ‘Time is going backward’ warning will appear. The program compares the newly digitized point to the last point kept so this warning will continue for each point until you either keep one or exceed the time of the last point kept. The data points are sorted chronologically each time you finish digitizing. 

A.3.4 Digitizer Data File

As you digitize, the station information, the digitized data points (in digitizer units), and the data point number are written to the file DIGIT.TMP. This file can be used as input to MT5DIG to allow some corrections to the data without having to redigitize. It is important to note that any file of the same format (see Appendix B.2) can be used instead of the digitizer for input to MT5DIG. This allows you to digitize the seismogram on any system, create a data file in the DIGIT.TMP format, and then run it through MT5DIG to reduce the raw digitizer data to waveform data and create the .DIG file. 

A.3.5 Changing Board Configuration

The interaction of MT5DIG with the digitizing tablet is controlled by a parameters file DIG.SET located in the root directory. If the file is not found, MT5DIG defaults to the control parameters for the Summagraphics-I MM1812 board. You can change and save the control parameters to \DIG.SET in MT5DIG by selecting Option C. If you have a more recent Summagraphics board, you can try the settings for the Summagraphics Summasketch-IIIP MM1812 board by copying file SUMMA3P.SET to \DIG.SET. If you have one of the Numonics 2210-2220 digitizing boards, you can copy NUMONICS.SET supplied with MT5DIG to \DIG.SET as a starting point for the Numonics configuration. 

You will need technical specifications for your digitizing board to successfully configure MT5DIG to communicate with it (see owner's manual for the board). Note that most boards have both software commands and switch settings that can change the protocol, and that the serial cable must be of the proper type (either standard or null modem, depending on the board) and be wired correctly if hardware handshaking protocol is required. The most reliable communication is established with a board by resetting parameters to the initial state (determined by switch settings) by either cycling power off and on and/or sending a reset signal, and then sending an initialization command string to establish the desired communications protocol. 

MT5DIG is designed to send a reset command, an initialization command, a board self-test command and check for a successful response from the self-test prior to establishing full communication with the board. You can embed unusual characters (e.g., carriage returns, non-typeable characters, etc.) in the command strings sent to the board by following the directions in the screen display. The commands and the test are optional, but we recommend that you use all of them that are supported by your board. Digitizing board communication problems are especially hard to troubleshoot. 

Configuration settings are: 

N
--
Name of the board

C
--
COM port settings: COM port number; baud rate; parity; plus several options relating to data flow protocol (see on-screen prompt).

B
--
Button number to end input: hopefully the number written on the button, but actually the number transmitted by the digitizing board when the button is pushed.

F
--
Format of output: delimited ASCII or fixed field position; number of variables in output string; positions of values in output string for x position, y position, and button number, respectively. 

R
--
Reset command: sent to board to reset it to default communication parameters.

I
--
Initialize command: sent to board to establish desired communication parameters that differ from its default.

T
--
Self-test command: sent to board to initiate a self-test.

A
--
Answer from self-test: the response that the board should send back if the test was successful. If the actual response does not match this setting you will be notified of the error and given the chance to proceed anyway or abort. 

M
--
Message to display: A message of up to 255 characters that will be displayed when digitizing starts. It can be used (for example) to instruct the user to push the reset switch, or put the digitizing cursor on the board prior to the board initialization sequence. The entry routine for this message does not include word wrap or editing of the previous message. Since hitting the Enter key terminates your input of the message, you can put carriage returns (for new lines) in it by using \. ("backslash" and "period") in place of the carriage return. The previous message in its entirety can be include by using "" (two "double quotes"). 

S/Q
--
Save or Quit: save the configuration in \DIG.SET or quit the menu without saving. If you choose to save and there is already an existing \DIG.SET you will be given the option of backing up the existing one to \DIG.SBK. Once \DIG.SET exists, it is used automatically when you start MT5DIG. 

If you have more than one board, you should save each board's \DIG.SET configuration file by copying it to a unique file name when you get back to DOS. The NUMONICS.SET configuration file for the Numonics 2210-2220 boards and SUMMA3P.SET for the Summagraphics-IIIP MM1812 board (see option C of the Data Source Menu) were created in this manner. Copy a board's unique configuration file to \DIG.SET when you want to use the board. 

