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1. hybridMT toolbox

Version 2.0.0 (fociMT 4.4.1), October 2026.

The seismic moment tensor is becoming a standard for description of earthquake kinematic source processes
in the whole range of magnitudes. Seismic moment tensor inversion allows to estimate the fault plane
parameters and the balance between volumetric and non- volumetric strain in the seismic source (Knopoff and
Randall, 1970). The resolved seismic moment tensors are typically decomposed into volumetric and deviatoric
components using various decomposition schemes allowing to understand the detailed physical kinematic
processes occurring in the sources regardless of the type of seismicity as well as regardless of its size.

We provide the community with hybridMT package for performing the moment tensor inversion and refinement
software in MATLAB/command shell environment. The command line application focimt and its MATLAB
wrapper focimt.m allows to perform different types of seismic moment tensor inversions in time domain and
provide the output parameters as well as generate the graphical representation of the calculated seismic
moment tensors directly in MATLAB environment. The second routine hybridmt.m performs the refinement of
seismic moment tensors of events forming a cluster. The package was thoroughly tested with synthetic
datasets, acoustic emission data from laboratory experiments as well as induced seismicity data from a
geothermal sites. The same functionality is available from Python (see Python interface).

1.1 Authors
Grzegorz Kwiatek (g.kwiatek@gmug.eu)

Patricia Martinez-Garzon (patricia@gfz.de)

1.2 Package download and update
The newest version of the hybridMT package together with installation instructions, quick start guide,
documentation and examples are available at: http://www.induced.pl/hybridmt and http://www.induced.pl/focimt.

1.3 Licensing information
hybridMT package is licensed under GNU General Public License (GPL) and freely available to all users.

1.4 Referencing
When you find hybridMT package useful, please reference our work:

Kwiatek, G., P. Martínez-Garzón, and M. Bohnhoff (2016), HybridMT: A MATLAB/Shell Environment
Package for Seismic Moment Tensor Inversion and Refinement, Seismol. Res. Lett., 87(4), 964–976,
doi:10.1785/0220150251

Note the paper is freely available for download at http://dx.doi.org/10.1785/0220150251. The direct link to the
PDF file is http://srl.geoscienceworld.org/content/early/2016/05/05/0220150251.full-text.pdf. The PDF is also a
part of this software package.

mailto:g.kwiatek@gmug.eu
mailto:patricia@gfz.de
http://www.induced.pl/hybridmt
http://www.induced.pl/focimt
http://dx.doi.org/10.1785/0220150251
http://srl.geoscienceworld.org/content/early/2016/05/05/0220150251.full-text.pdf
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2. Quick start guide

2.1 Installation
The downloaded package should be firstly unpacked to a separate directory. In the following, it is
recommended to add the location of the directory with the content of hybridMT package to the MATLAB search
path. One can either do it through MATLAB interface (Home>Set Path in R2014b) or by calling the script
hybridmt_install.m located in the root folder of hybridMT package. The script will add the location of root
folder to MATLAB search path and also update the help search database with the documentation of hybridMT
package.

The package also contains a Python interface to the same focimt application and the same Hybrid Moment
Tensor refinement. Its installation is described in the Python interface section. The Python calls in this guide are
shown below the MATLAB calls. They assume that the package is installed and that the working directory is the
root folder of hybridMT (where focimt.exe and the folder examples are located).

2.2 Getting help/documentation
The package integrates with MATLAB help system and search database. Accessing hybridMT package help
system may vary with different versions of MATLAB. In newest releases, the documentation is accessible by
opening the MATLAB help system and clicking on Supplemental Software link located in the bottom part of the
help homescreen:
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resulting in opening the package help system:

Alternatively, the following command may be executed when current MATLAB folder is set to the directory
where the package was installed:

doc -classic;

Older versions of MATLAB may integrate the hybridMT help with MATLAB documentation.

The help is also provided in a form of HTML files accompanying each function. For example, typing down:

help focimt;

 FOCIMT Perform seismic full moment tensor inversion using fociMT software.
    Use FOCIMT to perform the seismic moment tensor inversion using fociMT
    software via MATLAB wrapper.
 
    part of hybridMT package
    <a href="matlab:open('html/doc_focimt.html')">Reference page for focimt</a>
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provides the User with a short description of the routine. The User can follow the hyperlink that provides the
extended documentation of the routine.

Finally, the hybridMT package provides a documentation in a form of PDF file located in the main directory.

2.3 Moment tensor inversion
The seismic moment tensor inversion may be performed by a direct call to command line application focimt or
by calling the focimt.m routine. The latter routine is in fact a MATLAB "wrapper" to focimt allowing to easily
specify the inversion parameters as well as to gather the moment tensor output.

The input moment tensor inversion data must be provided in a form of ASCII file following one of two available
input formats handled by the package functions described in the manual later on. Examples of ASCII input files
are located in /examples subdirectory of hybridMT package installation folder.

In the following, we use sample file example6a.txt located in /examples folder that is formatted according to 1D
velocity model ASCII format. One can open the input file with any ASCII text editor:

71761660 19    4299668     514987    -2300     2700
  AL4 Z P   -5.837934028e-009    4298878     514278      661
  MCL Z P   -1.597535590e-008    4300663     515328      961
  BUC Z P   -1.974913194e-010    4297161     514321      888
  BRP Z P   -1.531125000e-008    4300690     517602      905
  SQK Z P   -5.010868056e-009    4297196     516487      639
  CLV Z P   -4.782118056e-009    4298866     518196      989
  AL5 Z P    1.063269965e-008    4299029     511402      593
  RGP Z P   -3.901814236e-009    4303292     516370      799
  SB4 Z P   -1.578637153e-009    4295581     514832      327
  HBW Z P    9.751050347e-009    4301085     510786      985
  HVC Z P   -2.176428908e-009    4299334     519405      779
  AL1 Z P    7.571961806e-009    4298831     510115      704
  NEG Z P   -1.369678819e-009    4297989     519971      922
  STY Z P    2.129661458e-009    4296077     519041     1112
  AL6 Z P    1.136909722e-009    4294586     512040      749
  ACR Z P   -7.998354869e-010    4298682     520805      803
  DRK Z P    1.260164931e-009    4293306     517103      757
  HER Z P    1.906137153e-009    4299553     507480      668
  LCK Z P    2.227144097e-009    4296783     522420     1166

The first line of the input file is Event Line containing basic information about seismic event. In this particular
case the 71761660 reflects event ID number followed by number of phases (26) and location of earthquake in
local cartesian coordinate system (Northing = 4299447 meters, Easting = 515161 meters, Z = -2460 meters).
The last value corresponds to the rock density in hypocentral area (2900kg/m^3).

The event line is followed by limited (in this particular case 26) phase lines containing phase information. Each
phase lines contains information on station name ('AL4'), component and phase type ('Z' and 'P'), area below
the first pulse of the phase onset (=spectral level, = proportional to seismic moment) together with sign
information, and finally location of station in the local Cartesian coordinate system.

The ASCII input file may contain multiple blocks event line - phase_lines allowing performing the moment
tensor inversion for many earthquakes at once. More details on the format of the input files is presented in
section Input focimt ASCII file formats of the main manual.

This type of input file assumes the User provide the 1D velocity model to perform the 1D ray-tracing and
calculate auxiliary parameters necessary for the moment tensor inversion such as the takeoff angles, incidence
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angles and distance along the ray path (the latter is necessary to calculate the seismic moment). We therefore
prepare the velocity model first:

VELOCITYMODEL = [0.00 3.00 8.00 20.00 22.00; 4.10 5.47 5.75 6.02 7.90]';
stairs(VELOCITYMODEL(:,2),VELOCITYMODEL(:,1),'-','LineWidth',2);
ylabel('Layer top [km]'); xlabel('Velocity [km/s]');
set(gca,'YDir','reverse');

Python:

import numpy as np
import matplotlib.pyplot as plt
vmodel = np.array([[0.00, 4.10], [3.00, 5.47], [8.00, 5.75], [20.00, 6.02], [22.00, 7.90]])
plt.step(vmodel[:, 1], vmodel[:, 0], where='post', linewidth=2)
plt.ylabel('Layer top [km]'); plt.xlabel('Velocity [km/s]')
plt.gca().invert_yaxis()

Having the input file and the 1D velocity model, the moment tensor inversion (using defaut inversion options)
can be performed easily by executing the focimt routine:

Solution = focimt('examples/example6a.txt','VelocityModel',VELOCITYMODEL,'BeachBallFormat','PNG');

Python:

from hybridmt import focimt, get_solution
Solution = focimt('examples/example6a.txt', velocity_model=vmodel, beach_ball_format='PNG').solution

The velocity model for the moment tensor inversion with the ASCII file above was provided by auxiliary
parameter VelocityModel. The additional parameter BeachBallFormat allows to create a graphical
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representation of the seismic moment tensor inversion in a form of beach ball plot. By default, three moment
tensors are calculated:

Unconstrained (full) moment tensor solution,

Deviatoric moment tensor solution (no volumetric change in the source, i.e. ISO = 0, CLVD+DC), and

Double-couple moment tensor solution (no volumetric change in the source, no linear dipole, ISO = 0, CLVD
= 0, DC).

The detailed information on the inversion method used as well as the moment tensor decomposition scheme
used in the package is presented in section Theoretical background of the main manual.

Setting the second auxiliary parameter BeachBallFormat to 'PNG' results in generation of three PNG images
representing uncostrained, deviatoric and double-couple solutions. Other image formats such as PDF, SVG and
PS are available by modification of BeachBallFormat.

Double-couple solution (ISO = 0%, CLVD = 0%):

Deviatoric solution (ISO = 0%):
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Full solution:

By default, the generated beach ball contains center cross, best double-couple nodal lines, station locations on
the focal sphere, location of P and T axes and center cross. Each of these elements may be switch on or off by
modification of PlotCross, PlotDC, PlotStations and PlotAxes properties. Also, the projection type (equal
area/equal angle) as well as projection hemisphere (lower/upper) can be adjusted to User preferences by
modification of Projection and Hemisphere properties. Finally, the size of output image(s) can be modified by
BeachBallSize property.

2.4 Getting parametric output data
The moment tensor solution is returned as cell array:

Solution

Solution =
  1x1 cell array
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    {1x1 struct}

Python:

Solution                  # a list with one element per event

Each cell array element corresponds to resulting moment tensor from a single earthquake. For example, to
access the moment tensor solutions (full, deviatoric, and double-couple solutions) of the first earthquake we
can use the indexing operator. Using the moment tensor solution from example above, this can be done by
calling:

Solution{1}

ans = 
  struct with fields:

          event_id: '71761660'
          n_trials: 1
    calculation_dt: 7.4026e+05
              full: [1x1 struct]
        deviatoric: [1x1 struct]
                dc: [1x1 struct]

(the indexing starts at 0 in Python)

Python:

Solution[0]

Each element of the cell array is a structure array containing basic information on earthquake (event_id,
n_trials, and calculation_dt) and three structures containing output parameters of calculated unconstrained
full, deviatoric and double-couple constrained moment tensors (full, deviatoric and dc structures). For
example, to access the output parameters of the full moment tensor solution of the first earthquake one may
type:

Solution{1}.full

ans = 
  struct with fields:

          Type: {'N'}
    STATION_ID: 0
           ISO: 11.1852
          CLVD: 7.6433
            DC: 81.1715
            M0: 2.2530e+11
            MT: 2.3707e+11
      M0ERRMAX: 6.7724e+09
            MW: 1.5018
             P: [246.7800 61.3374]
             T: [116.9120 19.3107]
             B: [19.4526 20.3303]
            F1: [10.5168 67.2554 -112.1310]
            F2: [236.9660 31.3185 -48.0562]
         Fault: {'NF'}
           MXX: [1x6 double]
           CXX: [1x6 double]
      RMSERROR: 0.2502
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       Station: {1x19 cell}
     Component: {1x19 cell}
     UMEASURED: [1x19 double]
           UTH: [1x19 double]

Python:

Solution[0].full

The elements of moment tensor solution structure array are generally self-explanatory (more details on
meaning of all parameters is presented in section Output focimt cell array formats of the manual). For example,
the orientation of the two fault planes is stored in variables F1 and F2 as [strike dip rake] triplets. Similarly,
the orientation of P, T, B cardinal axes is formatted as [trend plunge]. The scalar and total seismic moment is
stored in M0 and MT variables. The detailed overview of all output parameters is presented in section Output
focimt cell array formats of the manual.

2.5 Quality assessment
Each moment tensor solution structure array contains two direct parameters corresponding to the quality of the
seismic moment tensor inversted:

RMS error between observed and predicted amplitudes. The value is stored in RMSERROR variable.

Maximum error of the seismic moment calculated as the square root of the maximum element of covariance
matrix. The value is stored in M0ERRMAX variable.

For example, the deviatoric solution of the moment tensor solution calculated previously has RMS error and
maximum error:

Solution{1}.deviatoric.RMSERROR

ans =
    0.3019

Python:

Solution[0].deviatoric.RMSERROR

and

Solution{1}.deviatoric.M0ERRMAX

ans =
   6.4676e+09

Python:

Solution[0].deviatoric.M0ERRMAX

The package allows to perform two other types of quality assessment of the seismic moment tensors:

Station Jacknife test
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Input data resampling

In Station Jacknife Test the seismic moment tensor inversion is firstly performed with all phases available. In
the second step, the inversion is repeated with one phase removed from the input data. The second stage is
repeated for every phase. The resulting moment tensor contains one solution with all phases used and n
auxiliary solutions (where n is the number of phases). This procedure allows to detect potential bias introduced
by a single phase (or station) to the moment tensor solution (for example bad gain or bad polarity of the
station).

The Station Jacknife Test may be toggled on by modyfication of the Jacknife property of focimt routine. In the
following example we perform the station Jacknife test using the same input file as before:

JacknifeSol = focimt('examples/example6a.txt','VelocityModel',VELOCITYMODEL, ...
  'BeachBallFormat','PNG','Jacknife','on','ProjectDir','jtest');

Python:

JacknifeSol = focimt('examples/example6a.txt', velocity_model=vmodel,
                     beach_ball_format='PNG', jacknife=True, project_dir='jtest').solution

This time we stored the results in the project folder specified by ProjectDir parameter and we additionally turned
on the Jacknife station test.

The generated graphical representation of the seismic moment tensors for full, deviatoric and double-couple
moment tensors look as follows:

Double-couple solution (ISO = 0%, CLVD = 0%):

Deviatoric solution (ISO = 0%):
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Full solution:

The tensor shading and black nodal lines corresponds to the moment tensor solution calculated with all phases
(stations). The blue lines correspond to nodal lines calculated with Jacknife method. The color of the Jacknife
lines depicts the sense of fault motion. Blue, green and red nodal lines correspond to the normal, strike-slip and
thrust faulting. In the example above the moment tensor solution is very stable and removing of random one
station in general does not affect the solution nearly at all.

The second type of uncertainty assessment is the Input Data Resampling of the original input data for the
seismic moment tensor inversion. In the Input Data Resampling procedure, the original input phase data is
used to generate N derived and biased input phase datasets. For each resampled input dataset, a separate
moment tensor inversion is performed and added to the original results of unbiased input dataset.

The input data resampling is handled by the Resample option. The option is followed by a vector with size
ranging from 1-by-2 elements to 1-by-5 elements describing how many resamplings of the original input dataset
is needed, what type of resampling to perform, and how the original input dataset should be biased. The
application allows for four types of input dataset resampling:
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Polarity resampling (randomly flips polarity of input phase data)

Amplitude resampling (randomly bias the amplitude in input data)

Station rejection resampling (randomly remove the phase from input data)

Takeoff angle resampling (randomly modify the takeoff angle of input data)

The input data resampling options may be combined. In other words, User may wish to bias the input takeoff
angles as well as the input polarities at the same time.

In the following example we generate and then pefrorm the seismic moment tensor inversion with additional
100-times resampled input dataset. The input datasets will be generated assuming the up to 1% of input
phases have wrongly picked polarity and the bias in takeoff angles is of order of approximately 3 degrees (i.e.
99% of data will be in a range of plus minus 3 degrees from the original input takeoff angle):

ResampleTest = focimt('examples/example6a.txt','VelocityModel',VELOCITYMODEL, ...
  'BeachBallFormat','PNG','Resample',[100 0.01 0 0 3],'ProjectDir','btest_n01');

Python:

ResampleTest = focimt('examples/example6a.txt', velocity_model=vmodel,
                      beach_ball_format='PNG', resample=[100, 0.01, 0, 0, 3],
                      project_dir='btest_n01').solution

This results in the following distribution of uncertainties of the fault plane estimation:

Double-couple solution (ISO = 0%, CLVD = 0%):

Deviatoric solution (ISO = 0%):
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Full solution:

Both Station Jacknife Test and Input data resampling generate a set of seismic moment tensor solutions. This
set is obviously returned in the output cell array. For example, while accessing the full moment tensor solution
from input data resampling method one can realize that the output parameters are now matrices with the
number of rows corresponding to the total number of input data resamplings plus one additional row
corresponding to the original solution with the original (not biased) input phase data:

ResampleTest{1}.full

ans = 
  struct with fields:

          Type: {101x1 cell}
    STATION_ID: [101x1 int32]
           ISO: [101x1 double]
          CLVD: [101x1 double]
            DC: [101x1 double]
            M0: [101x1 double]
            MT: [101x1 double]
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      M0ERRMAX: [101x1 double]
            MW: [101x1 double]
             P: [101x2 double]
             T: [101x2 double]
             B: [101x2 double]
            F1: [101x3 double]
            F2: [101x3 double]
         Fault: {101x1 cell}
           MXX: [101x6 double]
           CXX: [101x6 double]
      RMSERROR: [101x1 double]
       Station: {1x19 cell}
     Component: {1x19 cell}
     UMEASURED: [101x19 double]
           UTH: [101x19 double]

Python:

ResampleTest[0].full

The type of seismic moment tensor solution can be easily recovered by inspecting the Type element of the
output structure array:

[ResampleTest{1}.full.Type{:}]

ans =
    'NBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB'

Python:

ResampleTest[0].full.Type

In the example above 'N' corresponds to [N]ormal (original) solution from input dataset provided and 'B'
denotes resampled solutions (J corresponds to the Station Jacknife Test solution).

