Software overview (alphabetic) 
September 2013   E. Wielandt

How to use the software

This is a collection of special stand-alone programs for seismometry, that is, for the development, testing, and calibration of seismic sensors.  It is not intended for the routine analysis of earthquake signals. 

To run the executables under MS WINDOWS, you need the runtime libraries f90io.dll, libf90.dll, sysf90.dll, and GfaWin16.Ocx. These are in the LIBRARIES folder. Copy this folder into your working directory and set a path to it, or copy the library routines into your working directory. It is convenient to include the SEIFE and WINPLOT executables there. Run the executables from a command-line window (COMMAND or CMD) to obtain non-volatile output and error messages. I do not offer UNIX or LINUX executables because I assume that everyone who uses these operating systems can compile FORTRAN and run BASIC programs.

The FORTRAN programs were compiled with the NAS FortranPlus Version 2 compiler which is unfortunately no longer available. The G95 compiler, of which a free WINDOWS version MinGW-G95 exists, appears to accept my old-fashioned code. Minor editing may be required. I have however not tested G95 with all my programs. If you try to compile them with MinGW G95 and have a problem, contact me. If you can solve the problem yourself, inform me how you did it. My e-mail address is  e.wielandt@t-online.de .

BASIC programs are written in GB32 (GFA Basic 32) which is no longer available (and never was for LINUX)  but is supposed to be compatible with Microsoft’s Visual Basic. It should not be too difficult to adapt my source code to other dialects of BASIC since I have used BASIC only for simple programs that produce graphical output.

Detailed descriptions are available for the programs marked with an asterisc (like *CALEX). You find them in the program folders and in the ‘textfiles’ folder. Most programs give you some hints on how to use them when you just run them. Some are interactive, some accept runstring parameters, some read a parameter file, some combine these options. Test data and/or parameter files are supplied with most programs where appropriate. You may also find a batch file calling the executable with appropriate runstring parameters, and/or a protocol file (with the extension .out) from a test run so you can check if you get the same result. Print or rename the protocol file before you run the program. 

Data must normally be in a special ASCII format called SEIFE format. Data files in other ASCII formats must first be edited but in most cases editing is limited to the header lines. The general data-processing program SEIFE can directly read and convert several other ASCII formats such as free-format ASCII data and the ASL (Peterson) format. Miniseed can be converted to ASL with Quanterra’s CIMARRON and then read with SEIFE. ASL format is also understood by some of my other programs. Just try and if doesn’t work, convert the data first with SEIFE. A description of the SEIFE format is found in formats.doc.

My Fortran programs don’t plot signals but many of them set up a plot-parameter file that permits immediate plotting of input and output signals with WINPLOT, COLORPLOT, or ZOOMPLOT.

You may download one zipped program folder at a time from zipped-folders, or all software at once from AllSoftware.zip (about 6 MB). Zipped files may be useful if your firewall blocks executables. They may, however, not contain the latest program versions and additions. The present zip files are from March 2012.

In case you have this list in printed form and don’t remember where to get the software: the website is http://www.software-for-seismometry.de/ .
The website http://nmsop.gfz-potsdam.de at the GeoForschungsZentrum Potsdam from where you can download the New Manual of Seismological Observatory Practice has those of my programs that are mentioned in the manual.

If you have a problem with one of my programs, please try first the current, uncompressed version from

 http://www.software-for-seismometry.de/ 

 If that doesn’t help, ask me: e.wielandt@t-online.de 

Recent software revisions:

March 2011: TRICAL added to CALEX folder

August 2011: Improved pulse discrimination in DISPCAL and TILTCAL

March 2012: Multi-Radix Fast Fourier Transform SEIFFT added. The defective 

         algorithm for Gaussian noise in TESTSIG was replaced by one that works.

July 2012: CALEX can now handle zeros of the transfer function at complex 

       frequencies, so arbitrary rational transfer functions can now be determined.

August 2012: ZOOMPLOT added (WINPLOT with a zoom option)

February 2013: minor updates of CALEX, SEIFE and some educational figures.

May 2013: Option “sav” lets SEIFE save intermediate results of a processing 

                   Chain, so you later can visualize the processing steps with WINPLOT.