A.4. MT5INT: Waveform Preparation 

The purpose of MT5INT program is to prepare the digitized WWSSN and the GDSN data for MT5 and create the .INV file. It can also be used to plot .DIG, .DSN, or .INV files on the screen as explained below. MT5INT interpolates the WWSSN data, gets the delta and azimuth for all stations, allows filtering of the data, rotates the North and East horizontal components to obtain the transverse SH, and marks the predicted arrival times of the P and S phase based on Jeffreys-Bullen travel time tables (or optionally the IASPEI-91 travel time tables) and the hypocenter. 

A.4.1 MT5INT Startup Menu 

MT5INT can either process digitized data (.DIG and .DSN files) to produce an .INV file (option 1), or plot seismograms from either an .INV file (option 2) or .DIG and .DSN files (option 3) on the screen. 

If either option 2 or 3 is selected, the interpolated seismograms are plotted in succession on the screen, with the station name and phase on the left and the delta/azimuth beneath. Amplitudes are all normalized to the maximum of the individual seismogram.  Dots are 5 seconds apart and a vertical bar shows the predicted arrival time of the phase. When the screen is full, press the Enter key to get the next set of seismograms or press the Esc key at any time to return to the startup menu. 

Use option 4 to select either Jeffreys-Bullen travel times table (the default because it is used to determine ISC earthquake locations) or the IASPEI-91 travel times table.

A.4.2 MT5INT Parameter Setup Menu 

When you select Option 1 a second menu will appear. As in all menus in these programs, select the first letter on the line to change the item. 

INPUT FILE: The input file will be your .DIG or .DSN file or both. Enter the default prefix name and .DIG and .DSN extensions will be assumed for the input. At this point a default .INV output file name will be assigned if you have not already provided a name. When the input file name is entered, the program reads the file and writes it to a random-access file DATA.TMP. MT5INT can handle up to 150 seismograms. If there is no Hypocentral Header line in either the .DIG or .DSN file, you will be asked to provide this information. 

OUTPUT FILE: The output file is an .INV file that will be the input file for the MT5 program. This file contains both the WWSSN and GDSN data. Here it can be opened either as a NEW file, in which case the contents of an existing file of the same name will be lost, or in APPEND mode where the new seismograms are added to the existing file. You may wish to use the APPEND option if you have to restart the program after interpolating several seismograms or wish to reinterpolate one seismogram, after which you can edit the .INV file to rearrange the data. 

PARAMETER/DATA TYPE: For each PDT, these parameters control the length of the seismogram written to the .INV file, the amount of data saved before the onset of the phase (Lead time), the sampling interval (DT), and the filter period. 

The segment of the seismogram written to the .INV file should be long enough to include the reflected phases and allow for some realignment of the seismogram. The length of data to be kept prior to the picked onset of the direct phase should be long enough to allow for re-alignment. The amplitude of the waveform is sampled every DT seconds and these amplitudes are the data for the inversion. DT should be large enough so that there are not too many data points (more points increase the computer time needed for the inversion) but small enough to avoid aliasing the waveforms; typically we use 0.5s for LP and 0.1s for SP data. The DT's entered for the GDSN data have no function as the digital data come with their own DT specified. The Filter cutoff period is the period in seconds corresponding to the cutoff frequency for a 3-pole Butterworth high-pass filter. The seismograms are automatically detrended and the filter can be used at your discretion to remove additional long-period noise. When the data are filtered the filter period is saved in the .INV file and the corresponding synthetic seismograms are filtered in the same way in MT5. 

Press the b key to proceed. 

A.4.3 MT5INT Seismogram Menu 

This part of the program allows station-by-station data preparation. You have the options of analyzing the seismograms in order or of designating a particular station and phase. 

Option L shows a list of the seismograms in order; the status flag ‘w’ means it has been written to the .INV file, ‘s’ indicates it has been skipped, and ‘ ’ (blank) means it has not yet been looked at. 

Option M returns you to the Parameter Setup menu.  

To designate a particular station and phase, enter them with 4 letters for the station name (left justified) followed by the phase number and data type. For example, mat 11 gets the MAT WWSSN LP P-wave, SHK 21 for SHK WWSSN LP SH, or chto22 for CHTO GDSN LP SH. Case does not matter for the station name. 

N, R, and F OPTIONS: To analyse the seismograms sequentially in the order shown in the list (L option), use the N option. N will analyse the seismogram indicated by the value of the counter (the seismograms are numbered in the list), and repeatedly using N will take you through the remaining seismograms. As each seismogram is analyzed, the counter value increases. 