Having the results calculated using resampled input datasets one can investigate the uncertainties of various
parameters. For example, to plot the distribution of the deviatoric component calculated from the moment
tensor inversion results of resampled datasets:

hist(ResampleTest{1}.full.ISO);
xlabel('ISO component percentage');
ylabel('Frequency');
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Python:

plt.figure(); plt.hist(ResampleTest[0].full.ISO)
plt.xlabel('ISO component percentage'); plt.ylabel('Frequency')

The following example plots the uncertainties in the seismic moment magnitude calculated from the resampled
input datasets:

hist(ResampleTest{1}.full.MW);
xlabel('Moment magnitude');
ylabel('Frequency');
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Python:

plt.figure(); plt.hist(ResampleTest[0].full.MW)
plt.xlabel('Moment magnitude'); plt.ylabel('Frequency')

2.6 Aggregating results from multiple moment tensor solutions
So far we discussed the moment tensor inversion of a single earthquake. However, the hybridMT package
allows to process multiple events at once. As an example, let's perform the moment tensor inversion for 90
events using the sample data located in /examples directory and default processing parameters:

MultipleEventsSolution = focimt('./examples/example3.txt');

Python:

MultipleEventsSolution = focimt('./examples/example3.txt').solution

The resulting MultipleEventsSolution cell array contains 90 elements corresponding to 90 moment tensors
calculated, one for each earthquake. Now, to access the results of a particular moment tensor inversion we
have to use indexing operator. For example, to access the 5th solution, one should use the followind code:

MultipleEventsSolution{5}.full

ans = 
  struct with fields:

          Type: {'N'}
    STATION_ID: 0
           ISO: -31.2658
          CLVD: -47.9401
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            DC: 20.7941
            M0: 5.6378e+14
            MT: 7.3059e+14
      M0ERRMAX: 2.4520e+13
            MW: 3.7674
             P: [329.9410 58.7743]
             T: [154.3800 31.1495]
             B: [63.1899 1.9677]
            F1: [62.7056 76.1782 -92.0264]
            F2: [251.1300 13.9667 -81.8213]
         Fault: {'NF'}
           MXX: [1x6 double]
           CXX: [1x6 double]
      RMSERROR: 0.3381
       Station: {1x14 cell}
     Component: {1x14 cell}
     UMEASURED: [1x14 double]
           UTH: [1x14 double]

Python:

MultipleEventsSolution[4].full

that provide us with results of full moment tensor inversion for the 5th seismic event.

Consider a scenario when we want to extract values of isotropic component from full moment tensor for ALL
earthquakes, for example in order to plot the statistics of isotropic component of the analyzed dataset. In other
words, we would like to extract the value of ISO variable in full moment tensor solution structure array full for
each element of output cell array. This is quite complicated in general, however the hybridMT package
provides a convenient function getsolution.m to handle such case.

The following code will extract the amount of isotropic component of full moment tensors for all 90 events from
the output cell array:

ISO = getsolution(MultipleEventsSolution,'full','ISO');

Python:

ISO = get_solution(MultipleEventsSolution, 'full', 'ISO')

This will result in a vector composed of 90 elements where each element corresponds to the amount of
isotropic component from all 90 earthquakes for which the full seismic moment tensor was calculated. This can
be used for plotting the statistics of various parameters for the inverted dataset, e.g.:

hist(ISO)
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Python:

plt.figure(); plt.hist(ISO)

willl display the distribution of isotropic components in the analyzed dataset.

In principle, more parameters can be extracted from the output cell array at once. For example, to extract the
moment magnitude and orientation of P axes for the deviatoric moment tensor solutions of all analyzed
earthquakes, the following code may be executed:

[MW,P] = getsolution(MultipleEventsSolution,'deviatoric','MW','P');

Python:

MW, P = get_solution(MultipleEventsSolution, 'deviatoric', 'MW', 'P')

It is important to note that the order of input parameters ('MW','P' in the example above determines the order of
output parameters located on the left side of the formula. Also, the names of input parameters to extract must
correspond to the names of variables in the ouput structure array!

The function may be also used to extract general output data outside of 'full', 'deviatoric', and 'dc'
structures inside of each cell array element. For example, the general data contains the ID number of events:

MultipleEventsSolution{1}

ans = 
  struct with fields:
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          event_id: '004-03781'
          n_trials: 1
    calculation_dt: 7.4026e+05
              full: [1x1 struct]
        deviatoric: [1x1 struct]
                dc: [1x1 struct]

Python:

MultipleEventsSolution[0]

Finally, the routine works also for general output data. For example, to extract all ID numbers, the following
code may be used:

ids = getsolution(MultipleEventsSolution,'deviatoric','event_id');

Python:

ids = get_solution(MultipleEventsSolution, 'deviatoric', 'event_id')

In this case, the second parameter ('deviatoric') is of no use, but still it must be set up to either 'full',
'deviatoric', or 'dc'.

2.7 Next steps
The script examples/demo_focimt_hybridmt.m runs six small studies (basic inversion, Jacknife and resampling,
a catalog of events, and three applications of the Hybrid Moment Tensor refinement) on the sample files and
saves tables and figures; its Python counterpart examples/demo_focimt_hybridmt.py does the same. The
Python interface is described in Python interface.
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3. Package overview

hybridMT package is composed of two major parts: seismic moment tensor inversion application focimt
accompanied by focimt.m MATLAB wrapper and hybridmt.m routine performing the refinement of seismic
moment tensor using Hybrid Moment Tensor technique. These core functions are accompanied by various
auxilliary functions, documentation and sample files. The same functionality is available from Python through
the package hybridmt (see Python interface), which calls the same focimt application.

3.1 Moment tensor inversion (focimt + focimt.m)
The moment tensor inversion in hybridMT package may be performed by using the dedicated command line
tool focimt. Additionally, in MATLAB environment, the moment tensor inverion may be performed using
focimt.m routine.

focimt is a stand-alone command line application performing seismic moment tensor inversion in time domain
that is optimized for local-to-regional applications and seismic networks (The Cartesian coordinate system is
used). The core of the program is based on the formal description presented in Fitch et al., (1980) and its
fortran implementation (Wiejacz, 1992). The precompiled binaries are available for Windows platform in
hybridMT package. The source code of focimt is provided in hybridMT package for compilation under Linux
and OSX environments. The detailed description of algorithm used for seismic moment tensor inversion is
provided in a separate section.

focimt command line tool is accompanied by MATLAB wrapper function focimt.m to handle the input and
output parameters of focimt directly in the MATLAB environment. Numerous parameters can be specified to
maintain input data, define the seismic moment tensor inversion and optimization parameters as well as to
handle the properties of the graphical and text output by MATLAB properties.

Input data

The input data for the seismic moment tensor inversion, regardles of whether it is performed from a command
line using focimt application or whether the focimt.m function is used in MATLAB environment include
information on amplitudes of the first P-wave motions and rise times, i.e. the program assumes that the area
below the first P-wave ground displacement pulse is proportional to the seismic moment and this information is
the main input parameters for the moment tensor inversion. In addition the User provides earthquake-station
geometry data and rock medium parameters at the source. The input data is provided as ASCII file or MATLAB
cell array.

Two different ASCII input data formats are available. In the first one, the geometry and seismic data
(amplitudes, takeoff angles, angles of incidence, azimuths and distances between earthquake and sensors) is
directly provided in the ASCII input file. In the second input data format, earthquake hypocenter, station
locations as well as 1D velocity model are used to perform the 1D ray-tracing resulting in automatic calculation
of geometric parameters.

Inversion

Using focimt or equivalently focimt.m is very easy. Having the input file, the seismic moment tensor inversion
may be started directly from the console window (note this can also be performed directly in MATLAB command
prompt by starting the line with an exclamation mark):
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!focimt -i ./examples/example1.txt -t PNG -p SU -z 300 -o test

The seismic moment tensor inversion results in generation of output ASCII file test containing moment tensor
inversion results as well as graphical representation of the solution in a form of the beach ball plot (here
generated in PNG format). The equivalent call from MATLAB command prompt using focimt.m routine would
look as follows:

Solution = focimt('./examples/example1.txt','BeachBallFormat','PNG','Projection','schmidt','Hemisphere','uppe
r','BeachBallSize',300);

The equivalent call from Python:

Python:

from hybridmt import focimt
Solution = focimt('./examples/example1.txt', beach_ball_format='PNG', projection='schmidt',
                  hemisphere='upper', beach_ball_size=300).solution

resulting in output parameters being stored in the output cell array Solution than can be easily further
processed in MATLAB environment.

Output data

When in console mode, the output data of the seismic moment tensor inversion is exported to ASCII files
formatted according to User preferences. If focimt.m function is used, the results are returned by the routine in
a form of cell array. Apart from seismic moment tensor solution parametric data, the application is provides
highly customizable graphical representation of the seismic moment tensor solution in a form of the beach ball
plot. The output files are either raster (PNG) or vector format (EPS, PDF, SVG).

3.2 Moment tensor refinement (hybridmt.m)
Hybrid moment tensor technique was originally developed by Andersen (2001). This methodology overall aims
at detecting and suppressing the influence of local path/site/sensor-related effects on inversion of seismic
moment tensors resulting in overall quality improvement of the calculated tensors. The methodology is
especially effective in finding stations with inappropriate gain, abnormal site effects, or strong attenuation of
incoming waves providing means for suppressing these effects.

The technique has been implemented in a form of MATLAB routine hybridmt.m. The routine calculates and
refines the seismic moment tensors from a group of seismic events forming a cluster. The routine wraps data
preparation, refinement and data output. Similarly to focimt.m function, numerous parameters can be specified
to optimize data preparation, processing and output and adjust them to personal needs of the User. For the
details on the algorithm, see the methodology section. For the description of MATLAB implementation of hybrid
moment tensor technique, see the documentation of hybridmt.m routine.

Input data

The hybridmt.m routine takes essentially the same input data as focimt.m or focimt application, i.e. an ASCII
file containing event/phase data in one of the two input formats. However, it is now explicitly assumed all events
in the input file provided by the User form a cluster with events located close by in comparison to the distances
between the cluster center and sensors. This should be preserved in order to satisfy the invariance of Green’s
function at a particular station of all seismic events forming a cluster.
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Refinement and output

The input data is analyzed before the Hybrid Moment Tensor refinement, and the trial moment tensor inversion
is performed. The statistical information on input dataset is presented to the User with information and hints
regarding on how to (initially) optimize the input data. Program detects stations with insufficient number of
amplitude readings, possible existence of wrong polarities etc. The User may account for problems before the
actual refinement starts.

In the following, the Hybrid Moment Tensor refinement is performed. The process is an iterative procedure and
the User may observe the progress of refinement and trace the improvement in quality of seismic moment
tensors. The procedure finishes with a set of refined seismic moment tensors and User-defined graphical output
that allows to detect potential problems with stations/site effects/coupling or attenuation (per station). The
provided output may be used to repeat the seismic moment tensor refinement with corrected station
characteristics resulting in further improvement of calculated seismic moment tensors.
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4. Input focimt ASCII file formats

focimt application, focimt.m as well as hybridmt.m routines are capable to read two types of ASCII input files:

RAW input file contains all input data necessary to perform the seismic moment tensor inversion in time
domain.

1D velocity model input file uses 1D velocity model and station/event locations provided in Cartesian
coordinate system to perform the 1D ray-tracing and to calculate the auxiliary phase data for the seismic
moment tensor inversion (takeoff angle, incidence angle, azimuth as well as distance along the ray path for
each phase).

Both input file formats starts with a header line containing information about earthquake that is followed by
phase lines containing phase data. User may specify multiple header-phase blocks to process or refine multiple
events at once. The ASCII input file formats are described in details in the following sections. The input files can
be read by auxiliary functions readraw.m and readvel1d.m.

4.1 RAW ASCII input file
Raw input file is composed of a header line containing basic information about the seismic event. This line is
followed by a limited number of phase lines containing phase information necessary for the seismic moment
tensor inversion. The input text file may contain multiple blocks header-phases if the user wants to process
more than one earthquake at once. The latter type of file containing multiple seismic events is actually required
once User aims to refine seismic moment tensors by means of the hybrid moment tensor technique and use the
hybridmt.m routine. ASCII input file in RAW format can be read using auxillary readraw.m routine and converted
to moment tensor inversion input cell array used across the whole package, if necessary.

The RAW ASCII input file generally looks as follows:

fileid1 n
station_1 component_1 phase_1 omega_1 azm_1 aoi_1 tko_1 v_1 r_1 rho_1
station_2 component_2 phase_2 omega_2 azm_2 aoi_2 tko_2 v_2 r_2 rho_2
...
station_n component_n phase_n omega_n azm_n aoi_n tko_n v_n r_n rho_n
fileid2 n
station_1 component_1 phase_1 omega_1 azm_1 aoi_1 tko_1 v_1 r_1 rho_1
station_2 component_2 phase_2 omega_2 azm_2 aoi_2 tko_2 v_2 r_2 rho_2
...
station_n component_n phase_n omega_n azm_n aoi_n tko_n v_n r_n rho_n
...

The header line contains only two parameters:

fileid string Event id string. The parameter contains a *UNIQUE* alphanumeric string to identify the seismic event. As the
string may be used (depending on parameters passed to hybridmt or focimt programs) to create a directory
where event-specific results will be stored, it is necessary to use only characters that can be used to create
files/directories under specific file system.

n integer Number of following lines containing phase information data.

The header line is follower by n lines containing phase information data:
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station string Station name. As the station is used in graphical representation of seismic moment tensor solution, short
station names are recommended.

component string Station component name. Currently only vertical components are supported, and the column is basically
ignored by either |fociMT| or |hybridmt| routines. However, future version of |fociMT| and |hybridMT| will use
different phase.

phase string Phase identifier. Currently only P phases are supported, therefore only 'P' value is accepted by application.
The remaining values are ignored.

omega float Area below the first P-wave ground displacement pulse together with sign information. This value is
proportional to the spectral level in Fourier domain, and, overall, proportional to the seismic moment
observed at a certain station including additional sign information about amplitude polarity. The unit of
omega is [m * s] (meter times seconds). The detailed explanation of omega parameter is shown below.

azm float Azimuth of the vector pointing from earthquake to the station. The value is measured in degrees, positive
from north towards east.

aoi float Angle of incidence to the sensor measured in degrees from down direction (towards center of Earth). The
seismic ray pointing directly up, perpendicular towards the surface has 0 degrees incidence angle.

tko float Takeoff angle measured in degrees from down (towards center of Earth) direction. The seismic ray leaving
the source purely up (towards earth surface) has takeoff angle of 180 degrees. The ray leaving earthquake
source towards center of Earth has a takeoff angle of 0 degrees.

vel float Phase velocity in the source area in [m/s]. This value is used to calculate seismic moment from omega
parameter.

r float Distance along the ray from the source to the station [m]. This value is used to calculate seismic moment
from omega parameter.

rho float Rock density in the source area. This value is used to calculate seismic moment from omega parameter.

The key parameter in phase input data is omega. This parameter is the area of the first P-wave GROUND
DISPLACEMENT pulse (in time domain), or equivalently the spectral level taken from the amplitude spectrum
of ground displacement waveform of P-wave. The unit of omega is [m * s], i.e. meter times second. The
omega parameter contains additional information on the SIGN of first P-wave pulse (omega is positive for
ground motions away from the source and negative for motions towards the seismic source). The absolute
value of omega provided in ASCII input files is therefore somehow proportional to the seismic moment
observed at a particular station  (we neglect here many important effects related to station-receiver geometricy
and radiation - we just aim to emphasize general meaning of omega!):

As indicated above, omega must be calculated from GROUND DISPLACEMENT waveform calibrated to the
unit of meters [m]. This can be achieved by integrating the ground displacement pulse starting from P-wave
onset time to first zero crossing after the maximum amplitude (yellow shaded area in the figure below).
However, in case of simple impulsive source time functions it is typically not necessary to calculate the integral.
Instead, the amplitude of first P-wave pulse D in meters [m] (including sign information) may be taken easily
from ground displacement seismogram and multiplied by the rise time (i.e. the time interval between the P-
wave onset and P-wave amplitude, t_max-t_ons in seconds [s] in the figure below). In this case, the integral of
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the P-wave pulse is simply replaced by the area of the triangle (blue lines in the figure below). Please note
once again the unit of omega is [m * s], as we multiply the amplitude in [m] by the duration in [s].

The sign of "omega" is in accordance with the seismological convention, i.e. it is positive for the positive first P-
wave ground displacement amplitude (i.e. ground motion AWAY from the seismic source) and negative
otherwise (ground motion TOWARDS the seismic source).

Takeoff angle and angle of incidence follow the typical seismological conventions. The schematic figure
presenting both angles is shown below:
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The example of input file in RAW ASCII format:

testmech 20
  W1 Z P   8.1579314473706e-007    20.0  160.0   20.0  5000 3000.00  2900
  W2 Z P  -6.8673365691379e-007    80.0  160.0   20.0  5000 3000.00  2900
  W3 Z P  -8.7312547285917e-007   140.0  160.0   20.0  5000 3000.00  2900
  W4 Z P  -2.2167789675607e-007   200.0  160.0   20.0  5000 3000.00  2900
   5 Z P   1.1069303997884e-007   260.0  160.0   20.0  5000 3000.00  2900
   6 Z P    9.617722655266e-007   320.0  160.0   20.0  5000 3000.00  2900
   7 Z P    5.816403152331e-007    20.0   30.0  150.0  5000 3000.00  2900
   8 Z P   5.9484552418295e-007    80.0   30.0  150.0  5000 3000.00  2900
  A9 Z P  -7.0384473729451e-007   140.0   30.0  150.0  5000 3000.00  2900
 C10 Z P  -7.0656157910976e-007   200.0   30.0  150.0  5000 3000.00  2900
 C11 Z P   1.5849903479442e-006   260.0   30.0  150.0  5000 3000.00  2900
 C12 Z P   1.5745019808096e-006   320.0   30.0  150.0  5000 3000.00  2900
 C13 Z P   1.9286895552236e-007    20.0  130.0   50.0  5000 3000.00  2900
  14 Z P  -2.7763323964771e-006    80.0  130.0   50.0  5000 3000.00  2900
 D17 Z P  -1.9406208284731e-006   260.0  130.0   50.0  5000 3000.00  2900
 D18 Z P   -2.565372376189e-007   320.0  130.0   50.0  5000 3000.00  2900
  21 Z P   5.1376195957182e-007   140.0   80.0  100.0  5000 3000.00  2900
  22 Z P   1.6575456762096e-007   200.0   80.0  100.0  5000 3000.00  2900
  23 Z P   1.1523550907002e-006   260.0   80.0  100.0  5000 3000.00  2900
  24 Z P   6.9418020992634e-007   320.0   80.0  100.0  5000 3000.00  2900

The examples of reading RAW input files for the purpose of the seismic moment tensor inversion with focimt
application are shown in Using focimt command line application section.