LIBRARIES

 <LIBRARIES folder>
A

AZIMUT. Component rotation in the horizontal plane, from N and E into R and T (radial and transverse). AZIMUT12 produces 12 rotated seismograms, one every 15 degrees from 0 to 165 degrees, for plotting and visual inspection. The azimuth is counted positive from E to N (mathematical convention). <lincomb folder> 

B

*BANDNOIS: a spectral analysis in a constant relative bandwidth, especially for measuring instrumental or seismic noise. The results are compared to the NLNM (the USGS New Low Noise Model). This routine reads files in SEIFE and ASL format. A simple geophone-type (or broadband) response of the seismic sensor can be removed from the data. See also sleeman.doc. <spectral folder>
BAROCROSP. Measures the frequency-dependent amplitude (regression coefficient) of signal 1 in signal 2, and relates the uncorrelated part of signal 2 to the NLNM. In a typical application, signal 1 is a record of barometric pressure or magnetic field intensity and signal 2 is a seismic signal converted to ground acceleration. Used to study the sensitivity of seismometers to barometric pressure or magnetic fields. The long-period response of a record of seismic acceleration to barometric pressure is expected to depend on frequency while that to the magnetic field is not (Geophys. J. Int. 2007 vol. 168, pp. 647-658). The test data are synthetic because very large data sets are required for natural data. <linregress folder>   

C
*CALEX. Evaluates the electrical calibration of seismographs or filters from their response to arbitrary input signals (which must have been recorded). Identifies corner frequencies and damping coefficients where appropriate. Reads data in SEIFE and ASL format. The program also determines the poles and zeros of the transfer function.   <calex folder>   

COLORPLOT. See *WINPLOT below. Plots several traces in colour into the same    

frame. Useful to compare seismograms or spectra.

<winplot folder>
D

DBLTESTSIG see TESTSIG

DEMUX demultiplexes multi-column ASCII data into SEIFE format. 

<input folder>
*DISPCAL. Evaluates vertical absolute seismometer calibration on a step table or equivalent device. Reads data files in SEIFE and ASL formats. 

<dispcal folder>   

DISPCALX3. This version determines the crosstalk between the three components of a sensor that is installed on a step table. Assuming, of course, that the crosstalk occurs in the sensor and not in the table. (It was written for a 3-component step table; a lathe or milling machine would also do.) DISPCALX3 runs the ordinary version of DISPCAL three times: First as in a normal step calibration with a single data file; then the program analyses two other files (components) for a spurious signal that has the same steps. The result is expressed as a spurious generator constant. Run the program with the test data to understand what it does. 

<dispcal folder>
E F

EMS produces a plot of the frequency-dependent electronic self-noise of an electromagnetic seismograph with a preamplifier as in figure 5.17 of NMSOP chapter 5. Figure 5.18 there is such a plot. Some standard low-noise op-amps and transistors can be selected; parameters of the mechanical sensor are read from a self-explaining textfile ems.par. <ems folder>
*FILTDEMO  An interactive demonstration of the “paths of signal processing” through the time and frequency domains. The effect of filtering is simultaneously displayed on the screen in both domains. Filter responses may be entered with the mouse or (for recursive filters) in a command line. A number of commented test signals is offered. <filtdemo folder>
FOURIERDEMO demonstrates the Fourier synthesis of a square-wave, a sweep, or an arbitrary signal entered manually with the mouse. The number of samples can be chosen between 32 and 1024. A nice demonstration of non-uniform convergence and the Gibbs (overshoot) phenomenon. <fourierdemo folder>
GH