The R option allows you to reset the counter and indicate the next seismogram to be analyzed with the N option. Note, however, that with the N option any seismogram that has a ‘w’ or ‘s’ status will be skipped over, so be careful about resetting the counter to a lower value. These status flags can be cleared with the F option. In most cases, you will use only the N option to step through all the seismograms in order. You may occasionally set the counter ahead to start in the middle of the seismograms if, for examples, you are restarting the program or wish to re-interpolate only the SH phases. 

After a station, phase, and data type are designated by either method, the program looks for the station in the station list (file M5STATIO.DAT) and the phase and data type in the data list. If either are not found you will be informed. If the station is not found you can add it to the file M5STATIO.DAT, keeping it in alphabetical order and in the proper format (see Appendix B.8). If the station is found the delta, azimuth, back-azimuth, and the theoretical travel-time (from J-B or optionally, IASPEI-91 travel time tables) with ellipticity corrections are calculated. If the phase is a P, the seismogram is then plotted for the windowing process. 

If the phase is S, the horizontal components are plotted and rotated to isolate the transverse component (SH). The LPN and LPE time series are truncated to include only their common segments. If their magnifications are different their amplitudes are corrected accordingly and the larger magnification is used. (If the two components have different instrument responses, you're out of luck.) The LPN, LPE, and rotated SH will next be plotted on the screen. If the station is naturally rotated, you may have only one of the horizontal components, in which case the program will ignore the other component. Press Enter to window the rotated SH waveform. 

WINDOWING: At this step you decide what segment of the seismogram to write to the .INV file and where the phase starts. Each item has a default that normally suffices and only on occasion must you do anything other than save the seismogram here. The default start of phase is the theoretical arrival time and the window segment is designated in the Parameter Menu. At the top of the screen is the station name and phase, delta (Del), azimuth (Az), back-azimuth (Baz), the maximum amplitude in microns (Amax), and the time of the start of the seismogram in HR:MIN:SEC. The seismogram is plotted and dots mark 5s intervals. Normally 4 vertical bars and a small circle will appear on the seismogram; the 2 smaller bars extending up from the waveform enclose the segment of the seismogram to be saved (the window), the larger bar and circle mark the onset of the phase (the theoretical arrival time), and extending down at the far left is the cursor bar. If no bars show up then either the timing is incorrect or the digitized seismogram is shorter than the window. The positions of these markers can be changed by moving the cursor to a point on the seismogram and moving the marker to it. At the bottom of the screen are your options: 

F1 or F -- -- FILTER: this invokes the detrend or Butterworth filter. When the data are filtered, the filtered seismogram is plotted over the present one with dots (press the Enter key to replot filtered seismogram). 

F2 or N -- -- NEW: return to the Seismogram Menu to get a new seismogram without saving the current seismogram in .INV file. Assigns an ‘s’ status to the seismogram. 

F3 or S -- -- SAVE: write seismogram to .INV file. Assigns a ‘w’ status to the seismogram and returns to the Seismogram Menu. 

F4 or C -- -- CUT: cut the seismogram window at the cursor position. 

F5 or P -- -- PHASE: pick the cursor position as the phase arrival time. 

F6 or D -- -- DC: add a DC shift to the entire seismogram amplitude (amount entered in microns). To shift a particular point to the baseline, move the cursor to the point and read the amplitude from the screen, then apply a DC shift of negative this amount. 

up or down arrow -- -- STEP: Vary the step: increase or decrease number of points for each cursor move. This number will vary from 1 to 10 in unit steps, then to 20, 30 and 60.  

4 or L -- -- LEFT: move cursor left by number of points equal to Step 

6 or R -- -- RIGHT: move cursor right by number of points equal to Step 

B or Home -- -- BEGIN: the next Cut marks the beginning of the seismogram window. 

E or End -- -- END: the next Cut marks the end of the seismogram window. For example, to cut the right side of the seismogram, press the E key, move the cursor left to the desired position, then use the Cut (F4) option. 

When the seismogram first appears the cursor is at the beginning of the seismogram. When the cursor is moved the time and amplitude at its position are shown. This allows picking the phase arrival time by some other criteria, such as aligning it with the short-period arrival time. If you move the arrival time of the phase with F5, the bar will move but the circle stays at the theoretical arrival time. The point written to the file as the phase arrival time is shown by the bar, not the circle. Also note that the Phase arrival point must be contained within the window. Any Cut that would place the Phase outside the window will be ignored and a warning given. To clear the extraneous marks that may appear, use F6 with a 0 shift. 