4.2 1D velocity model ASCII input file
Similarly to the RAW input file format, 1D velocity model input file also starts with a header line describing basic
information on seismic event and it is followed by limited number of lines describing phase information. The
main difference between RAW input format and 1D velocity model format is that in the latter case the User do
not need to specify all geometrical parameters such as azimuth, takeoff angle, distances along the seismic ray
or the angles of incidence. Instead, these parameters are calculated using 1D velocity model provided. ASCII
file in 1D velocity model format can be read using auxillary routine readvel1d.m.
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The 1D velocity model ASCII input file syntax looks as follows:
fileid N e_northing e_easting e_z density
 station component phase omega s_northing s_easting  s_z
 station component phase omega s_northing s_easting s_z
 ...
 station component phase omega s_northing s_easting s_z
fileid N e_northing e_easting e_z density
 station component phase omega s_northing s_easting s_z
 station component phase omega s_northing s_easting  s_z
 ...
 station component phase omega s_northing s_easting  s_z
...

The header line contains following parameters:

fileid string Event id string. The parameter contains *UNIQUE* alphanumeric string to identify the seismic event. As
the string may be used (depending on parameters passed to |hybridmt| or |focimt| programs) to create a
directory where event-specific results will be stored, it is necessary to use only characters that can be
used to create files/directories under specific file system.

N integer Number of following lines containing phase information data.

e_northing float Northing component of earthquake hypocenter location in the local Cartesian coordinate system [m]. The
value must increase towards north.

e_easting float Easting component of earthquake hypocenter location in the local Cartesian coordinate system [m]. The
value must increase towards east

e_depth float Depth component of earthquake hypocenter location in local cartesian coordinate system [m]. The value
must increase towards up (i.e. if mean sea level is 0 in the local Cartesian coordinate system chosen, the
negative values correspond to the hypocenter below the mean sea level)

density float Density in the seismic source area [kg/m3].

The header line is followed by n lines containing phase information data:

station string Station name. As the station is used in graphical representation of seismic moment tensor solution, short
station names are advisable.

component string Station component name. Currently only vertical components are supported, and the column is basically
ignored by either |fociMT| or |hybridmt| routines. However, future version of |fociMT| and |hybridMT| will use
different phase.

phase string Phase identifier. Currently only P phases are supported, therefore only 'P' value is accepted by application.
The remaining values are ignored.

omega float Area below the first P-wave ground displacement pulse together with sign information. This value is
proportional to the spectral level in Fourier domain, and, overall, proportional to the seismic moment
observed at a certain station including additional sign information about amplitude polarity. The unit of
omega is [m * s] (meter times seconds). The detailed explanation of omega parameter is shown above.

s_northing float Northing component of station coordinate in the local Cartesian coordinate system [m]. The station
coordinate must be in the same system as earthquake northing coordinate provided in the event header
line
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s_easting float Easting component of station coordinate in the local Cartesian coordinate system [m]. The station
coordinate must be in the same system as earthquake northing coordinate provided in the event header
line

s_depth float Depth component of station coordinate in the local Cartesian coordinate system [m]. The station coordinate
must be in the same system as earthquake northing coordinate provided in the event header line

Here is example of input file for hybridmt.m, focimt.m as well as for focimt application in 1D velocity model
format:

134_044_+163 25 0 0 -1500 2700
S01 Z P  -3.4116906326339e-007          -10000         -10000              0
S02 Z P  -3.7814556483238e-007          -10000          -5000              0
S03 Z P  -5.0939122438081e-007          -10000              0              0
S04 Z P  -2.7462338649334e-007          -10000           5000              0
S05 Z P   3.2166275730773e-007          -10000          10000              0
S06 Z P  -1.2841376369079e-007           -5000         -10000              0
S07 Z P  -6.7801192106985e-007           -5000          -5000              0
S08 Z P  -2.0756006966737e-006           -5000              0              0
S09 Z P  -4.2127683545031e-007           -5000           5000              0
S10 Z P  -4.1841523522169e-008           -5000          10000              0
S11 Z P    3.905562102742e-008               0         -10000              0
S12 Z P   2.0061444414936e-007               0          -5000              0
S13 Z P  -5.7225282386188e-006               0              0              0
S14 Z P  -1.6899600936722e-007               0           5000              0
S15 Z P  -1.3448018845833e-008               0          10000              0
S16 Z P   3.8527723071411e-008            5000         -10000              0
S17 Z P  -4.5116743747675e-008            5000          -5000              0
S18 Z P  -1.0622893299273e-006            5000              0              0
S19 Z P  -5.0292277936872e-007            5000           5000              0
S20 Z P  -1.1584426977891e-007            5000          10000              0
S21 Z P  -1.0162790980247e-006           10000         -10000              0
S22 Z P  -1.6473470781745e-007           10000          -5000              0
S23 Z P  -3.6544904262446e-007           10000              0              0
S24 Z P  -3.0215676249735e-007           10000           5000              0
S25 Z P  -9.6393340287165e-007           10000          10000              0

The examples of reading 1D velocity model input files for the purpose of the seismic moment tensor inversion
with focimt application are shown in section Using focimt command line application.
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5. Input focimt cell array formats

The input cell array format is used across the whole package to provide all input data necessary for the seismic
moment tensor inversion or seismic moment tensor refinement procedure. The input cell array is typically
generated internally by focimt.m by calling either readraw.m or readvel1d.m. These routines read input ASCII
file (see /examples directory) in RAW or 1D velocity model formats, determine its format and create the input
cell array. The cell array is then used in the seismic moment tensor inversion or moment tensor refinement.

5.1 Structure of input cell array in RAW format
Input cell array contains a limited number of elements which are structure arrays. Each element of the cell array
correspond to a single seismic event and describes the input data necessary for the seismic moment tensor
inversion.

To see the structure of the input cell array in RAW format we can try to read sample input ASCII file in RAW
format:

Input = readraw('./examples/example2_raw.txt');

Python:

from hybridmt import read_raw
Input = read_raw('./examples/example2_raw.txt')

The only input parameter of readraw.m routine corresponds to the path to ASCII input file in RAW format. Typing
down:

Input

Input =
  1x2 cell array
    {1x1 struct}    {1x1 struct}

we see that the input cell array contains two elements. Each element of the Input cell array correspond to
complete input data from a single earthquake. To see the input data for the first earthquake we may wish to
type the following:

Input{1}

ans = 
  struct with fields:

      event_id: '344_014_+165'
      n_phases: 25
        format: 'raw'
    matrixmode: 1
       Station: {25x1 cell}
     Component: {25x1 cell}
         Phase: {25x1 cell}
         OMEGA: [25x1 double]
       AZIMUTH: [25x1 double]
           AOI: [25x1 double]
       TAKEOFF: [25x1 double]
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             V: [25x1 double]
             R: [25x1 double]
       DENSITY: [25x1 double]

In Python the events are returned as a list of RawEvent objects with the same field names.

Python:

Input[0]

The meaning of the fields in the structure array describing a single seismic event is as follows:

event_id (string)

Event id string. This parameter contains a UNIQUE alphanumeric string to identify the seismic event. As the
string may be used (depending on parameters passed to hybridmt.m or focimt.m routines) to create a directory
where event-specific results will be stored, it is necessary to only use characters that can be used to create
files/directories under specific file system.

n_phases (integer)

Number of phases (phase lines) following the header line.

format (string 'raw' | 'vel1d')

String containing information about the input file format.

matrixmode (integer)

Determines whether the phase data in the input cell array is stored either as matrices and cell arrays of strings
or single structure array containing multiple fields. This is internal parameter used in focimt.m routine.

e_northing, e_easting, e_z (floating point)

Coordinates of seismic event in the local Cartesian coordinate system used. The northing coordinate is positive
towards north, the easting coordinate is positive towards east and finally the depth coordinate is positive
towards up (away from the Earth center). The values must be provided in meters.

density

Rock density in [kg/m^3] in the source area. The value is used for calculating the seismic moment from
recorded ground displacement amplitudes.

The following fields contains input data read and they are described in fociMT input file formats page.

5.2 Structure of input cell array in 1D velocity model format
The structure of fociMT input cell array in 1D velocity model format is very similar to the RAW format. As an
example, calling:

Input = readvel1d('./examples/example2_1d.txt');
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Python:

from hybridmt import read_vel1d
Input = read_vel1d('./examples/example2_1d.txt')

Resulting in loading of ASCII file into Input cell array:

Input

Input =
  1x2 cell array
    {1x1 struct}    {1x1 struct}

Similarly to readraw.m routine, the input data for a single earthquake are accessible by indexing operator:

Input{1}

ans = 
  struct with fields:

      event_id: '344_014_+165'
        format: 'vel1d'
      n_phases: 25
    e_northing: 0
     e_easting: 0
           e_z: -1500
       density: 2700
    matrixmode: 1
       Station: {25x1 cell}
     Component: {25x1 cell}
         Phase: {25x1 cell}
         OMEGA: [25x1 double]
    S_NORTHING: [25x1 double]
     S_EASTING: [25x1 double]
           S_Z: [25x1 double]

The meaning of the fields in the structure array is as follows:

event_id (character array)

Event id string. This parameter contains a UNIQUE alphanumeric string to identify the seismic event. As the
string may be used (depending on parameters passed to hybridmt or focimt programs) to create a directory
where event-specific results will be stored, it is necessary to only use characters that can be used to create
files/directories under specific file system.

n_phases (integer)

Number of phases (phase lines) following.

format ('raw' | 'vel1d')

String containing information about the input file format.

matrixmode (integer)
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Determines whether phase data in the input cell array is stored either as matrices and cell arrays of strings or
single structure array containing multiple fields.

The following fields contains input data read and they are described in fociMT input file formats page.
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6. Output focimt cell array formats

The results of seismic moment tensor inversion performed using focimt.m routine are by default returned in a
cell array. The cell array is composed of n elements, each containing seismic moment tensor solution from a
single earthquake. The order of seismic moment tensor solutions in the output cell array corresponds to the
order of input cell array data, or accordingly to the order of event/phase data in the input ASCII files.

The package provides getsolution.m routine that can efficiently extract information from moment tensor
inversion output cell array. See Examples section for details.

Consider the output of the seismic moment tensor inversion using focimt, returned in the following example:

[Output, Input] = focimt('./examples/example2_raw.txt');

Python:

from hybridmt import focimt, get_solution
result = focimt('./examples/example2_raw.txt')
Output, Input = result.solution, result.input

Output

Output =
  1x2 cell array
    {1x1 struct}    {1x1 struct}

This particular dataset contained event and phase data from two earthquakes. To access the seismic moment
tensor solution from a particular earthquake, one have to specify explicitly the element of Output cell array:

Output{1}

ans = 
  struct with fields:

          event_id: '344_014_+165'
          n_trials: 1
    calculation_dt: 7.4026e+05
              full: [1x1 struct]
        deviatoric: [1x1 struct]
                dc: [1x1 struct]

Each cell array element contains basic information on earthquake as well as three MATLAB structure arrays
full, deviatoric and dc containing seismic moment tensor inversion solutions for unconstrained, deviatoric
and double-couple seismic moment tensors.

6.1 General seismic moment tensor solution data
The basic data holds the general information on processed earthquake:

event_id
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Contains the event ID number specified in the input file or input cell array.

n_trials

This field contains the number of calculations of the seismic moment tensor. Unless Jacknife Test or Input Data
Resampling is used while running the seismic moment tensor inversion using focimt.m routine, the number of
solutions is always 1, i.e. n_trials=1. If Jacknife parameter is 'on', three structures full, deviatoric and dc
will contain various fields containing seismic moment tensor output parameters in a form of cell arrays (or
matrices) with m+1 elements (or rows) where m is the number of stations. First elements (or rows) of fields will
correspond to the seismic moment tensor solution obtained from original input dataset with full phase data, and
the following elements (or rows) will correspond to the Jacknife solutions, with every other solution calculated
from the input data with different station removed.

Similarly, if Input data resampling procedure is enabled, the output cell array will contain various field where
each field will have m+1 elements. Again, the first element will correspond to the regular seismic moment
tensor inversion, where unperturbed input dataset was used, and the following elements corresponds to the
solutions obtained from resampled input data.

calculation_dt

Contains time of calculation as MATLAB serial date number (datenum, i.e. the value of now).

6.2 Seismic moment tensor solution data
The last three structure arrays, full, deviatoric and dc contain the actual seismic moment tensor inversion
results for unconstrained full moment tensor (structure full), constrained deviatoric or equivalently trace-null
moment tensor (structure deviatoric) and constrained double-couple moment tensor (structure dc). The format
off all structures is the same and can be easily visualized by accessing the particular element of the structure
array. For example, to access the full (uncostrained) moment tensor inversion results:

Output{1}.full

ans = 
  struct with fields:

          Type: {'N'}
    STATION_ID: 0
           ISO: 24.4771
          CLVD: 19.5537
            DC: 55.9693
            M0: 6.2537e+13
            MT: 6.9100e+13
      M0ERRMAX: 1.1698e+10
            MW: 3.1308
             P: [188.8290 34.1979]
             T: [341.1740 52.5050]
             B: [89.4300 13.5134]
            F1: [87.1460 80.5845 76.2984]
            F2: [323.2840 16.5736 145.0050]
         Fault: {'TF'}
           MXX: [1x6 double]
           CXX: [1x6 double]
      RMSERROR: 0.0013
       Station: {1x25 cell}
     Component: {1x25 cell}
     UMEASURED: [1x25 double]
           UTH: [1x25 double]
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The meaning of the fields is as follows:

Type (string or cell array of strings)

Contains information on the type of seismic moment tensor inversion, only meaningfull while Jacknife test or
Input Data Resampling is performed. 'N' character denotes the regular solution calculated from original input
data. The 'J' character denotes seismic moment tensor solution calculated with Jacknife approach. In this
case the information on which station was removed is specified in STATION_ID variable. Finally, the 'B'
character denotes the solution coming from the resampled dataset.

ISO (scalar or vector)

Contains the amount of isotropic component in the calculated seismic moment tensors in percents. The value
may calculated following Jost and Herrmann (1989) or Vavrycuk (2001) approach.

CLVD (scalar or vector)

Contains amount of CLVD (compensated linear vector dipole) component in the calculated seismic moment
tensor. The value is specifed in percents. The value may calculated following Jost and Herrmann (1989) or
Vavrycuk (2001) approach.

DC (scalar or vector)

Contains amount of double-couple components in the calculate seismic moment tensor. The value is provided
in percents. The value may calculated following Jost and Herrmann (1989) or Vavrycuk (2001) approach.

M0 (scalar or vector)

Contains the scalar seismic moment in Newton-Meters [Nm].

MT (scalar or vector)

Contains the information on total seismic moment in Newton-Meters [Nm]. The value is calculated according to
the following formula:

where  are eigenvalues of the full seismic moment tensor. The total seismic moment is equal to the seismic
moment  for double-couple constrained moment tensor solution.

M0ERRMAX (scalar or vector)

Hold information on maximum error of the seismic moment tensor. The value is extracted from covariance
matrix:

The maximum error is therefore the square root of the maximum diagonal elements of the covariance matrix.

MW (scalar or vector)
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Moment magnitude calculated from the total seismic moment using Hanks and Kanamori (1979) formula:

P, T, B (matrix)

These three matrices contain information on trend and plunge of P, T, and B axes. The trend is provided in
degrees from north towards east. The plunge is presented in degrees from horizontal towards bottom (plunge
equal to 0 corresponds to horizontal (parallel to earth surface) direction while plunge equal to 90 corresponds to
pure vertical direction (towards center of Earth).

F1, F2 (matrix)

These two matrices contain fault parameters. First, second and third element (or column when either Jacknife
Test or Input Data Resampling is turned on) corresponds to strike, dip and rake. All values are provided in
degrees and follows the seismological convention. The strike (first column) is measured from north to east. The
dip (second column) is measured from horizontal to vertical and rake (third colum) is positive/negative for
thrust/normal faulting.

Fault (string or cell array of strings)

Provides information on the fault type. This value is calculated by comparing the orientation of P, T and B axes
with respect to global coordinate system (i.e. which one is the most "vertical" axis, plungin with the highhest
angle). 'NF', 'SS', 'TF' denotes normal fault, strike slipe fault and thrust fault, respectively.

MXX (matrix)

Contains information on seismic moment tensor components in AKI's convention. The following elements (or
columents, if jacknife mode is used) correspond to , , , , , and . The values are specified
in [Nm].

CXX (matrix)

Contains diagonal elements of the covariance matrix with following elements (or columns if jacknife method is
used) corresponding to , , , , , and . The covariance matrix is calculated only of L2 norm is used.

RMSERROR (scalar or vector)

Contain RMS error of the seismic moment tensor solution. The RMS error is calculated following the formula:

The RMS error is calculated from measured and predicted seismic moments on all  stations (the measured
and predicted seismic moments are provided in UMEASURED and UTH matrices).

Station (cell array of strings)

Contains the list of stations used in seismic moment tensor inversion. The order of stations in the cell array
reflects the order of data in UMEASURED and UTH matrices.
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UMEASURED, UTH (matrix)

These two matrices contain measured and theoretical moments recorded or predicted, respectively, on a
particular station speficied by Station cell array. The measured amplitudes correspond to the input data.

6.3 Handling output cell array data from many solutions
As an example, let's perform the moment tensor inversion for 90 events using the sample data located in
/examples directory:

Solution = focimt('./examples/example3.txt');

Python:

Solution = focimt('./examples/example3.txt').solution

The resulting Solution cell array contains 90 elements corresponding to 90 moment tensors calculated, one for
each earthquake. Now, to access the results of a particular moment tensor inversion we have to use indexing
operator, e.g.:

Solution{5}.full

ans = 
  struct with fields:

          Type: {'N'}
    STATION_ID: 0
           ISO: -31.2658
          CLVD: -47.9401
            DC: 20.7941
            M0: 5.6378e+14
            MT: 7.3059e+14
      M0ERRMAX: 2.4520e+13
            MW: 3.7674
             P: [329.9410 58.7743]
             T: [154.3800 31.1495]
             B: [63.1899 1.9677]
            F1: [62.7056 76.1782 -92.0264]
            F2: [251.1300 13.9667 -81.8213]
         Fault: {'NF'}
           MXX: [1x6 double]
           CXX: [1x6 double]
      RMSERROR: 0.3381
       Station: {1x14 cell}
     Component: {1x14 cell}
     UMEASURED: [1x14 double]
           UTH: [1x14 double]

that provide us with results of full moment tensor inversion for the 5th seismic event.

Consider a scenario when we want to extract values of isotropic component from full moment tensor for all
earthquakes, for example in order to plot statistics of isotropic component distribution in the analyzed dataset.
This can be easily achieved by using the getsolution.m routine:

ISO = getsolution(Solution,'full','ISO');
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Python:

ISO = get_solution(Solution, 'full', 'ISO')

This will result in a vector composed of 90 elements where each element corresponds to the amount of
isotropic component from all 90 earthquakes for which the full seismic moment tensor was calculated. This can
be used for plotting the statistics of various parameters for the inverted dataset, e.g.:

hist(ISO)

Python:

import matplotlib.pyplot as plt
plt.hist(ISO)

willl display the distribution of isotropic components in the analyzed dataset.