GAUSSTEST. Generates test signals having a common component of Gaussian noise plus a component of independent Gaussian noise. Used to test programs like UNICROSP or TRICROSP. <testsig folder>
I
*INVERS. A general program for data inversion (or system modelling). The solution of the forward problem must be programmed in FORTRAN by the user and included in the source code as a subroutine ‘curve’. The program is therefore very flexible and can handle both linear and nonlinear problems, from simple curve-fitting to modelling an unknown filter for which a pair of input and output signals is known. A ‘curve’ subroutine for a simple forward problem (resonance curves) is included, so the program can immediately be run with test data, and the user needs only to modify the subroutine according to his needs.  <inversion folder>
*INVERSEIF. This is a special version of INVERS into which some recursive (IIR) filtering routines from SEIFE have been incorporated. INVERSEIF builds an inversion loop around these so that the numerical parameters required by SEIFE can be iteratively determined when an input and an output signal are given (assuming that the filter can be represented by SEIFE routines). An interesting application is the comparison of seismograms from different instruments. Since the relationship between them can be described by a deconvolution filter, and such filters are available in SEIFE, INVERSEIF can determine the parameters of a deconvolution filter that converts one seismogram into the other. Thus, it can determine the instrumental constants of one of the seismographs when those of the other are known. Under favourable conditions, it can even determine the constants of both seismographs. The input signal (the ground motion) needs not be known. In cases where the input signal is known, such as in an electrical calibration, CALEX will give more accurate results.   <inverseif folder>
INPUT. This is a FORTRAN subroutine that recognizes and reads the SEIFE and ASL formats. It replaces my older input routines reading only SEIFE format. MINISEED format can be converted into ASL format with Quanterra’s free CIMARRON software, and then read with INPUT. <input folder>
K L

LEAFSPRING. The original programs from which the spring geometries of the STS1 and STS2 seismometers were obtained. If you want to experiment with leaf-spring suspensions, this is the right starting point. Simply run LEAFSPRING for explanations, and inspect the source code for more detail. LEAFFREE is the same program but reads the input parameters in free format. <leafspring folder>
LINREG2 represents a given signal as the best linear combination of two other signals.   <linregress folder>
*LINREG3 represents a given signal as the best linear combination of three other signals. Used to determine the orientation of a seismometer component relative to another (reference) seismometer. By running LINREG3 for each component of the new seismometer you obtain the complete three-dimensional transformation matrix. It should be orthogonal (represent a pure rotation) if both seismometers are internally orthogonal. See LINREG3X3.bat, linreg3x3.doc, orientation.doc.  

 <linregress folder>
LINREG6 is another version of LINREG, for a basis of six signals. Used for moment tensor inversion. You compute synthetic seismograms with REFSEIS for each single component of the moment tensor and then combine them so that they match the observed signal. This assumes, of course, that you have previously determined the origin time and the hypocenter. Unlike the two- and three- signal versions, LINREG6 reads file names from a parameter file, linreg.par. Run the program without a parameter file for details. <linregress folder>
*LOWNOISE generates synthetic seismic noise as specified by the NLNM. The output is a time series in SEIFE format representing NLNM noise as it would be recorded with the seismometer and digitizer specified in the parameter file ‘lownoise.par’. Run the program without such a file for more information.

<noisecon folder>
M N

MULTINPUT.F is a FORTRAN subroutine contained in SEIFE. It reads time series in a number of ASCII formats. For details see seife.doc. <input folder>
NOISEBAND calculates the rms noise in any given frequency band for the USGS New Low Noise Model. <noisecon folder>
*NOISECON. Converts all kind of noise measurements into standard units and compares them to the New Low Noise Model. Fortran, C, and BASIC source code is available.  The calculation is approximate (accurate only when the power density is constant). Use NOISEBAND to evaluate the NLNM accurately over a finite bandwidth.   <noisecon folder>
O P
PERDAMP. Produces a double-logarithmic plot of the amplitude response of a system characterized by corner periods and numerical damping constants.

<polzero folder>
*POLZERO. Produces a double-logarithmic plot of the amplitude response of a system and some supplementary information from the poles and zeros listed in the print version of SEED file headers. This is an interactive, educational program that helps to understand the SEED RESP files; see also WINRESP.  <polzero folder>
PRODUCT. Samplewise multiplication of two time series. <lincomb folder>
*PZFIT finds poles and zeros matching a given frequency response (amplitude, phase, or both) by curve-fitting. The program is not fully automatic. The user must determine the necessary number of poles and zeros and estimate corner frequencies and damping; these values serve as start values for the inversion, and must be entered into a parameter file ‘pzfit.par’. The program description explains how to estimate them. PZFIT can read the output file ‘response.lst’ from WINRESP and if file ‘pzfit.par’ was properly set up (of course with “estimated”, approximate start parameters), PZFIT will reconstruct the poles and zeros of the original RESP file. One can thus easily test the whole procedure with synthetic data.  <polzero folder>
PZPLOT: a graphical check of the fit obtained with PZFIT. Not good for anything else.