If using the N option, you will be informed when you have reached the end of the list of seismograms. At this point you should press the q key to return to the startup menu where you can see the seismograms plotted on the screen with Option 2. 

Example of using MT5INT: 

Step 1: Start MT5INT and press any key after the Welcome screen. 

Step 2: At the STARTUP MENU type 1 to process new data. 

Step 3: At the PARAMETER SETUP MENU, type i. 

Type y key for the question ‘Do you have a WWSSN file?’ 

Type A831125 for the file name prefix. 

Type y for the question ‘Do you have a GDSN file?’ 

Press the Enter key for the file name prefix for the GDSN file (defaults to A831125). 

The data files A831125.DIG and A831125.DSN will now be read in and stored. The output file name will default to A831125.INV. You should change this for now; otherwise the current file of this name will be destroyed. 

Step 4: Press the b key to begin. The SEISMOGRAM MENU screen will appear. 

Step 5: Type l and press the Enter key to see the list of seismograms; Press the Enter key to see the next page. Press the Enter key again. 

Step 6: Type n and press the Enter key. The message “Processing station hnr...” will appear momentarily and the seismogram will be drawn on the screen. Notice that the small circle (the theoretical arrival time) falls near the beginning of the P arrival. The large vertical bar above the circle is the current pick for the arrival time (defaulting to theoretical). The two smaller vertical bars enclose the segment to be written to the .INV file. 

Step 7: Adjust the starting point of the window. Press the right arrow key and a vertical bar (the cursor bar) below the seismogram will move to the right. Move it 5 sec to the right (the second line at the top gives the time of the cursor bar in UCT) and press the F4 key. The left window bar will move to the position of the cursor. This is the new starting point for data to be saved. 

Step 8: Adjust the ending point of the window. Press the End key and the left arrow key and a second cursor bar below the seismogram will move to the left. Press the up arrow key to increase the step increment to 10. Using the left arrow key to move the cursor so that it is inside the previous window and press the F4 key. The right window bar will move to the position of the cursor. This is the new ending point for data to be saved. 

Step 9: Save the data. Press the F3 key to write the data to the file. This will bring you back to the SEISMOGRAM MENU. Normally you would type n again to call up the next seismogram and step through all of them in this way. 

Step 10: Type hnr 21 and press the Enter key. The message ‘Processing …’ will appear. At the top is the LPN, the middle is the LPE and the bottom is the horizontal, transverse component, the SH. Press any key and the seismogram editing screen will appear as before. 

Step 11: To quit MT5INT, press the m key and the Enter key at the SEISMOGRAM MENU, press the Esc key at the SETUP MENU, and press the q key at the STARTUP MENU. 

A.5 MT5PREV

MT5PREV uses the .INV output file of the MT5INT program as its input. This utility creates hardcopy plots of the waveforms in a format similar to that presented on the screen in MT5INT (see Appendix section A.4.1). The waveforms are plotted in one or two columns on a page and sorted in each column by azimuth. The short and long period P waves are presented first, and then the S waves. P and S arrival times (respectively) are aligned vertically in each column so that polarity and nodal arrivals can be more easily detected as well as errors in alignment. If you have data from short and long period instruments for the same station, the waveforms will be next to each other (vertically) to assist in identifying the arrival times on the longer period record. 

I
-- --
Input file name: .INV is default extension.

O
-- --
Output file name prefix: Output files will be named with the first 7 characters of the prefix entered plus A.PLT for the first page output, B.PLT for the second (and so on), one plot file per page of output. 

N
-- --
Number of plots per page: enter 1 for 10 or 2 for 20 plots per page.

T
-- --
Time scale for plotted waveforms: enter in mm/min (default 50). 

F
-- --
Plot language - enter one of the following: 
0 for PLOTCALL (Golden Software, Version 2 and up) ,
1 for PLOTCALL (Golden Software, pre-Version 2), 
2 for Postscript, 
3 for HPGL, Laserjet 3, 
4 for HPGL, HP Plotter 8.5”x11”, 
5 for HPGL, HP Plotter 11”x17”.

X
-- --
SHELL TO DOS: Enter exit at DOS prompt to return to MT5PREV. 

Q
-- --
QUIT MT5PREV.

P
-- --
Create plot: MT5PREV will create a plot file using the settings selected above, and display the plot to the screen as it is being created.
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