In principle, more parameters can be extracted from the output cell array at once. For example, to extract the
moment magnitude and orientation of P axes for the deviatoric moment tensor solutions of all analyzed
earthquakes, the following code may be executed:

[MW,P] = getsolution(Solution,'deviatoric','MW','P');

Python:

MW, P = get_solution(Solution, 'deviatoric', 'MW', 'P')
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It is important to note that the order of input parameters ('MW','P' in the example above determines the order of
output parameters located on the left side of the formula. Also, the names of input parameters to extract must
correspond to the names of variables in the ouput structure array!

The function may be also used to extract general output data outside of 'full', 'deviatoric', and 'dc'
structures inside of each cell array element. For example, the general data contains the ID number of events:

Solution{1}

To extract all ID numbers, the following code may be used:

ids = getsolution(Solution,'deviatoric','event_id');

ans = 
  struct with fields:

          event_id: '004-03781'
          n_trials: 1
    calculation_dt: 7.4026e+05
              full: [1x1 struct]
        deviatoric: [1x1 struct]
                dc: [1x1 struct]

Python:

ids = get_solution(Solution, 'deviatoric', 'event_id')

In this case, the second parameter ('deviatoric') is of no use, but still it must be set up to either 'full',
'deviatoric', or 'dc'.
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7. Using focimt command line application

focimt application can be either used directly in a shell mode (command line) or by using focimt.m routine in
MATLAB environment. It is also worth to note that MATLAB environment allows to call shell programs directly
from command window by preceeding the application name ('focimt') with exclamation mark. In this description
we will use this MATLAB feature to present the direct use of focimt application and key command line options.
The full list of available command line options is presented later in this section. User can invoke the full list of
command line options directly from MATLAB environment by typing focimt -h. Note that NOT all options of
focimt are available from within focimt.m routine.

7.1 Basic usage
To perform the seismic moment tensor inversion in time domain using amplitude data stored in RAW ASCII
input file format in example1.txt file stored in /examples directory and output the graphical representation of the
solution to PNG and PDF formats:

!focimt -i ./examples/example1.txt -t PNG,PDF -o test01a

The Python function focimt calls the same application. Note that its default is solutions='FTD', whereas the
application alone calculates the double-couple solution only. The beach balls are written to the current directory
(or to project_dir); the results of the inversion are returned in the result object instead of the ASCII output file.

Python:

from hybridmt import focimt
focimt('./examples/example1.txt', solutions='D', beach_ball_format='PNG,PDF')

This will perform the constrained double-couple moment tensor inversion and the resulst will be stored in files
with test01a prefix. The call should result in creation of two additional files (beach balls) in PDF and PNG
formats:
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focimt is capable to generate four types of output files with graphical representation of the seismic moment
tensor: One raster format PNG and three vector formats SVG, PS and PDF. Note the vector formats are
suitable for high-quality publishing.

By default, only double-couple constrained moment tensor is calculated. To calculate full, deviatoric and double-
couple constrained moment tensors at once for a particular event or set of events, option -s FTD must be used,
where [F], [T], and [D] corresponds to full, deviatoric and double-couple solutions, respectively, as in the
example below:

!focimt -i ./examples/example1.txt -t PNG -s FTD -o test01b

Python:

focimt('./examples/example1.txt', solutions='FTD', beach_ball_format='PNG')

The successful execution results in generation of 3 PNG files with filename suffixes -full, -deviatoric, and -
dc and corresponding to the [F]ull moment tensor solution (ISO+CLVD+DC), deviatoric or [T]race-null
constrained solution (ISO=0,CLVD+DC) and [D]ouble-couple constrained solution (ISO=0,CLVD=0,DC). The
decomposition if performed by default using Jost and Herrmann (1989) approach. The alternative
decomposition into ISO+CLVD+DC parts may be performed following Vavrycuk (2001) method (however, this
will not change the shape of beach ball plot of seismic moment tensors, buy only affects the percentage of
moment tensor components).
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The graphical representation of seismic moment tensor solution and image size may be adjusted with -b and -z
options. Also, the stereographic projection type may be modified using -p option. For example, to calculate only
the deviatoric solution and create an upper-hemisphere equal-angle projection of the seismic moment tensor
without center cross and station polarity markers, and output it to the PNG file with with picture heigh and with
of 300 pixels, the following call is necessary:

!focimt -i ./examples/example1.txt -t PNG -s T -p WU -b ACD -z 300 -o test01c

Python:

focimt('./examples/example1.txt', solutions='T', beach_ball_format='PNG', projection='wulff',
       hemisphere='upper', plot_stations=False, beach_ball_size=300)

which results in the following picture:
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7.2 Moment tensor inversion parameters
By default, the moment tensor inversion is performed using L2 norm. This sometimes may NOT be an optimal
case, especially in situations where one expect to have input data with large outlayers. In this case, the
program allows to perform the inversion with L1 norm, which is less sensitive to large errors in the input data.
However, this results in a radically increased computation time, so it is unsuitable for large datasets. In axample
below we perform the full moment tensor inversion using L1 norm and export the result to PNG file. This can be
achieved using following command (note -n option to specify norm type):

!focimt -i ./examples/example1.txt -t PNG -z 300 -s F -n L1 -o test01d

Python:

focimt('./examples/example1.txt', solutions='F', norm='L1', beach_ball_format='PNG', beach_ball_size=300)

The resulting graphical representation of the full moment tensor looks as follows:



49

and it is actually significantly different from the full moment tensor solution obtained earlier using the default L2
norm:

Handling more input data at once

The seismic moment tensor inversion can be performed for multiple files at once. Simply, the input ASCII file in
either RAW or 1D velocity model formats may contain multiple blocks composed of event header data - event
phase data blocks. This greatly speeds up the processing of input data for the purpose of seismic moment
tensor inversion for numerous events.

Consider an example of the seismic moment tensor inversion of acoustic emission input data for the deviatoric
seismic moment tensor. The input file example3.txt contains 50 events forming a tight cluster. In this example
we calculate their full seismic moment tensors and export the output to PNG files. This can be achieved by
issuing the following command:

!focimt -o test03a -t PNG -s F -z 200 -i ./examples/example3.txt

Python:

focimt('./examples/example3.txt', solutions='F', beach_ball_format='PNG', beach_ball_size=200)

This will result in 50 PNG files generated in the current directory. Here is example of 10 of them:
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Handling 1D velocity model input files

By default, focimt expects data in RAW ASCII format. Alternatively, the package User is capable to provide
input data for the seismic moment tensor inversion in 1D velocity model format. However, this type of input
format data must by provided together with input 1D velocity model. As of version 3.1.30 of focimt application,
the seismic stations may located below the sea level as well as below the seismic source.

The 1D velocity model is provided using -m option followed by the path to ASCII file containing the model. The
sample 1D velocity model file is located in ./examples directory.

The ./examples directory contains two files example2_raw.txt and example2_raw.txt with input event/phase
data for the seismic moment tensor inversion. Both files display in fact the same phase data, however the first
one is in the RAW format and the second one is provided in 1D velocity model format. We can test now whether
they both result in the same moment tensor solutions:

First, calculate the full moment tensor solutions of two earthquakes using the RAW input file:
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!focimt -o test02a_raw -t PNG -s F -z 300 -i ./examples/example2_raw.txt

Python:

focimt('./examples/example2_raw.txt', solutions='F', beach_ball_format='PNG', beach_ball_size=300)

This results in the following graphical representation of the moment tensor solution:

Secondly, we calculate the same moment tensor solutions using the 1D velocity model input file. In this case we
have to provide additional 1D velocity model that will be used by 1D ray-tracing routine:

!focimt -o test02a_1d -t PNG -s F -z 300 -i ./examples/example2_1d.txt -m ./examples/vmodel.txt

Python:

import numpy as np
vmodel = np.loadtxt('./examples/vmodel.txt', skiprows=1, max_rows=2).T    # tops and velocities
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focimt('./examples/example2_1d.txt', solutions='F', beach_ball_format='PNG', beach_ball_size=300,
       velocity_model=vmodel)

This results in the following beach balls for two earthquakes:

As one can see, both solutions are identical regardles of input file format chosen. To create input data in for the
examples above, the auxiliary function genmt_vel1d.m from the package has been used. The detailed
description of both input file formats is presented here.

Station Jacknife test

The station Jacknife test can be performed by adding -j option to the command line. When this option is
specified, the seismic moment tensor inversion is firstly performed (as usual) with all phase information
provided by the User. In the following, a series of  moment tensor inversions will be performed using modified
input datasets. Each modified input dataset will have one (different) station removed from the original input
data. This tests aims to visualize potential problems with moment tensor inversion results if one input station
has a strong influence on the seismic moment tensor solution.
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Again, we used the example ASCII file above to test the stability of full moment tensor inversion:

!focimt -i ./examples/example1.txt -t PNG -s F -j -z 300 -o test01e

Python:

focimt('./examples/example1.txt', solutions='F', beach_ball_format='PNG', beach_ball_size=300, jacknife=True)

The graphical representation of the moment tensor inversion while using a Jacknife test looks as follows:

The shading corresponds to the original full moment tensor solution where all stations were used. The
additional blue, green and red lines (the latter is not seen in the case presented) corresponds to nodal planes of
Jacknife solutions with the color corresponding to the sense of motion of the fault plane. The blue, green and
red color of the additional nodal planes corresponds to normal, strike-slip and thrust fault.

Input data resampling

In addition to the seismic moment tensor inversion solution calculated from the original input data, additional
seismic moment tensors may be calculated using resampled input dataset enabling uncertainty assessment.
This procedure is handled by -rp, -rr, -ra and -rt options, typically followed by the number of resamplings of
the initial input dataset and an auxiliary parameter characteristic for each type of resampling method (see
below).

The application allows to perform four types of input data resampling (i.e. the following input parameters may
be biased):

Polarity Resampling (option -rp)

Amplitude Resampling (option -ra)

Station Rejection Resampling (option -rr)

Takeoff Angle Resampling (option -rt)

The input data resampling options may be combined. In other words, User may wish to bias the takeoff angles
(option -rt) as well as the polarities (option -rp) for the same input data file. The number of resamplings will be
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equal to the number of resamplings specified in the last -r option in provided command line call.

In the Polarity Resampling (option -rp), the sign of each input phase amplitude may be flipped with the
probability equal to p*100%. Let's assume we know that up to 1% of input phase data display incorrect phase
polarity. We now may test how this potential polarity bias influence the resulting seismic moment tensor
inversion using the polarity resampling. In addition to the moment tensor calculated from the original input
phase data we generate 100 additional resampled datasets assuming that up to 1% of phases in each
resampled dataset may have flipped polarities. This can be achieved by issuing the following command:

!focimt -i ./examples/example1.txt -t PNG -s D -rp 100/0.01 -z 300 -o test01f

Python:

focimt('./examples/example1.txt', solutions='D', beach_ball_format='PNG', beach_ball_size=300,
       resample=[100, 0.01])

This result in the following double-couple constrained moment tensor:

In Station Rejection Resampling (option -rr, followed by ), up to p*100% phases may be removed from the
input phase data. This is somehow similar to the behavior of -j option, i.e. to Jacknife Test. However, in
Jacknife Test, the number of resampled input datasets is always equal to the number of phase data and in each
perturbed input phase dataset only one (different) station is removed. In Station rejection resampling each
phase may removed from the input resampled dataset with probability of p*100%. For example, if p=0.5, each
resampled input dataset would contain on averagfe only 50% of the original input phase data. Typically, we
would like to reject only a few stations to investigate how these influence the seismic moment tensor inversion
results, therefore the p value should be small.

For example, to perform the 200 resamplings of the original dataset assuming on average that 2% of stations is
rejected from the resampled datasets, the following code should be executed:

!focimt -i ./examples/example1.txt -t PNG -s D -rr 200/0.02 -z 300 -o test01k

Python:
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focimt('./examples/example1.txt', solutions='D', beach_ball_format='PNG', beach_ball_size=300,
       resample=[200, 0, 0.02])

This result in the following double-couple constrained moment tensor:

The Amplitude resampling (option -ra) biases all input amplitude data by adding the noise. This option
performs additional seismic moment tensor inversions on  resampled input datasets with randomly perturbed
input amplitude data. The amplitude resampling is performed using -ra option followed by two numbers . A
series of  additional seismic moment tensor inversions is performed on resampled input data in addition to the
regular seismic moment tensor inversion using original input data. For each resampled input dataset, the input
phase amplitude  recorded at station  is modified according to the following formula:

 where  is a random value drawn from a normal distribution with mean 0
and standard deviation 1.

For example, to perfom 300 resamplings of the original input dataset assuming that amplitudes may change by
a factor of 2 (+-100%), the following code should be executed (note the division by 3.0 in the formula above
implies the factor of 2 in amplitude statistically reached or exceeded only in approximately 1% of resampled
phases, whereas in %99 phases the factor is lower than 2):

!focimt -i ./examples/example1.txt -t PNG -s D -ra 300/1.0 -z 300 -o test01m

Python:

focimt('./examples/example1.txt', solutions='D', beach_ball_format='PNG', beach_ball_size=300,
       resample=[300, 0, 0, 1.0])

This result in the following double-couple constrained moment tensor:
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Finally, the Takeoff Angle Resampling procedure (option -rt) perturbs the input takeoff angle values. Similarly to
Amplitude Resampling, the takeoff angle of each phase is modified using the following formula:

, where N(0,1) means a random sample drawn from Gaussian distribution of mean 0
and standard deviation 1. The takeoff angle resampling may be used to simulate the uncertainties in the
velocity model. The typical dispersion should not exceed a couple of degrees.

7.3 Outputting inversion results to ASCII output file
focimt is capable to export output moment tensor data to a customizable ASCII output text files. The option
governing text output is -d followed by selected UPPERCASE or lowercase characters and eventually an
asterisk '*' sign. Each character in the argument value string determines different parameter or set of
parameters to export and the order of characters determine the order of columns in output ASCII file. Finally,
once User specify the character(s) in lowercase, they will be additionally formatted in an eye-friendly manner.

The following table display the available output data together with corresponding letter codes.

character Description

M Moment tensor components in Aki's convention: M11,M12,M13,M22,M23,M33. The moment tensor components are
in [Nm] units.

C Moment tensor components in CMT conventions: M33,M11,M22,M13,-M23,-M12. The moment tensor components
are in [Nm] units.

F Fault plane solutions in format: STRIKEA/DIPA/RAKEA/STRIKEB/DIPB/RAKEB. All values are provided in degrees
and follows typical seismological convention.

D Decomposition of seismic moment tensor into Isotropic (ISO), Compensated linear vector dipole (CLVD) and double
couple (DC) in format: ISO/CLVD/DC. The numbers are provided in percents and calculated according to Jost and
Herrmann (1989) approach.

Y Decomposition of seismic moment tensor into Isotropic (ISO), Compensated linear vector dipole (CLVD) and double
couple (DC) in format: ISO/CLVD/DC. The numbers are provided in percents and calculated according to Vavrycuk
(2001) approach.
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A P/T/B Axes orientations in format: PTREND/PPLUNGE/TTREND/TPLUNGE/BTREND/BPLUNGE. All values are in
degrees and trends ranging 0-360 degree and plunges ranging 0-90 degrees (0 - horizontal, 90 - vertical).

W Seismic moment, total seismic moment, maximum error of the seismic moment tensor estimate and the moment
magnitude calculated using Hanks & Kanamori formula. The first three values are in [Nm] units.

Q Quality index (used internally)

T Fault type. 'SS','NF' or 'TF' will be exported depending whether the faulting style is strike-slip, normal or thrust,
respectively. The calculation of faulting type is based on plunges of P, T and B axes.

U Vector of synthetic amplitudes (moments) calculated (the number of exported values correspond to the number of
phases in the input file).

E RMS Error calculated between theoretical and measured amplitudes (moments) scaled to measured values, see
page for details.

V Diagonal elements of the MT covariance matrix in the following order: C11, C22, C33, C44, C55, C66

* Exports a new line character.

As an example, specifying '-d FAD' option exports firstly fault plane solutions, then P, T and B axes directions
and finally the moment tensor decomposition using ISO/CLVD/DC convention. The output ASCII file will have
the following structure:

STRIKEA/DIPA/RAKEA/STRIKEB/DIPB/RAKEB/PTREND/PPLUNGE/TTREND/TPLUNGE/BTREND/BPLUNGE/ISO/CLVD/DBCP

Consider an example of seismic moment tensor inversion of two events. We would like now to produce two
types of moment tensor solutions: full and deviatoric (option -s FD) and export the fault plane data (strike, dip
and rakes) as well as moment tensor decompositions (ISO/CLVD/DC) into the text file. This can be achieved by
calling:

!focimt -o test_export01a -i ./examples/example2_raw.txt -t SVG -s FD -d FD

In Python the output files of the application are read back automatically, so the data are returned in the result
object.

Python:

result = focimt('./examples/example2_raw.txt', solutions='FD', beach_ball_format='SVG')
result.solution[0].full.F1       # strike/dip/rake of the first nodal plane (the ASCII files are read back)

Six files will be generated. Four of them will be graphical representations of the seismic moment tensor
solutions for two events in SVG format and two types of moment tensors requested. The remaining two files will
contain the ASCII output, one for deviatoric and one for the full moment tensor solutions.

7.4 Auxiliary options of focimt application
focimt provides a simple way to generate a double-couple graphical representation of the seismic moment
tensor solution in a form of beach ball directly from fault plane solution parameters and (optionally) station and
polarity information. This can be achieved by -f option:
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In the easiest form, the strike, dip and rake parameters is required to plot a simple beach ball picture. To plot
the fault plane solution of the fault with strike/dip/rake = 11/60/-50[deg] an save it to a PNG file with size of 300
pixels:

!focimt -o fault01a -f 11/60/-50 -z 300 -t PNG

In Python a strike/dip/rake array (or a moment tensor array) given instead of the input file draws the beach ball.

Python:

focimt([[11, 60, -50]], beach_ball_size=300)     # draws beachball.png in the current directory

with the resulting beach ball

Note the output file name does not have any prefixes or suffixes as in the case of moment tensor inversion from
the ASCII input file.

It is also possible to provide more fault plane parameters and produce a plot with multiple nodal lines, similar to
what is plotted when station Jacknife test or Boostrap resampling option is used. In this case, the first fault
plane nodal line is painted with black color and the remaining nodal lines are painted according to the sense of
motion. To achieve such effects, option -fj is used and the data from following nodal lines are separated with ':'
character as in the example below:

!focimt -o fault01b -fj 11/60/-50:15/65/-42:17/55/-55 -z 300 -t PNG

Python:

focimt([[11, 60, -50], [15, 65, -42], [17, 55, -55]], beach_ball_size=300)
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The example above draws three nodal lines in total with strike/dip/rakes 11/60/-50 (main nodal line), 15/65/-42
and 17/55/-55 (auxiliary nodal lines).