Q R
RANDTEL generates a random-telegraph signal that can be used, together with a filtering algorithm, to generate test signals for calibration procedures.

<testsig folder>
READTAURUS. This routine reads ASCII data from the Nanometrics Taurus recorder and converts them into SEIFE format. <input folder>
RECTAX transforms the U, V, W signals of the STS2 seismometer into X, Y, Z signals. Inverse to TRIAX. <lincomb folder>
REFSEIS computes synthetic seismograms with the reflectivity method. The solution includes all near-field terms. REFSEIS can generate exact seismograms for layered full or half spaces at any positive distance from the epicenter. The program has been validated against explicit solutions for a homogeneous full space. Three slightly different programs for converting the output into SEIFE format are also offered. The test case is a simulation of the unique unclipped record of a magnitude 4 quake 2 km below the station IBBN (German Regional Seismic Network). Have a look at the plot included with the IBBN data. REFSEIS was written by a student of mine, Joachim Ungerer. The code has been debugged and streamlined by several seismologists who used it for their work. It is easy to use. Detailed comments (mixed English and German) are found in the source code refseis.f. The parameter file refseis.par is almost self-explaining.  <refseis folder>
REMOVE. Removes signal 1 from signal 2 according to the frequency-dependent regression coefficient (e.g., removes a barometric or magnetic component from a seismogram). The seismic data should represent acceleration. The procedure is similar to the BAROCROSP analysis but produces a ‘cleaned’ version of the seismogram, rather than a table of spectral amplitudes.  <linregress folder>
S
*SEIFE. A versatile data-processing tool for detrending, time-domain (IIR) filtering, windowing and decimating data. Copy the source into the working directory and type ‘seife info’ for more information, or consult seife.doc. SEIFE can read a number of ASCII formats and convert these into the SEIFE format that is used by most of my other programs. SEIFE is not interactive; filenames and processing commands are read from a parameter file seife.par . Results can immediately be plotted with WINPLOT. See also the FORMATS.doc file. <seife folder>
*SEIFFT. Multi-Radix Fast Fourier Transformation based on the FFTPACK software package. Reads and writes data in SEIFE format. While for routine data processing the common power-of-two FFT (e.g. UNISPEC) is normally adequate, the multi-radix FFT works with almost any number of samples and is fastest when that number is round. Three separate output files contain complex Fourier coefficients, absolute amplitudes, and logarithmic amplitudes in decibels. The inverse transformation is not used but present in the source code. <spectral folder>
SG2CONVERT converts .sg2 ASCII data saved with SEISGRAM2K (by Anthony Lomax) into the .sfe (SEIFE) format. 
*SINCAL1, SINCAL2. These routines determine free period and damping of a geophone or standard-broadband sensor from its amplitude response to sinewaves of known frequency and identical amplitude. Useful for remote electrical calibration of a sensor when the data acquisition system has a built-in, remotely controlled sinewave generator. A parameter file in seife.par style must be prepared. SINCAL2 does not require the test frequencies to be precisely known and can therefore be used with analog sinewave generators. If the frequencies are precisely known, SINCAL1 may be faster and more precise. <sincal folder>
*SINFIT fits a sinewave to a given sinusoidal test signal and then fits a sinewave with the same frequency to another given signal. Used to measure the amplitude and phase response of a seismometer or filter to a sinusoidal test signal of approximately known frequency. 

<sincal folder>
*SLEEMAN.BAT is a batch file to perform a three-signal cross-spectral analysis according to Sleeman, Wettum, and Trampert, BSSA Feb. 2006; v. 96; no. 1; p. 258-271. Uses TRICROSP.  See also sleeman.doc.

SLEEMAN, SLEEMAN_IA. Tests (with synthetic time series) of the Sleeman et al. three-channel cross-spectral analysis. <sleeman folder>
STRUKTUR see HUYGENS

SUMME2. Linear combination of two time series (e.g. coordinate transformation in a horizontal plane) <lincomb folder>
SUMME3. Linear combination of three time series (e.g. coordinate transformation in three dimensions) <lincomb folder>
SURFER. Evolution of a packet of surface waves in water. A simple but instructive animation. A red point representing a surfer illustrates the difference between phase velocity and group velocity. This program is also a very simple example for the computation of synthetic seismograms in the frequency domain.