In addition, the stations can be plotted as an overlay in any of the above two examples by using option -fs
followed by ':'-separated station information. The station information is provided in
azimuth/takeoff/polarity/name format. Consider we want to add two stations to the example above:

!focimt -o fault01c -fj 11/60/-50:15/65/-42:17/55/-55 -fs 10/80/1/A:130/10/-1/B -z 300 -t PNG

Python:

focimt([[11, 60, -50], [15, 65, -42], [17, 55, -55]], beach_ball_size=300,
       draw_stations=[(10, 80, 1, 'A'), (130, 10, -1, 'B')])

resulting in the following beach ball:

The azimuth of station is measured from north positive towards east. The station takeoff is measured from
vertical direction.
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7.5 Colors, export and ray-tracing options
The colors of the beach ball elements are set with the options -cn (best double-couple line, normal fault), -cs
(strike-slip fault), -cr (thrust fault), -cd (best double-couple solution), -ct and -cp (shading of the T and P axes),
-c+ and -c- (positive and negative onset markers) and -cl (onset marker labels). Each takes the arguments
r/g/b[/a] (the optional fourth value is the opacity: 0.0 is fully transparent, 1.0 is fully opaque; the help text of
the executable up to version 4.4.1 states the opposite, which is wrong). In focimt.m they are the properties
NormalFaultColor, StrikeSlipFaultColor, ThrustFaultColor, DoubleCoupleColor, TShadingColor,
PShadingColor, PlusColor, MinusColor and LabelColor; in Python normal_fault_color,
strike_slip_fault_color, thrust_fault_color, double_couple_color, t_shading_color, p_shading_color,
plus_color, minus_color and label_color. These options require version 4.4.1 or later of the application (older
binaries shifted the colors and could crash with -cl).

Option -ei FILENAME exports the input data in RAW format to the given file. The exported amplitudes are
already corrected for the incidence angle and the incidence is set to 0. Option -db writes only the first, the error-
minimum and the RMS-minimum solutions of resampling runs (QuickResample in focimt.m,
quick_resample=True in Python).

Option -mt dstart/dstep/dend/estart/estep/eend exports ray-tracing data of the 1D velocity model given with
-m for a grid of depths and epicentral distances (km) to the file given with -o (raytracing.txt by default). Each
line contains the station elevation, depth, distance, travel time, the flag of the direct phase, the takeoff angle,
the angle of incidence, the index of the refracting layer (0 for a direct ray) and the ray length. The ray-tracing
mode with a DATA block, in which the velocity model file is followed by a line DATA and lines elevation depth
distance (km), is used by genmt_vel1d; the result is written to the file given with -o. These options are not
wrapped by focimt.m or by the Python function.

7.6 Command line options
The full list of command line options of focimt can be displayed in console window by calling:

!focimt -h

From Python the same help text is obtained with:

Python:

import subprocess
from hybridmt import find_focimt
print(subprocess.run([str(find_focimt()), '-h'], capture_output=True, text=True).stdout)

References

Jost, M. L., and R. B. Herrmann (1989), A student’s guide to and review of moment tensors, Seismol. Res. Lett.,
60, 37–57.

Usage: focimt [options [args]] 
 
  --help, -h   Displays this information 
  --input, -i <args> Full path to the input file 
  --output, -o <args> Output file name (without extension).                 
 
    If specified, the output solution data in ASCII format will be exported to  
    a single file. Otherwise, 'fileid' field from input file will be used       
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    instead and moment tensor solution data will be exported to multiple files. 
 
  --solution, -s <args> Output solution type.                                 
 
    Arguments: [F][T][D] for the (F)ull, (T)race-null and (D)ouble-couple       
    solutions. Defines which moment tensor inversion will be performed. The     
    default option is '-s D'. Combine three options to export desired moment    
    tensor solutions, e.g. '-s DFT' will produce all three solutions at once.   
 
  --type, -t <args> Output file type.                                     
 
    Arguments: [NONE][PNG][SVG][PS][PDF] for different output file types.       
    Produce graphical representation of the moment tensor solution in a form of 
    the beach ball. More than one output file format can be specified. The      
    default value is '-t PNG'.                                                  
 
  --norm, -n <args> Norm type.                                            
 
    Arguments: [L1|L2] for L1 and L2 norm, respectively. Defines norm used in   
    the seismic moment tensor inversion. The default option is '-n L2'.         
    When Jacknife method is used the option is ignored and L2 norm is always    
    used.                                                                       
 
  --projection, -p <args> Projection type.                                      
 
    Arguments: [W|S][U|L]: Defines projection for the graphical representation  
    of the seismic moment tensor. Choose either (W)ulff projection or (S)chmidt 
    projection. Then select (U)pper hemisphere or (L)ower hemispere projection  
    The default option is '-p SL' (Schmidt projection, Lower hemisphere).       
 
  --ball, -b <args> The details of the beach ball picture                 
 
    Arguments: [S][A][C][D]: Defines features of the graphical representation   
    of seismic moment tensor. Plot (S)tations, (A)xes, (C)enter cross, best     
    (D)ouble-couple lines. The default option is '-b SACD' (all features are    
    displayed on the beach ball.                                                
 
  --dump, -d <args> Output data format and order.                         
 
    Arguments: [M][C][F][D][A][W][Q][T][U][*].                                  
    [M]: Moment tensor components in Aki's convention: M11,M12,M13,M22,M23,M33. 
         The moment tensor components are in [Nm]                               
    [C]: Moment tensor components in CMT conventions: M33,M11,M22,M13,-M23,-M12 
         The moment tensor components are in [Nm]                               
    [G]: Eigenvalues of the seismic moment tensor E1, E2, E3                    
    [V]: Diagonal elements of the moment tensor covariance matrix in the        
         following order: C11, C22, C33, C44, C55, C66                          
    [D]: Decomposition of the moment tensor into Isotropic, Compensated linear  
         vector dipole and double-couple in format: ISO/CLVD/DBCP. The numbers  
         are provided in percents and calculated according to Jost and Herrmann 
         (1989) approach.                                                       
    [Y]: Decomposition of the moment tensor into Isotropic, Compensated linear  
         vector dipole and double-couple in format: ISO/CLVD/DBCP. The numbers  
         are provided in percents and calculated according to Vavrycuk (2001)   
         approach.                                                              
    [F]: Fault plane solutions in format: STRIKEA/DIPA/RAKEA/STRIKEB/DIPB/RAKEB 
         (all values are in degrees)                                            
    [A]: P/T/B Axes orientations in format:                                     
         PTREND/PPLUNGE/TTREND/TPLUNGE/BTREND/BPLUNGE                           
         All values are in degrees.                                             
    [W]: Seismic moment, total seismic moment, maximum error of the seismic     
         moment tensor estimate and the moment magnitude calculated using       
         Hanks & Kanamori formula. The first three values are in [Nm].          
    [Q]: Quality index                                                          
    [T]: Abbreviated faulting type: 'SS','NF' or 'TF' corresponding to          
         strike-slip, normal or thrust faulting, respectively.                  
    [U]: Vector of synthetic displacements calculated (the number of exported   
         numbers correspond to the number of amplitudes in the input file.      
    [E]: Scaled RMS Error calculated between theoretical and measured seismic   
         moments.                                                               
    [*]: Export new line character                                              
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    NOTE #1:                                                                    
    The order of arguments determine to order of output. For example -d FAD     
    exports firstly fault plane solutions, then P, T and B axes directions and  
    finally the moment tensor decomposition into ISO/CLVD/DBCP. The output file 
    will have the following structure:                                          
    STRIKEA/DIPA/RAKEA/STRIKEB/DIPB/RAKEB/PTREND/PPLUNGE/TTREND/TPLUNGE/BTREND  
    /BPLUNGE/ISO/CLVD/DBCP                                                      
                                                                                
    NOTE #2:                                                                    
    Use lowercase arguments in order to export data in eye-friendly format.     
 
  --model, -m <args> Velocity model file (with extension)                  
 
    Velocity model in HYPO71 format. Imposes different ASCII input file format. 
 
  --jacknife, -j        Performs station Jacknife test. 
 
  --amplitude, -a <args> Perform amplitude resampling (obsolete, recommend -ra) 
 
    Arguments: x[/y] where x is a floating-point positive number that describes 
    the level of noise applied to each amplitude: A+x*A*N(0,1)/3 where N is a   
    normal distribution with mean 0 and std 1. The default value of x is 1      
    (i.e.amplitude vary by a max. factor of ~2). Optional parameter /y is       
    a number of samples (default value is 100).                                 
 
  --drawfault, -f <args> Generate beach ball with fault plane solution         
 
    Arguments: [strike/dip/rake][M11/M12/M13/M22/M23/M33]. The strike/dip/rake  
    triplet must be provided in degrees. Alternatively, six independent moment  
    tensor components can be provided in a form [M11/M12/M13/M22/M23/M33].      
    The command may be combined with -fs to overlay station information.        
 
  --drawfaults, -fj <args> Generate beach ball with jacknife solutions           
 
    Arguments: [strike/dip/rake[:s1/d1/r1][:s2/d2/r2][:...]] or alternatively   
    [M11/M12/M13/M22/M23/M33][:M11/M12/M13/M22/M23/M33][:...]. Same as option   
    -f, but multiple nodal lines are plotted reflecting different moment        
    tensor solutions. The command may be combined with -fs to overlay station   
    information.                                                                
 
  --drawstations, -fs <args> Generate beach ball with stations                     
 
    Arguments: azimuth/takeoff/polarity/name[:a2/t2/p2/n2][:a3/t3/p3/n3][:...]  
    Overlays station and polarity information on the beach ball. Use in         
    combination with -f and -fj options. 
  --size, -z <args> Beach ball file size                                  
 
    Size of the beach ball figure in pixels (PNG) or in points (PDF/PS/SVG)     
 
  --resampling_takeoff, -rt <args> Perform takeoff resampling                            
 
    Performs additional MT inversions on resampled input data with modified     
    takeoff angles.                                                             
    Arguments: x/y where x is the number of resamplings of the original dataset 
    and y is the amplitude variation factor.                                    
 
  --resampling_polarity, -rp <args> Perform phase polarities resampling                   
 
    Performs additional MT inversions on resampled input data with randomly     
    toggled polarities.                                                         
    Arguments: x/y where x is the number of resamplings of the original dataset 
    and y is the fraction of reversed amplitudes.                               
 
  --resampling_rejection, -rr <args> Perform station rejection resampling                  
 
    Performs additional MT inversions on resampled input data with randomly     
    rejected stations.                                                          
    Arguments: x/y where x is the number of resamplings of the original         
    dataset and y is the fraction of rejected stations                          
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  --resampling_amplitude, -ra <args> Perform amplitude resampling                          
 
    Performs additional MT inversions on resampled input data with randomly     
    modified input amplitude data.                                              
    Arguments: x/y where x is the number of resamplings of the original         
    dataset and y is the amplitude variation factor (see option -a for details) 
 
  --modeltakeoff, -mt <args> Export raytracing data                                
 
    Procedure export raytracing data for specific set of epicentral distances   
    and epicentral depths for 1D velocity model file specified with option -m   
    Arguments: dstart/dstep/dend/estart/estep/eend in [km]                      
 
  --normalfaultcolor, -cn <args> Best double-couple line color for normal fault        
 
    Arguments are r/g/b[/a], where r,g,b are red, green and blue color          
    component intensities (0.0 - minimum intensity, 1.0 maximum intensity).     
    The optional fourth argument a determines transparency level with 0.0       
    corresponding to fully opague color and 1.0 to fully transparent color).    
 
  --strikeslipfaultcolor, -cs <args> Best double-couple line color for strike-slip fault   
 
    See description of -cn option for details on argument list.                 
 
  --thrustfaultcolor, -cr <args> Best double-couple solution for thrust fault          
 
    See description of -cn option for details on argument list.                 
 
  --dccolor, -cd <args> Color of best double-couple solution    See description of -cn option for details o
n argument list.                 
 
  --taxiscolor, -ct <args> T-axis shading color                                  
 
    See description of -cn option for details on argument list.                 
 
  --paxiscolor, -cp <args> P-axis shading color                                  
 
    See description of -cn option for details on argument list.                 
 
  --pluscolor, -c+ <args> Positive onset marker color                           
 
    See description of -cn option for details on argument list.                 
 
  --minuscolor, -c- <args> Negative onset marker                                 
 
    See description of -cn option for details on argument list.                 
 
  --labelcolor, -cl <args> Onset marker label color                              
 
    See description of -cn option for details on argument list.                 
 
  --exportinput, -ei <args> Export input file data in raw format                  
 
    Argument: Output file name                                .                 
 
  --dumpbest, -db        Output first, ERRL and RMSD-best solutions            
 
 
  --version, -v        Display version information 
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8. Theoretical background

8.1 Moment tensor inversion
The moment tensor inversion in focimt is a well-known procedure that relies on optimizing the following inverse
problem:

where  is the n-by-6 matrix containing Green’s function derivatives,  is n-by-1 matrix of ground
displacements observed, M is 1-by-6 matrix containing six independent moment tensor components, and  is
the number of ground displacement observations. As the above system of equations is overdetermined (it has
more observations than unknowns), it is typically solved using the least-squares approach (L2 norm) with the
cost function being the sum of squares of residuals. In addition, focimt allows to use the absolute (L1) norm
which is less sensitive to larger errors at the cost of significantly increased computation time.

Regardless of the norm used to optimize the equation above, the seismic moment tensor inversion is
performed systematically in three different ways assuming unconstrained, as well as constrained deviatoric and
double-couple moment tensors. The deviatoric moment tensor solution is obtained by assuming no volumetric
change in the resolved moment tensor (i.e. the trace of the resolved moment tensor is equal to zero) during
linear inversion. The double-couple constrained moment tensor is resolved by further imposing the determinant
of the seismic moment tensor to be zero as well. The latter constraint makes the moment tensor inversion
scheme non-linear and the Lagrange multipliers method (Oncescu, 1986) is used to determine the double-
couple constrained moment tensor.

The resulting seismic moment tensors are decomposed into isotropic (ISO), compensated linear vector dipole
(CLVD) and double-couple (DC) parts following the default decomposition scheme of Knopoff and Randall
(1970) with percentage of decomposed tensor elements calculated by either Knopoff and Randall (1970) or
Vavrycuk (2001). The isotropic part describes changes in the volume in the seismic source region. The
deviatoric part (CLVD+DC) is used to estimate the orientation of tensional, compressional and null axis
directions, fault plane orientation as well as slip direction. The uncertainties are provided as RMS errors
between recorded and modelled ground displacements and covariance matrix. The fault type is categorized into
either strike slip, normal or thrust faulting depending on the relative orientation of cardinal axes of the resolved
seismic moment tensor.

Uncertainty assessment

Uncertainties of the estimated moment tensors can be estimated through the normalized root-mean-square
(RMS) error between theoretical and estimated amplitudes (Stierle et al., 2014a, 2014b) following the formula:

The application is capable to produce additional solutions calculated from resampled datasets. The number of
phases, polarity, the amplitude as well as the takeoff angle may be randomply perturbed and the resampled
input phase data will be used to calculate additional momente tensor solution. Having the multiple moment
tensor solutions from numerous resamplings of input data, it is possible to calculate the probability density
functions of obtained moment tensor characteristics to characterize their uncertainties.
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8.2 Hybrid moment tensor refinement
Hybrid moment tensor (HMT) technique was originally developed by Andersen (2001). This methodology
overall aims at decreasing the influence of local path, site and sensor effects on estimation of seismic moment
tensors. Frequently, the knowledge on waveform propagation between the source and receiver is very poor,
however the frequency and amplitude content of body waves excited from the source is affected by attenuation,
scattering and local site effects resulting in generally unknown Green’s function that can be hardly modelled
with typically insufficient information on geological medium. In addition, misinformation on sensor
characteristics (e.g. bad gain, reversed polarity) contributes directly to the actually measured ground
displacement values leading to the additional bias of resolved seismic moment tensors.

The Hybrid Moment Tensor (HMT) concept is in principle based on the idea of empirical Green’s function
technique used in the seismic source tomography for extraction of the relative source time function or kinematic
source inversion. In this method the small seismic event is used as an approximation of the Green's function
and it is used to deconvolve the propagation, site and sensor effects from the recorded seismogram of the
investigated earthquake. However, the eGf candidate and investigated earthquake must share certain source
properties (Kwiatek, 2008) in order to not introduce further errors into the deconvolution procedure.

The HMT technique is performed for a selected cluster of seismic events located close enough in comparison
to the source-receiver distances. This means the earthquakes forming a cluster should share similar travel
paths of body waves from seismic sources to sensor and we may assume the invariance of Green’s function
between events forming a cluster and a particular station.

The HMT technique is an iterative procedure. In the first step, the seismic moment tensor inversion is
performed for all seismic event forming the cluster using the provided input data. In the following, the resulting
seismic moment tensors (i.e. the components of seismic moment tensor) are used to predict the amplitudes
(moments) at each sensors for all events. The ratios:

are formed for the synthetic and observed amplitudes (seismic moments) for each station  and event . Then,
the median ratios  are calculated for each sensor separately. The median ratio at station  is used to update
the input ground displacement amplitudes using the following scheme:

where  is the weighting factor for each station. The updated ground displacement data are used to calculate a
new set of seismic moment tensors. The procedure is repeated until the ratio correction factor becomes
insignificant (Andersen, 2001):

Applicability

The HMT technique is a useful tool to improve the quality of seismic moment tensor solutions coming from
earthquakes forming a tight cluster. The algorithm can detect the inappropriate gain/coupling of certain
station(s) and provide the station corrections factors. However, the algorithm is NOT capable to detect the
inapropriate station polarity.
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9. Python interface

The folder python of the hybridMT package contains the Python package hybridmt. It calls the same focimt
application as the MATLAB wrapper focimt.m and reproduces focimt.m and hybridmt.m: the same options
(written in snake_case), the same field names of the results and the same numbers. How the data of the two
environments correspond to each other is described in Comparison of MATLAB and Python output.

9.1 Requirements
Python 3.10 or newer

numpy (1.24 or newer) and matplotlib (3.7 or newer); matplotlib is required because the package contains
the counterparts of the MATLAB figures

the focimt executable: focimt.exe in the root folder of the package (Windows). For Linux and macOS the
application has to be compiled first, see src/howto_compile_focimt.txt; the Python package has been
tested on Windows only

pytest and ruff for development (optional)

9.2 Installation
The use of a separate environment is recommended. With conda, in a terminal window opened in the root
folder of the package:

conda create -n hybridmt python=3.12 numpy matplotlib pytest ruff
conda activate hybridmt
pip install -e python

The development tools (pytest, ruff) are installed with pip install -e "python[dev]" instead. The installation
is not mandatory for the demo scripts: they add python/src to the module search path themselves.

9.3 Locating the focimt executable
The executable is looked up in the following order:

the argument exe= of focimt() and hybridmt(),

the environment variable HYBRIDMT_FOCIMT (full path of the executable),

the root folder of the package (where focimt.m is located),

the PATH.

The function find_focimt() returns the executable that will be used.

9.4 First moment tensor inversion
The function focimt accepts a file name (RAW or 1D velocity model format), a list of events or an array of
strike/dip/rake values to draw. The solutions are returned in a result object (solution, input, params). The
solution of one event contains the full, deviatoric and double-couple solutions with the same field names as the
MATLAB structures (ISO, CLVD, DC, MW, F1, F2, MXX, ...). In contrast to MATLAB the indexing of lists starts at 0.

Python:
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from hybridmt import focimt, get_solution
result = focimt('./examples/example2_raw.txt')
Solution = result.solution              # list of events
Solution[0].full.ISO, Solution[0].full.F1
ISO = get_solution(Solution, 'full', 'ISO')

The options of focimt.m are keyword arguments (BeachBallFormat becomes beach_ball_format, Jacknife
becomes jacknife, IgnoreStation becomes ignore_station, and so on); switches that are 'on' or 'off' in
MATLAB are True or False. The MATLAB spelling 'wullf' of the projection is accepted in addition to 'wulff'.
All options can also be collected in a FocimtParams object, which is passed as the second argument.

Python:

from hybridmt import FocimtParams
params = FocimtParams(norm='L1', jacknife=True, solutions='F')
result = focimt('./examples/example2_raw.txt', params)
result.solution[0].full.Type             # 'N' followed by one 'J' per station

Errors raised by the package are FocimtError (the application failed or produced no output), FocimtInputError
(invalid input data) and the warning class FocimtWarning.

9.5 Hybrid moment tensor refinement
hybridmt works like hybridmt.m. It prints the input data statistics and one line for each iteration (the progress
bar of MATLAB is not used; display=False silences the output) and writes the results to the project directory,
which must not exist.

Python:

from hybridmt import hybridmt
Solution, History = hybridmt('./examples/example5.txt', iterations=10, weight=0.25,
                             snapshots=False, display=False, project_dir='results')
History.U               # cumulative correction factor of each station
History.Stations        # station names in the order of History.U
History.RMS_ERROR       # events x iterations

The project directory contains solution_NNN.npz for each iteration, input_NNN.txt (save_input), solution.npz,
history.npz, summary.json and, with snapshots=True, the beach balls of every iteration in
EVENT_ID/iter/NNN.png. The files are read back with load_solution() and load_history(). Neither MATLAB
nor scipy is needed to read them.

9.6 Figures
The module hybridmt.plots contains the counterparts of the MATLAB figures. The functions never call show, so
the backend (e.g. matplotlib.use('Agg') for files) is chosen by the user.

plot_hudson(ax, MXX) draws the Hudson source type plot and projects moment tensors (drawhudsonnet),
hudson_uv(MXX) returns the projection only

plot_history(History) draws the six panels of the refinement history that hybridmt.m shows

show_images(files) shows image files, for example the beach balls drawn by the application

Python:

import matplotlib.pyplot as plt
from hybridmt import load_history
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from hybridmt.plots import plot_hudson, plot_history
plot_history(History, ratio_limit=10)
plot_hudson(None, Solution[0].full.MXX)

9.7 Demo and tests
The scripts examples/demo_focimt_hybridmt.m and examples/demo_focimt_hybridmt.py run the same six
studies (basic inversion, Jacknife and resampling, a catalog, bias recovery with hybridMT, a real catalog, a
diagnostics workflow with a 1D velocity model) and save tables and figures. The Python script compares its key
numbers with the results of the MATLAB script. To run it:

python examples/demo_focimt_hybridmt.py --quick

The tests of the package are run from the folder python:

python -m pytest
ruff check .

9.8 Windows and conda
When the python.exe of a conda environment is started directly (without conda activate), the numpy library
stops silently with exit code 127 when linear algebra is used (for example in hudson_uv). Activate the
environment first, or put the Library\bin folder of the environment on the PATH before the call.

9.9 Linux and macOS
The package does not depend on the platform, but the repository contains only the Windows binary. Compile
the application (src/howto_compile_focimt.txt), name the result focimt and give its location with exe= or
HYBRIDMT_FOCIMT. This has not been tested yet.

9.10 See also
Comparison of MATLAB and Python output | focimt | hybridmt | getsolution
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10. Comparison of MATLAB and Python output

This section describes how the data returned by the MATLAB functions focimt.m and hybridmt.m correspond to
the data returned by the Python package (see Python interface). Both call the same focimt application, so the
numbers are the same; what differs is the container, the indexing and a few details of the output files.

10.1 Principles
The field names are the same in both languages (event_id, ISO, MXX, UTH, ...). Option names follow the rule
CamelCase to snake_case (BeachBallFormat becomes beach_ball_format), the switches 'on' and 'off'
become True and False.

MATLAB cell arrays of structures (Input, Solution) are Python lists of dataclass objects. Fields are
accessed with a dot in both languages: Solution{1}.full.ISO in MATLAB, Solution[0].full.ISO in
Python.

Python lists start at index 0, MATLAB cell arrays at index 1. The same holds for all vectors and matrices.

Numerical fields are numpy arrays with the same shape as the MATLAB matrices: for n trials the scalar
parameters (ISO, MW, RMSERROR, ...) have n elements (a column in MATLAB, a one-dimensional array in
Python), F1 and F2 are n-by-3, P, T, B are n-by-2, MXX and CXX are n-by-6, UMEASURED and UTH are n-by-m
with NaN for stations that were not used in the trial.

Text fields (Type, Fault, Station, Component, Phase) are cell arrays of character vectors in MATLAB and lists
of strings in Python.

10.2 The Input structure
MATLAB                     Python                      Remark
Input{i}                   Input[i-1]                  RawEvent or Vel1dEvent
.event_id                  .event_id                   string
.n_phases                  .n_phases                   property in Python
.format                    .format                     'raw' or 'vel1d'
.matrixmode                (absent)                    always true in MATLAB
.Station, .Component,      same names                  lists of strings
.Phase
.OMEGA                     .OMEGA                      array [n_phases]
.AZIMUTH .AOI .TAKEOFF     same names                  RAW format only
.V .R .DENSITY
.S_NORTHING .S_EASTING     same names                  1D velocity format
.S_Z .e_northing
.e_easting .e_z .density

10.3 The Solution structure
MATLAB                     Python                      Remark
Solution{i}                Solution[i-1]               EventSolution
.event_id                  .event_id
.n_trials                  .n_trials
.calculation_dt            .calculation_dt             datenum / datetime
.full .deviatoric .dc      same names                  MTSolution (None if not calculated)
.Type                      .Type                       'N', 'J' (Jacknife), 'B' (resampling)
.STATION_ID                .STATION_ID                 0 for normal trials
.ISO .CLVD .DC             same names                  [n]
.M0 .MT .M0ERRMAX .MW      same names                  [n]
.P .T .B                   same names                  [n x 2] trend/plunge
.F1 .F2                    same names                  [n x 3] strike/dip/rake
.Fault                     .Fault                      'NF', 'SS', 'TF'
.MXX .CXX                  same names                  [n x 6] M11 M12 M13 M22 M23 M33
.RMSERROR                  .RMSERROR                   [n]
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.Station .Component        same names                  stations of the solution

.UMEASURED .UTH            same names                  [n x m], NaN for rejected stations

UMEASURED is the amplitude after the application has corrected it for the angle of incidence (UMEASURED =
OMEGA/cos(AOI)), not the amplitude in the input file. A station that occurs several times in an event is assigned
to the columns in the order of its readings.

10.4 The History structure of hybridmt
MATLAB                     Python                      Remark
History.RMS_ERROR          .RMS_ERROR                  [events x iterations]
History.U_RATIO_MEDIAN     .U_RATIO_MEDIAN             [stations x iterations]
History.U                  .U                          correction factors [stations]
History.U_CHANGES          .U_CHANGES                  [stations x iterations]
History.U_RATIO            .U_RATIO                    list of arrays [events x stations x components]
History.POLARITY_VALID     .POLARITY_VALID             [stations x iterations]
History.POLARITY_VALID_    .POLARITY_VALID_TOTAL       [iterations]
TOTAL
(absent)                   .event_id .Stations         names belonging to the rows
(absent)                   .Components

The order of the stations is the order of the sorted unique station names in both languages. The statistics of the
input data are printed in the same words (display=True) and are also available as result.statistics.

10.5 Options
MATLAB focimt              Python focimt
Norm                       norm                        'L1' or 'L2'
Jacknife                   jacknife                    True/False
Verbose                    verbose
Solutions                  solutions                   'FTD'
Decomposition              decomposition               'JostHerrmann' or 'Vavrycuk'
MinimumPhases              minimum_phases              8
IgnoreStation              ignore_station              string or list of strings
CorrectStation             correct_station             {'EPR': -1, 'S02': 0.5} (MATLAB: {'EPR',-1,'S02',0.5})
VelocityModel              velocity_model              n x 2 array
Resample                   resample                    [n p r a t]
QuickResample              quick_resample
ProjectDir                 project_dir                 see below
BeachBallFormat            beach_ball_format           'PNG', 'PNG,SVG' or a list
BeachBallSize              beach_ball_size
Projection                 projection                  'schmidt', 'wulff' ('wullf' accepted)
Hemisphere                 hemisphere
PlotCross PlotStations     plot_cross plot_stations    True/False
PlotAxes PlotDC            plot_axes plot_dc
DrawSolution               draw_solution               or an array given as the first argument
DrawStations               draw_stations               list of (azimuth, takeoff, polarity, name)
NormalFaultColor ...       normal_fault_color ...      [r g b] or [r g b a]; all nine colors
Bootstrap                  (absent)                    obsolete alias of Resample
(absent)                   exe                         path of the application
(absent)                   figure_dir                  folder of the beach balls

MATLAB hybridmt            Python hybridmt
Iterations                 iterations                  40
Weight                     weight                      0.1
Solution                   solution                    'full', 'deviatoric', 'dc'
ProjectDir                 project_dir                 'results'
Snapshots                  snapshots
Display                    display
SaveInput                  save_input
RatioLimit                 ratio_limit                 10
TestData                   test_data
IgnoreStation              ignore_station
CorrectStation             correct_station
VelocityModel              velocity_model
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MinPolarities              min_polarities             10
MinEvents                  min_events                 20
PickRatio                  pick_ratio                 0.5
PolarityMatchRatio         polarity_match_ratio       0.8
FigureFormat               (absent)
AuxiliaryFigures           (absent)                    use hybridmt.plots.plot_history
(absent)                   exe, log

The defaults are identical.

10.6 Output files
ProjectDir of focimt: MATLAB writes Params.mat and Solution.mat (only when ProjectDir is given);
Python writes params.json and a copy of the input file instead.

hybridmt: MATLAB writes solution_NNN.mat, input_NNN.mat, Solution.mat, History.mat and the summary
figures; Python writes solution_NNN.npz, input_NNN.txt, solution.npz, history.npz and summary.json.
The beach ball snapshots are written as EVENT_ID/iter/NNN.png in both languages.

The files .npz are read with load_solution() and load_history(); no MATLAB files are needed.

10.7 Deliberate differences
get_solution returns all trials of every event, whereas getsolution reports an error when an event has
more than one trial.

hybridmt() prints one plain line per iteration instead of the progress bar, and with test_data=True returns
history=None.

The summary figures of hybridmt.m are not created by hybridmt() itself; use
hybridmt.plots.plot_history.

Python has no counterparts of the generators genmt_raw, genmt_vel1d and rpgen, nor of the stereonet
functions; the beach balls are drawn by the focimt application in both languages.

The random numbers of the resampling come from the application, which has no seed; two runs differ in
both languages.

10.8 Agreement
The two implementations were compared in several ways. The Python results for six sets of options (RAW and
1D velocity input, Jacknife, resampling, ignored and corrected stations) agree with the results of focimt.m run in
MATLAB R2021a, the refinement of a synthetic data set with the results of hybridmt.m to rounding error (about
1e-16), and the demo scripts agree on 39 key numbers to 1e-6 (the resampling is excluded). For example, for
the first event of example2_raw.txt (full solution):

Quantity    MATLAB        Python
ISO         24.4771       24.4771
CLVD        19.5537       19.5537
DC          55.9693       55.9693
MW          3.13076       3.13076
F1          [87.146 80.5845 76.2984]       [87.146, 80.5845, 76.2984]
F2          [323.284 16.5736 145.005]      [323.284, 16.5736, 145.005]
RMSERROR    0.00134356    0.00134356

Python:

from hybridmt import focimt
s = focimt('./examples/example2_raw.txt').solution[0].full
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print(s.ISO[0], s.CLVD[0], s.DC[0], s.MW[0], s.F1[0], s.F2[0], s.RMSERROR[0])

To compare the results of your own runs, write the MATLAB solution to a JSON file with

fid = fopen('solution.json','w'); fwrite(fid, jsonencode(Solution)); fclose(fid);

and compare it in Python with the solution calculated from the same input file (Solution is the list returned by
focimt):

import json
import numpy as np
ref = json.load(open('solution.json'))
for e_ref, e in zip(ref, Solution):
    for name in ('ISO', 'CLVD', 'DC', 'MW', 'F1', 'F2', 'MXX'):
        v = getattr(e.full, name)
        np.testing.assert_allclose(np.reshape(e_ref['full'][name], v.shape), v, rtol=1e-6)

10.9 See also
Python interface | Output focimt cell array formats | Input focimt cell array formats
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11. Function reference

drawhudsonnet - Draw Hudson's plot and/or provide moment tensor projection to [u,v] space.

drawstereonet - Create stereonet plot

focimt - Perform seismic moment tensor inversion in time domain.

genmt_raw - Generate synthetic event/phase data for focimt in RAW ASCII format

genmt_vel1d - Generate synthetic event/phase data for focimt in 1D velocity model ASCII format

getsolution - Extract parameter(s) from seismic moment tensor solution output cell array

hybridmt - Perform refinement of seismic moment tensors using Hybrid Moment Tensor approach

hybridmt_show - Display results of Hybrid Moment Tensor refinement (internal function)

hybridmt_summary - Summarize the performance of a hybridMT refinement project

project_stereonet - Project data onto the stereonet plot

readraw - Read input ASCII file in focimt RAW format

readsolution - Read seismic moment tensor solution file created with focimt

readvel1d - Read input ASCII file in focimt 1D velocity model format

rpgen - Calculate radiation pattern using shear-tensile source model

writeinput - Converts input cell array to ASCII input file in focimt RAW/1D velocity model format

The Python counterparts of the functions are described in the Python interface section (see also Comparison of
MATLAB and Python output).
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12. drawhudsonnet

Hudson plot

12.1 Syntax
drawhudsonnet;
[U,V] = drawhudsonnet(M);
drawhudsonnet(M);

Python syntax (see Python interface)

ax = plot_hudson(ax=None, moment_tensors=None)    # from hybridmt.plots
u, v = hudson_uv(M)

12.2 Description
Use drawhudsonnet allows either to generate a Hudson plot figure following the Hudson, J.A., R.G. Pearce, and
R.M.Rogers (1989), "Source type plot for inversion of the moment tensor", J. Geophys. Res., 94, 765–774. or to
project (and eventually plot) moment tensor data to [u,v] space of Hudson network.

drawhudsonnet with no arguments just produce a bare Hudson plot.

[U,V] = drawhudsonnet(M) produce a Hudson plot and project moment tensor data into the [U,V] space.
Vectors U and V can be than used to plot the pointsin the generated figure, e.g. by calling: plot(U,V,'ok'); The
input moment tensor matrix M may be in one of the following formats:

3-by-3 matrix containing full moment tensor in a form M = [m11 m12 m13; m21 m22 m23; m31 m32 m33] (note
the moment tensor must be symmetric, i.e. m12=m21, m32=m23 and m31=m13).

n-by-6 matrix where each row corresponds to a different moment tensor Each row contains 6 independent
moment tensors components in the following format: M(i,:) = [m11 m12 m13 m22 m23 m33].

n-by-9 matrix where each row corresponds to a different moment tensor. Each row contains 9 moment
tensor components in the following format: M(i,:) = [m11 m12 m13 m21 m22 m23 m31 m32 m33]. In this case
columns [4 7 8] are ignored and matrix is reduced to n-by-6 matrix.

drawhudsonnet(M) with no output arguments handling produces a Hudson plot and immediately projects
moment tensor data onto Hudson plot.

12.3 Examples
The following code generate a Hudson plot and project single moment tensor in the form [1 0 0; 0 1 0; 0 0
0] onto it:

drawhudsonnet(eye(3));
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Python:

import numpy as np
from hybridmt.plots import plot_hudson, hudson_uv
ax = plot_hudson(None, np.eye(3))

The following code generates a Hudson plot and projects three moment tensors onto it. The three moment
tensors correspond to pure positive Isotropic, double-couple and negative CLVD moment tensor:

drawhudsonnet([1 0 0 1 0 1; 0 0 1 0 0 0; 1 0 0 1 0 -2]);
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Python:

M = [[1, 0, 0, 1, 0, 1], [0, 0, 1, 0, 0, 0], [1, 0, 0, 1, 0, -2]]
ax = plot_hudson(None, M)
u, v = hudson_uv(M)

12.4 See also
project_stereonet | drawstereonet
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13. drawstereonet

Stereonet plot

13.1 Syntax
drawstereonet;
[X,Y] = drawstereonet(AZIMUTH, TAKEOFF)
[X,Y] = drawstereonet(AZIMUTH, TAKEOFF, 'PropertyName',PropertyValue, ...)

13.2 Description
Use drawstereonet to generate either equal-area or equal-angle stereonet plot and optionally project points
onto the created stereonet.

drawstereonet generates stereonet plot using default values. Use '_ParamName_'-_ParamValue_ pairs to
adjust plot characteristics.

[X,Y] = drawstereonet(AZIMUTH, TAKEOFF) projects matrices AZIMUTH and TAKEOFF (of the same size) and
returns X and Y matrices of the same size. X and Y can be then used to plot points onto the stereonet.

[X,Y] = drawstereonet(AZIMUTH, TAKEOFF, 'PropertyName',PropertyValue, ...) allows to specify additional
parameters.

13.3 Parameters
Projection - Stereographic projection

'schmidt' (default) | 'wullf'

Defines projection type for graphical representation of the seismic moment tensor inversion (beach ball). The
user may use 'schmidt' (equal area) or 'wullf' (equal angle) projection to plot the beach ball.

Scale - Plotting scale

1.0 (default) | positive scalar value

Defines the maximum radius of created plot.