 <surfer folder>
T
*TESTSIG, TESTSIG2, TESTSIG3. Generation of test signals. Any number of sinewaves may be summed and white noise added with TESTSIG. TESTSIG2 generates a test signal simulating a step-table experiment. TESTSIG3 generates triangular test signals. DBLTESTSIG is a double-precision version of TESTSIG (yes, sometimes you need that, e.g. if you want to test the accuracy of an algorithm).  <testsig folder>
TIDES, TIDIFF. Calculate the gravity tides (East, North and vertical) of the solid earth. TIDIFF puts out the time derivative of tidal gravity for comparison with very-long-period seismic records. Low-pass filter the seismic data and decimate them to one sample per 900 seconds to make them compatible with the TIDIFF output. For removing tides from a seismic trace, use the TID command in SEIFE.

<tides folder>
*TILTCAL: evaluation software for horizontal absolute seismometer calibration on a tilt table. Similar to DISPCAL but assumes steps of acceleration, rather than displacement, as the seismic input. <tiltcal folder>
TRIAX: converts STS2  X, Y, Z components into U, V, W components. Used to check if noise in the output signals of an STS2 or similar homogeneous-triaxial sensor comes from a single sensor component. Inverse to RECTAX. 

<lincomb folder>
*TRICAL. A combination of TRIAX and CALEX, performing a simultaneous calibration of the XYZ output signals of a homogeneous-triaxial seismometer whose UVW calibration coils receive identical stimuli. Although such an input represents a vertical ground acceleration and a substantial output signal appears only at the Z output, small residual signals also appear at the X and Y outputs when the UVW sensors are not precisely equal. According to a method introduced by Peter Davis of UCSD they can be used to determine all transfer functions, both of the UVW sensors and the XYZ outputs, with the same accuracy as if the three components were separately calibrated. <calex folder>   

*TRICROSP. Three-signal cross-spectral analysis according to Sleeman, Wettum, and Trampert, BSSA Feb. 2006; v. 96; no. 1; p. 258-271. See sleeman.doc

*TWOCROSP. Two-signal, standard cross-spectral analysis. 

<sleeman folder>
U
UNISPEC: computes amplitude spectra (only one signal at a time) and prepares a ‘winplot.par’ file so that COLORPLOT displays them with a reasonable scaling.

<spectral folder>
V W
*WINPLOT: plots SEIFE format data. This program reads file names, scale factors and other information from a plot-parameter file ‘winplot.par’. Some programs generate a ‘winplot.par’ file so that their output can be immediately plotted by simply typing 'winplot'. Zooming is possible by editing the parameter file. See also ZOOMPLOT and COLORPLOT. <winplot folder>
*WINRESP reads and interprets the first (analog) section of RESP files (the text version of dataless SEED headers). The program checks the normalization factor for consistency with the poles and zeros and determines the correct value of the sensitivity parameter, which is in general different from the nominal or measured generator constant of a seismometer. WINRESP plots the amplitude and phase response of the sensor from 0.0001 Hz to 10000 Hz and writes the response at user-defined frequencies into a file ‘response.lst’. From a file in that format, poles and zeros can be reconstructed or found with PZFIT.  <polzero folder>
X Y Z

XANDEMO. This is a demo version of POLZERO into which the normally manual entries for the Chinese station XAN have already been programmed, so you need only to run it for a demonstration of POLZERO. <polzero folder>
XYPLOT plots two time series in an X-Y-plot. Filenames and parameters are read from the winplot.par file but only the first two file names are used. 

<winplot folder>
*ZOOMPLOT is a special version of WINPLOT that includes a zoom option. The zoom window is defined with the left and right mouse buttons. The middle button gives a choice between different options: replot, partial or total unzoom, evaluate rms or spectral amplitudes (depending on what the data are), and others. Useful for amplitude measurements requiring a precise time window, especially for two-tone distortion measurements. <winplot folder>