Grid - Toggle on/off plotting of grid

'on' (default) | 'off'

Allows to toggle on/off generation of grid.

GridColor - Grid color

colorspec

Allows to specify grid color.



81

GridStepAzimuth - Specify step for grid creation

30 (default) | positive scalar value (<360)

Allows to specify step for plotted grid (along azimuth).

GridStepPlunge - Specify step for grid creation

15 (default) | positive scalar value (<360)

Allows to specify step for plotted grid (along plunge or takeoff angle).

Location - Shift origin of stereonet

[0 0] (default) | two-element horizontal vector

Allows to specify the relative shift of stereonet origin. This may be used to plot multiple stereonet plots in the
same figure.

13.4 Examples
The following code produces bare stereonet plot with red gridlines that has the azimuthal span of gridlines of 10
degrees:

drawstereonet('GridColor','r','GridStepAzimuth',10);
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The following code produces stereonet plot and projects four points onto the created plot using Schmidt (equal-
area) projection:

drawstereonet([10 20 30 40],[50 60 70 80],'Projection','schmidt');

The following code just projects input data using default projection and return the output in [X,Y] vectors:

[X,Y] = drawstereonet([10 20 30 40],[50 60 70 80]);

13.5 See also
drawhudsonnet | project_stereonet
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14. focimt

Perform seismic moment tensor inversion in time domain.

14.1 Syntax
focimt(Input)
focimt(Input,'PropertyName',PropertyValue, ...)
[Solution, Input] = focimt(...)

Python syntax (see Python interface)

result = focimt(input)
result = focimt(input, option=value, ...)
Solution, Input = result.solution, result.input

14.2 Description
Use focimt to perform the seismic moment tensor inversion using fociMT application via MATLAB interface.
The function wraps the input and output of data for fociMT executable and provide a convenient interface
between MATLAB and fociMT application.

focimt(Input) reads input data and performs moment tensor inversion using fociMT software and default
processing parameters. The input array can be either a path to the formatted ASCII input file or Input cell array.

focimt(Input,'PropertyName',PropertyValue, ...) allows to specify additional parameters in a form of
PropertyName-PropertyValue pairs.

[Solution, Input] = focimt(...) returns final moment tensor solutions in a form of cell array Solution as well
as input cell array Input.

14.3 Additional information
For an up-to-date information on software package, see the following website: http://www.induced.pl/focimt.

14.4 Parameters
BeachBallSize - Beach ball figure size

300 (default) | scalar value

Defines size of graphical representation of seismic moment tensor solution exported by fociMT software in
arbitrary units. For raster formats the value corresponds to pixels.

BeachBallFormat - Beach ball figure file format

'NONE' (default) | 'PNG' | 'SVG' | 'PDF' | 'PS'

Defines format of graphical representation of the seismic moment tensor file (beach ball). By default, no output
file is exported. Multiple file formats can be specified by appending the comma or any other delimiter, e.g.
'PNG,SVG,PS' parameter value will export beach balls in three different file formats at once.

http://www.induced.pl/focimt
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Bootstrap - Obsolete alias of Resample

[] (default) | 1-by-2 ... 1-by-5 element vector

Kept for compatibility with older scripts. Use Resample instead.

CorrectStation - Allows to provide a constant multiplier factor to input amplitudes

cell([]) (default) | {'stationname1',factor1,'stationname2',factor2,...}

Allows to provide a constant multiplication factor to input seismic moments for a specific station or stations. This
can be useful when one want to correct a specific station for bad polarity or bad gain value. Also, this parameter
is useful while performing the hybrid moment tensor inversion with corrected gains.

Decomposition - Method used for seismic moment tensor decomposition

'JostHerrmann' (default) | 'Vavrycuk'

By default the output structure array contains moment tensor decomposition into ISO, CLVD and DC parts
following Jost and Herrmann approach. The alternative method for moment tensor decomposition following
Vavrycuk's (2001) approach may be used instead.

DoubleCoupleColor - Color of best double-couple line

1-by-3 vector [R G B] | 1-by-4 vector [R G B A]

Determines color of double-couple line for the best solution. The color vector may be provided either as 1-by-3
element vector containty R, G, B intensities (with 0.0 and 1.0 denoting no and full color component intensity,
respectively). The alternative option is to provide 1-by-4 element vector where the fourth parameter determines
the color transparency (0.0 - full transparent, 1.0 - opaque).

DrawSolution - Plot focal mechanism or moment tensor solution

empty vector (default) | 1-by-3 element vector | 1-by-6 element vector

Draw seismic moment tensor solution as a beach ball and exits program. The mechanism can be specified as
1-by-3 element vector containing strike, dip and rake of the fault plane in degrees. Alternatively, the User may
provide 1-by-6 element vector which will be interpreted as moment tensor components following AKI
convention: [M11 M12 M13 M22 M23 M33]. The beach ball will be generated as PNG image.

DrawStations - Stations to be drawn on the beach ball in the drawing mode

{} (default) | cell array of cell arrays {azimuth, takeoff, polarity, 'name'}

Used together with DrawSolution: the stations are overlaid on the beach ball of the solution that is drawn.
Each station is a cell array containing the azimuth and takeoff angle (degrees), the polarity (+1 or -1) and the
station name, e.g. {{45,60,1,'S01'},{200,35,-1,'S02'}}.

IgnoreStation - Ignored station(s) list



85

{} (default) | cell array | string

Use this parameter to specify a list of stations that should be rejected from seismic moment tensor inversion.
Single station can be specified as string. If multiple stations are meant to be rejected they must be provided as
cell array of strings.

Jacknife - Perform station rejection test

'off' (default) | 'on'

Performs station rejection 'Jacknife' test. In this procedure in the first step the seismic moment tensor inversion
is performed using all available stations. Then, the inversion is performed n more times (where n is the number
of stations), and each time different station is removed before inversion is performed. See Examples section for
details.

Hemisphere - Hemisphere projection

'lower' (default) | 'upper'

Allows to specify whether the obtained fault plane solution is projected onto 'lower' or 'upper' part of the
hemisphere in graphical representation of the seismic moment tensor solution (beach ball). Seismological
convention, and the default value of this parameter is lower hemisphere projection.

LabelColor - Color of station labels

1-by-3 vector [R G B] | 1-by-4 vector [R G B A]

Determines color of station labels. The color vector may be provided either as 1-by-3 element vector containty
R, G, B intensities (with 0.0 and 1.0 denoting no and full color component intensity, respectively). The
alternative option is to provide 1-by-4 element vector where the fourth parameter determines the color
transparency (0.0 - full transparent, 1.0 - opaque).

MinimumPhases - Minimum number of phases to calculate moment tensor solution

8 (default) | scalar value > 0

Specifies minimum number of phases to perform the moment tensor inversion.

MinusColor - Color of negative station amplitudes

1-by-3 vector [R G B] | 1-by-4 vector [R G B A]

Determines color of negative station amplitudes. The color vector may be provided either as 1-by-3 element
vector containty R, G, B intensities (with 0.0 and 1.0 denoting no and full color component intensity,
respectively). The alternative option is to provide 1-by-4 element vector where the fourth parameter determines
the color transparency (0.0 - full transparent, 1.0 - opaque).

Norm - Optimization norm

'L2' (default) | 'L1'
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Defines norm of the cost function as well as the algorithm that is used to perform the seismic moment tensor
inversion with fociMT software. By default the seismic moment tensor is performed using L2 norm (faster).
However, if input data contains large amplitude misreadings, the user can choose L1 norm which is less prone
to larger errors.

NormalFaultColor - Color of double-couple line for normal fault

1-by-3 vector [R G B] | 1-by-4 vector [R G B A]

Determines color of double-couple lines for normal fault. The color vector may be provided either as 1-by-3
element vector containty R, G, B intensities (with 0.0 and 1.0 denoting no and full color component intensity,
respectively). The alternative option is to provide 1-by-4 element vector where the fourth parameter determines
the color transparency (0.0 - full transparent, 1.0 - opaque).

PShadingColor - Color of compression axis shading

1-by-3 vector [R G B] | 1-by-4 vector [R G B A]

Determines color of compression axis shading. The color vector may be provided either as 1-by-3 element
vector containty R, G, B intensities (with 0.0 and 1.0 denoting no and full color component intensity,
respectively). The alternative option is to provide 1-by-4 element vector where the fourth parameter determines
the color transparency (0.0 - full transparent, 1.0 - opaque).

PlotAxes - Axes plotting on the beach ball.

'off' (default) | 'on'

Toggle on/off plotting cardinal P/T axes on graphical representation of the seismic moment tensor.

PlotCross - Center cross plotting on the beach ball.

'off' (default) | 'on'

Toggle on/off plotting of the center cross on graphical representation of the seismic moment tensor.

PlotDC - Nodal lines plotting on the beach ball.

'off' (default) | 'on'

Toggle on/off plotting of the nodal lines on graphical representation of the seismic moment tensor.

PlotStations - Stations plotting on the beach ball.

'off' (default) | 'on'

Toggle on/off plotting stations on graphical representation of the seismic moment tensor.

PlusColor - Color of positive station amplitudes

1-by-3 vector [R G B] | 1-by-4 vector [R G B A]
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Determines color of positive station amplitudes. The color vector may be provided either as 1-by-3 element
vector containty R, G, B intensities (with 0.0 and 1.0 denoting no and full color component intensity,
respectively). The alternative option is to provide 1-by-4 element vector where the fourth parameter determines
the color transparency (0.0 - full transparent, 1.0 - opaque).

Projection - Projection type

'schmidt' (default) | 'wullf'

Defines projection type for graphical representation of the seismic moment tensor inversion (beach ball). The
user may use 'schmidt' (equal area) or 'wullf' (equal angle) projection to plot the beach ball.

ProjectDir - Specify output project directory

'' (default) | 'directoryname' (valid directory name)

Use ProjectDir to specify output directory for text files, graphical representations of moment tensor inversion
and other files. Also, the input data table (if exists) is copied to this directory after the inversion. The input
parameters and the solution are saved in Params.mat and Solution.mat files located in this directory. If
ProjectDir is not specified, no Params.mat and Solution.mat files are written. The directory must not exist; it is
created once the input data have been read successfully.

QuickResample - Read only the first three solutions of each resampling run

'off' (default) | 'on'

When turned on, only the original, the error-minimum and the RMS-minimum solutions of the resampled runs
are returned (-db option of the focimt application) which makes the processing of large resampling runs faster.
The amplitudes UMEASURED and UTH of the first three solutions only are read back.

Resample - Perform additional moment tensor inversions using resampled input datasets

[] (empty array) | 1-by-2 or 1-by-3 or 1-by-4 or 1-by-5 element vector V

The first element V(1) of vector V specified the number of resamplings of the original input phase dataset. The
input data will be randomly resampled N times and the inversion will be performed for all randomly resampled
datasets as well as for the original dataset. This will then result in N+1 moment tensor inversion solutions with
the first solution calculated from the unperturbed original dataset and the following solutions calculated from
resampled datasets.

When V(2) is greater than 0, on average V(2)*100% input phase data polarities will be reversed (equivalent of -
rp option in focimt command line application). The typical value of V(2) is e.g. 0.03 (which means about 3% of
input phase data polarities will be reversed).

When V(3) is greater than 0, on average V(3)*100% input phase data will be removed (equivalent of -rr option
in focimt command line application). This option is somehow similar to the Jacknife Test, however now more
than one station may be removed from input phase data, as it is controlled by the V(3) parameter. For example,
if one want to asses how the removal of up to 5% of input phase data affects the moment tensor inversion
results, the value of V(3) should be 0.05.
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When V(4) value is greater than 0, all input amplitudes in resampled input phase data will be randomly
perturbed. Each amplitude of resampled input data is modified using the following formula:

, where N(0,1) means a random sample drawn from the Gaussian distribution
of mean 0 and standard deviation 1. Note that the random number drawn is scaled by a constant factor of 3.0.
The option is equivalent to -ra option in focimt application.

Finally, when V(5) parameter is larger than 0, the input takeoff angle data will be randomly biased. Similarly to
the Amplitude Resampling, the takeoff angle of each phase is modified using the following formula:

, where N(0,1) means a random sample drawn from Gaussian distribution of mean
0 and standard deviation 1. The takeoff angle resampling may be used to simulate the uncertainties in the
velocity model. The typical values should not exceed a couple of degrees.

Solutions - Type of seismic moment tensor inversions to perform

'FTD' (default) | 'F' | 'T' | 'D' | 'FT' | 'TD' | 'FD'

By default, three types of seismic moment tensors are calculated: 1) full (unconstrained) moment tensor
(character 'F'), deviatoric moment tensor (character 'T') with no volumentric change (i.e. trace = 0) and double-
couple constrained seismic moment tensor (character 'D'), where both trace and determinant of the tensor are
0. The user may wish to constrain the output tensors to only selected MT types to reduce the amount of output
data.

StrikeSlipFaultColor - Color of double-couple line for strike-slip fault

1-by-3 vector [R G B] | 1-by-4 vector [R G B A]

Determines color of double-couple lines for strike slip fault. The color vector may be provided either as 1-by-3
element vector containty R, G, B intensities (with 0.0 and 1.0 denoting no and full color component intensity,
respectively). The alternative option is to provide 1-by-4 element vector where the fourth parameter determines
the color transparency (0.0 - full transparent, 1.0 - opaque).

ThrustFaultColor - Color of double-couple line for thrust fault

1-by-3 vector [R G B] | 1-by-4 vector [R G B A]

Determines color of double-couple lines for thrust fault. The color vector may be provided either as 1-by-3
element vector containty R, G, B intensities (with 0.0 and 1.0 denoting no and full color component intensity,
respectively). The alternative option is to provide 1-by-4 element vector where the fourth parameter determines
the color transparency (0.0 - full transparent, 1.0 - opaque).

TShadingColor - Color of tension axis shading

1-by-3 vector [R G B] | 1-by-4 vector [R G B A]

Determines color of tension axis shading. The color vector may be provided either as 1-by-3 element vector
containty R, G, B intensities (with 0.0 and 1.0 denoting no and full color component intensity, respectively). The
alternative option is to provide 1-by-4 element vector where the fourth parameter determines the color
transparency (0.0 - full transparent, 1.0 - opaque).

VelocityModel - Input 1D velocity model
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[] (default) | n-by-2 matrix

Allows to provide a 1D velocity model as n-by-2 matrix where first column corresponds to tops of the layers
(km) and second column contains the velocities of the layers (km/s). When this parameter is specified it is
assumed the input file is provided in 1D velocity model format.

Verbose - Display additional output in console window

'off' (default) | 'on'

Turns on/off the display of additional processing information in console window.

14.5 Notes
The focimt application returns the exit status 0 even when the input data are invalid. Therefore focimt.m
checks that the solution files were produced and stops with the error FOCIMT:no_output (displaying the output
and the exit status of the application) otherwise. An input file with a repeated event ID is rejected with the error
FOCIMT:duplicate_event, because the event ID is used as a file name of the beach balls. The temporary files
are removed also when an error occurs. If one station provides several readings in an event, the n-th reading of
the station in the solutions is assigned to the n-th column of UMEASURED and UTH.

Beach balls are written to the current directory (or to ProjectDir when it is given) as EVENT_ID-full.png,
EVENT_ID-deviatoric.png and EVENT_ID-dc.png (EVENT_ID is the event ID).

14.6 Examples
Example 1

Use sample input fociMT file example1.txt and perform the seismic moment tensor inversion using default
parameters. Then we gather the output data and input data in two cell array structures:

[Output, Input] = focimt('./examples/example1.txt');
Input
Output

Input =
  1x1 cell array
    {1x1 struct}
Output =
  1x1 cell array
    {1x1 struct}

As the input data contains single seismic event, both Output and Input are cell arrays with only one element
corresponding to the processed seismic event. To see the particular seismic moment tensor solution from the
particular seismic events, use cell indexing access:

Output{1}

ans = 
  struct with fields:

          event_id: 'example1_ev01'
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          n_trials: 1
    calculation_dt: 7.4026e+05
              full: [1x1 struct]
        deviatoric: [1x1 struct]
                dc: [1x1 struct]

The seismic moment tensor solution for a particular event contains in fact three types of seismic moment
tensors: the full moment tensor, the deviatoric (trace-null) moment tensor and the double-couple moment
tensor. They can be accessible by inspecting full, clvd and dc structures, of the cell array element. For
example, to see the full moment tensor inversion result, you have to access:

Output{1}.full

ans = 
  struct with fields:

          Type: {'N'}
    STATION_ID: 0
           ISO: 4.7772
          CLVD: 29.8920
            DC: 65.3308
            M0: 1.3183e+12
            MT: 1.3322e+12
      M0ERRMAX: 5.7314e+10
            MW: 2.0133
             P: [350.5200 72.6106]
             T: [215.4180 12.5082]
             B: [122.7420 11.8848]
            F1: [115.3490 58.5574 -103.9690]
            F2: [320.8430 34.1130 -68.4559]
         Fault: {'NF'}
           MXX: [1x6 double]
           CXX: [1x6 double]
      RMSERROR: 0.4308
       Station: {1x21 cell}
     Component: {1x21 cell}
     UMEASURED: [1x21 double]
           UTH: [1x21 double]

The input data originally available inside input file example1.txt are interpreted internally in focimt.m function
and are returned in the second output parameter of the routine:

Input{1}

ans = 
  struct with fields:

      event_id: 'example1_ev01'
      n_phases: 21
        format: 'raw'
    matrixmode: 1
       Station: {21x1 cell}
     Component: {21x1 cell}
         Phase: {21x1 cell}
         OMEGA: [21x1 double]
       AZIMUTH: [21x1 double]
           AOI: [21x1 double]
       TAKEOFF: [21x1 double]
             V: [21x1 double]
             R: [21x1 double]
       DENSITY: [21x1 double]
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Python:

from hybridmt import focimt
result = focimt('./examples/example1.txt')
Output, Input = result.solution, result.input
Output[0].full            # the full moment tensor solution of the first event
Input[0]                  # the input data actually inverted

Example 2

We can create a graphical representation of the seismic moment tensor in a form of a beach ball plot. In this
case, we have to execute focimt.m routine with additional properties. For example, the following code will
perform the moment tensor inversion and three pictures in PNG format will be generated:

focimt('./examples/example1.txt','BeachBallFormat','PNG');

Python:

focimt('./examples/example1.txt', beach_ball_format='PNG')

The code above produce three pictures, one for each type of moment tensor solution:
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The available formats are PNG, PDF, PS and SVG. The graphical representation of the moment tensor solution
can be customized using different properties: Use BeachBallSize property to generate the picture of the certain
size. The Projection parameter controls the type of stereonet projection (either equal area or equal angle
projections is available). Finally, the Hemisphere parameters allows to choose between lower (default) or upper
hemisphere projection. a beach. You can combine the properties to obtain the desired figure shape. For
example:

focimt('./examples/example1.txt','BeachBallFormat','PDF','Projection','wullf','Hemisphere','upper');

will produce the upper hemisphere equal-angle stereonet projection of the seismic moment tensor solution in
PDF format.

Python:

focimt('./examples/example1.txt', beach_ball_format='PDF', projection='wulff', hemisphere='upper')

Example 3
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In this example we perform the seismic moment tensor inversion of two events using Jacknife test to check the
stability of both inversions. We export the solution to SVG files and slightly modify the output figure size. Note
that the SVG vector format is a convenient way to present your results on web pages, as nowadays it is
supported by all web browsers:

focimt('./examples/example2_raw.txt','BeachBallFormat','SVG','BeachBallSize',250,'Jacknife','on');

Python:

focimt('./examples/example2_raw.txt', beach_ball_format='SVG', beach_ball_size=250, jacknife=True)

The resulting graphical representation of the seismic moment tensor inversion solutions for the first seismic
event look as follows:
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The first seismic moment tensor solution corresponds to the uncostrained (full) moment tensor. The second
solution presents the seismic moment tensor that was constrained to not to have the volumetric changes (i.e.
the trace of the tensor was forced to be 0 during inversion). This solution correspond to the seismic moment
tensor containing only CLVD (compensated linear vector dipole) and DC (double-couple) components. Finally,
the last figure presents the DC constrained moment tensor (the determinant and trace of the tensor is kept to
be null during inversion).

The resulting focal mechanisms contains additional nodal lines. Each line corresponds to a different moment
tensor solution calculated using input data will all but one station. Therefore, in addition to the original seismic
moment tensor solution, there is N more nodal lines where N is the number of stations (or phases) picked.

The Jacknife test is useful to determine whether removal of a particular station strongly affects the seismic
moment tensor inversion results. In this case, the particular Jacknife solution will likely differ significantly from
the remaining ones. This can be a useful test to detect bad stations.

Example 4

We perform the moment tensor inversion using the built-in 1D velocity model ray-tracer. When 1D velocity
model and 1D ray-tracer is used, the input data must be provided using different file format. We firstly define the
velocity model:

VMODEL = [0.00 3.00 8.00 20.00 22.00; 4.10 5.47 5.75 6.02 7.90]';

The velocity model matrix is composed of two colums. The elements in the first column correspond to layer tops
(in km) and the elements from the second column to P-wave velocity (km/s). Once we have the velocity model,
we can perform the moment tensor inversion:

focimt('./examples/example2_1d.txt','BeachBallFormat','PNG','BeachBallSize',250,'VelocityModel',VMODEL);

Python:
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import numpy as np
vmodel = np.array([[0.00, 4.10], [3.00, 5.47], [8.00, 5.75], [20.00, 6.02], [22.00, 7.90]])
focimt('./examples/example2_1d.txt', beach_ball_format='PNG', beach_ball_size=250, velocity_model=vmodel)

As the input phase data were the same as in example 3 (only the input format has changed), the resulting
moment tensor solutions are identical:
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14.7 See also
hybridmt | readraw | readvel1d | genmt_raw | genmt_vel1d
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15. genmt_raw

Generate synthetic event/phase data for focimt in RAW ASCII format

15.1 Syntax
genmt_raw(STRIKE, DIP, RAKE)
genmt_raw(STRIKE, DIP, RAKE, TENSILE_ANGLE)
genmt_raw(STRIKE, DIP, RAKE, ...)

15.2 Description

% Use |genmt_raw| to generate a synthetic amplitude data for the purpose of
% seismic moment inversion with focimt. The point source is assumed and the
% radiation formula of shear-tensile source model are used to calculate the
% expected amplitudes of first P-wave phase located at certain AZIMUTH and
% TAKEOFF angle from the source.

genmt_raw(STRIKE, DIP, RAKE) generates synthetic event and phase data for double-couple event(s) with focal
mechanism(s) specified by STRIKE, DIP and RAKE vectors. The input vectors must be of the same size and
the provided angles must follow standard seismological convention with respect to fault plane parameters.

genmt_raw(STRIKE, DIP, RAKE, TENSILE_ANGLE) allows to specify the tensile angle for every fault plane [see
refs 1,2,3 for details]. The negative tensile angles correspond to shear-compaction (with -90 degrees
corresponding to MODE-I closing) whereas posivitive angles correspond to shear-opening (with +90 degrees
corresponds to MODE-I opening). The tensile angle 0 degrees correspond to pure shear motion.

genmt_raw(STRIKE, DIP, RAKE, ...) allows to specify additional parameters in a form of 'ParamName',
ParamValue pairs.

15.3 Parameters
Azimuth - Azimuth of stations

[20 80 140 200 260 320] (default) | 1-by-n vector of floating point values

Input vector of azimuth of stations. This vector, together with Takeoff vector is used to generate a mesh grid of
stations [TAKEOFF, AZIMUTH] = meshgrid(Takeoff, Azimuth) locate at certain azimuth and takeoff angles from
the source.

Distance - Distance between station(s) and earthquake hypocenter

3000 (default) | positive scalar value

Distance between stations and earthquake hypocenter specified in meters. This value is used as geometrical
spreading factor to reduce the amplitude of first P-wave onset by a factor .

Density - Rock density in hypocenter

2700 (default) | positive scalar value
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Density of rocks in the source in . This value is used to calculate actual ground motions at a certain
distance from the source.

FileName - Output file name

'default.txt' | string

Allows to specify output file name.

MomentMagnitude - Moment magnitude

pi | positive scalar

Allows to specify the moment magnitude of generated synthetic earthquakes.

PickLost - Pick ratio

0.0 | scalar value 0.0-1.0

The percentage of phase data that will be removed from randomly generated input dataset.

PoissonRatio - Poisson's ratio

0.25 | positive scalar value

The Poisson's ratio of rocks in the hypocentral area.

StationBias - Station bias factor(s)

empty matrix | n-by-2 matrix

Allows to apply constant gain factors to particular station or stations. The parameter value is n-by-2 matrix
where elements in first column correspond to index of stations and elements in second column determine their
corresponding gains. This parameter may be used to simulate a persistent bias in amplitude readings at
particular station or stations including polarity switch.

Takeoff - Takeoff angles

[20 150 50 100] | 1-by-n vector of floating point values

Input vector of takeoffs of stations. This vector, together with Azimuth vector is used to generate a mesh grid of
stations [TAKEOFF, AZIMUTH] = meshgrid(Takeoff, Azimuth) locate at certain azimuth and takeoff angles from
the source.

Velocity - P-wave velocity in the source

5000 | positive scalar value

Allows to specify P-wave velocity in the hypocentral area. The value should be provided in m/s.
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15.4 Examples
In this example we generate a set of 50 events with randomly sampled strikes, dips and rakes of fault planes
and varying tensile angle. As default function arguments for Azimuth and Takeoff will be used, the recorded
amplitudes will be calculated for 24 stations spanning the whole focal sphere. In addition, 40% of phase data
will be removed randomly in order to simulate lack of phase onsets on selected stations. Finally, the amplitudes
recorded at station 5, 10 and 15 will be multiplied by a constant factor 0.2, 2 and 1/3, respectively in order to
simulate gain problems with stations:

n = 50;
STRIKE = round(rand(1,n) * 359);
DIP = round(rand(1,n) * 90);
RAKE = round(rand(1,n) * 360 - 180);
ALPHA = round(rand(1,n) * 40 - 20);
genmt_raw(STRIKE,DIP,RAKE,ALPHA,'FileName','example4.txt','PicksLost',0.4,'StationBias',[5 0.2; 10 2; 15 1/
3]);

15.5 See also
rpgen | readraw | focimt

15.6 References
[1] Kwiatek, G. and Y. Ben-Zion (2013). Assessment of P and S wave energy radiated from very small shear-
tensile seismic events in a deep South African mine. J. Geophys. Res. 118, 3630-3641, doi: 10.1002/jgrb.50274

[2] Ou, G.-B., 2008, Seismological Studies for Tensile Faults. Terrestrial, Atmospheric and Oceanic Sciences
19, 463.

[3] Vavryčuk, V., 2001. Inversion for parameters of tensile earthquakes.” J. Geophys. Res. 106 (B8): 16339–
16355. doi: 10.1029/2001JB000372.
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16. genmt_vel1d

Generate synthetic event/phase data for focimt in 1D velocity model ASCII format

16.1 Syntax
genmt_vel1d(STRIKE, DIP, RAKE)
genmt_vel1d(STRIKE, DIP, RAKE, TENSILE_ANGLE)
genmt_vel1d(STRIKE, DIP, RAKE, ...)

16.2 Description

% Use |genmt_vel1d| to generate a synthetic amplitude data for the purpose of
% seismic moment inversion with focimt. The point source is assumed and the
% radiation formula of shear-tensile source model are used to calculate the
% expected amplitudes of first P-wave phase located at certain AZIMUTH and
% TAKEOFF angle from the source.

genmt_vel1d(STRIKE, DIP, RAKE) generates synthetic event and phase data for double-couple event(s) with
focal mechanism(s) specified by STRIKE, DIP and RAKE vectors. The input vectors must be of the same size
and the provided angles must follow standard seismological convention with respect to fault plane parameters.

genmt_vel1d(STRIKE, DIP, RAKE, TENSILE_ANGLE) allows to specify the tensile angle for every fault plane [see
refs 1,2,3 for details]. The negative tensile angles correspond to shear-compaction (with -90 degrees
corresponding to MODE-I closing) whereas posivitive angles correspond to shear-opening (with +90 degrees
corresponds to MODE-I opening). The tensile angle 0 degrees correspond to pure shear motion.

genmt_vel1d(STRIKE, DIP, RAKE, ...) allows to specify additional parameters in a form of '_ParamName_',
ParamValue pairs.

16.3 Parameters
Density - Rock density in hypocenter

2700 (default) | positive scalar value

Density of rocks in the source in . This value is used to calculate actual ground motions at a certain
distance from the source.

Easting - Locations of stations

meshgrid(-10000:5000:10000) | floating point matrix

Allows to specify the Easting components of recording station locations in local Cartesian coordinate system.
The stations are by default located at the surface (altitude = 0m). The values are provided in meters.

EventDepth - Hypocentral depth

1500 | positive scalar value
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Allows to specify hypocenter depth (in meters, measured from the Earth surface). The epicentral location is
fixed to Northing = 0 m and Easting = 0 m.

FileFormat - Output format file

'vel1d' | 'raw'

Allows to determine the output file format. By default, the synthetic phase data are saves in 1D velocity model
ASCII format. However, it is also possible to generate the output file in RAW format, similarly to the one that
can be generated using genmt_raw routine.

FileName - Output file name

'default.txt' | string

Allows to specify output file name.

MomentMagnitude - Moment magnitude

pi | positive scalar

Allows to specify the moment magnitude of generated synthetic earthquakes.

Northing - Locations of stations

meshgrid(-10000:5000:10000) | floating point matrix

Allows to specify the Northing components of recording station locations in local Cartesian coordinate system.
The stations are by default located at the surface (altitude = 0m). The values are provided in meters.

PickLost - Pick ratio

0.0 | scalar value 0.0-1.0

The percentage of phase data that will be removed from randomly generated input dataset.

PoissonRatio - Poisson's ratio

0.25 | positive scalar value

The Poisson's ratio of rocks in the hypocentral area.

StationBias - Station bias factor(s)

empty matrix | n-by-2 matrix

Allows to apply constant gain factors to particular station or stations. The parameter value is n-by-2 matrix
where elements in first column correspond to index of stations and elements in second column determine their
corresponding gains. This parameter may be used to simulate a persistent bias in amplitude readings at
particular station or stations including polarity switch.
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VelocityModel - P-wave velocity model

[0.00 3.00 8.00 20.00 22.00; 4.10 5.47 5.75 6.02 7.90]' | n-by-2 matrix

Allows to specify P-wave velocity velocity model for 1D ray-tracing routine. The elements in the first column and
the second column correspond the tops of layers (km) and P-wave velocities (km/s), respectively.

16.4 Examples
The following example will generate synthetic phase data for two events using two different ASCII formats
readable by focimt application:

n = 2;
STRIKE = round(rand(1,n) * 359);
DIP = round(rand(1,n) * 90);
RAKE = round(rand(1,n) * 360 - 180);
ALPHA = round(rand(1,n) * 40 - 20);
genmt_vel1d(STRIKE,DIP,RAKE,ALPHA,'FileName','example2_1d.txt');
genmt_vel1d(STRIKE,DIP,RAKE,ALPHA,'FileName','example2_raw.txt','FileFormat','raw');

Warning: File 'input.txt' not found. 
Warning: File 'output.txt' not found. 
Warning: File 'input.txt' not found. 
Warning: File 'output.txt' not found. 

16.5 See also
rpgen | readraw | focimt

16.6 References
[1] Kwiatek, G. and Y. Ben-Zion (2013). Assessment of P and S wave energy radiated from very small shear-
tensile seismic events in a deep South African mine. J. Geophys. Res. 118, 3630-3641, doi: 10.1002/jgrb.50274

[2] Ou, G.-B., 2008, Seismological Studies for Tensile Faults. Terrestrial, Atmospheric and Oceanic Sciences
19, 463.

[3] Vavryčuk, V., 2001. Inversion for parameters of tensile earthquakes.” J. Geophys. Res. 106 (B8): 16339–
16355. doi: 10.1029/2001JB000372.



103

17. getsolution

Extract parameter(s) from moment tensor solution output cell array

17.1 Syntax
[parameter_value1, ..] = getsolution(Solution, solutiontype, parameter_name1, ...)

Python syntax (see Python interface)

parameter_value1, .. = get_solution(Solution, solutiontype, parameter_name1, ...)

17.2 Description
Use getsolution to extract seismic moment tensor solution results from multiple seismic events at once.

17.3 Examples
Perform moment tensor inversion for 90 events using the sample data located in /examples directory:

Solution = focimt('./examples/example3.txt');

Python:

from hybridmt import focimt, get_solution
Solution = focimt('./examples/example3.txt').solution

The resulting Solution cell array contains 90 elements corresponding to 90 earthquake moment tensors
calculated. Now, to access the results of a particular moment tensor inversion we have to use indexing
operator, e.g.:

Solution{5}.full

ans = 
  struct with fields:

          Type: {'N'}
    STATION_ID: 0
           ISO: -31.2658
          CLVD: -47.9401
            DC: 20.7941
            M0: 5.6378e+14
            MT: 7.3059e+14
      M0ERRMAX: 2.4520e+13
            MW: 3.7674
             P: [329.9410 58.7743]
             T: [154.3800 31.1495]
             B: [63.1899 1.9677]
            F1: [62.7056 76.1782 -92.0264]
            F2: [251.1300 13.9667 -81.8213]
         Fault: {'NF'}
           MXX: [1x6 double]
           CXX: [1x6 double]
      RMSERROR: 0.3381
       Station: {1x14 cell}
     Component: {1x14 cell}
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     UMEASURED: [1x14 double]
           UTH: [1x14 double]

Note that the indexing starts at 0 in Python, so the 5th event is Solution[4].

Python:

Solution[4].full        # indexing starts at 0 in Python

provide us with results of FULL moment tensor inversion for the 5th seismic event.

Consider a scenario when the user wants to extract values of isotropic component from full moment tensor for
all events in bulk. This can be easily achieved by using the getsolution function:

ISO = getsolution(Solution,'full','ISO');

Python:

ISO = get_solution(Solution, 'full', 'ISO')

This will result in a vector composed of 90 elements where each element corresponds to the amount of
ISOTROPIC component from all 90 earthquakes for which the full seismic moment tensor was calculated. This
can be used for plotting the statistics of various parameters for the inverted dataset, e.g.:

hist(ISO)

Python:
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import matplotlib.pyplot as plt
plt.hist(ISO)

display the distribution of isotropic components in the analyzed dataset.

More parameters can be extracted in at once. For example, to extract moment magnitude and orientation of P
axes for DEVIATORIC moment tensor solutions, the following code may be executed:

[MW,P] = getsolution(Solution,'deviatoric','MW','P');

Python:

MW, P = get_solution(Solution, 'deviatoric', 'MW', 'P')

It is important to note that the order of input parameters ('MW','P' in the example above determines the order of
output parameters localted on the left side of the formula. Also, the names of input parameters to extract must
correspond to the names of variables in the structure array.

The function may be also used to extract general output data outside of 'full', 'deviatoric', and 'dc' structures
inside of each cell array element. For example, the general data contains the ID number of events:

Solution{1}

ans = 
  struct with fields:

          event_id: '004-03781'
          n_trials: 1
    calculation_dt: 7.4026e+05
              full: [1x1 struct]
        deviatoric: [1x1 struct]
                dc: [1x1 struct]

Python:

Solution[0]

To extract all ID numbers, the following code may be used:

ids = getsolution(Solution,'deviatoric','event_id');

Python:

ids = get_solution(Solution, 'deviatoric', 'event_id')   # list of strings

In this case, the second parameter ('deviatoric') is of no used, but still it must be set up to either 'full',
'deviatoric', or 'dc'.

17.4 See also
focimt | hybridmt
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18. hybridmt

Perform refinement of seismic moment tensors using Hybrid Moment Tensor approach.

18.1 Syntax
hybridmt(Input)
hybridmt(Input,'PropertyName',PropertyValue,...)
Solution = hybridmt(Input, varargin)

Python syntax (see Python interface)

result = hybridmt(input, iterations=40, weight=0.1, ...)
Solution, History = result       # result.solution, result.history

18.2 Description
Use hybridmt to perform the refinement of seismic moment tensor solutions forming a tight cluster using Hybrid
Moment Tensor technique. The MATLAB implementation of the Hybrid Moment Tensor technique is based on
the work: Andersen, L. M. (2001), "A relative moment tensor inversion technique applied to seismicity induced
by mining", PhD Thesis, Univ. of the Witwatersrand, Johannesburg.

hybridmt(Input) performs the refinement of seismic moment tensors provided in Input data (cell array or input
file name in raw or 1D velocity model ASCII format) using the default parameters.

Solution = hybridmt(Input) performs the refinement of seismic moment tensors provided in Input data (cell
array or input file name in raw or 1D velocity model format) using the default parameters. The refined seismic
moment tensors are returned in Solution cell array.

Solution = hybridmt(Input,'PropertyName',PropertyValue,...) allows to specify additional options to control
the routine execution.

18.3 Additional information
For an up-to-date information on software package, see the following website: http://www.induced.pl/hybridmt.

18.4 Parameters
CorrectStation - Allows to provide a constant multiplier factor to input amplitudes for particular station(s)

cell([]) (default) | {'stationname1',factor1,'stationname2',factor2,...}

Allows to provide constant multiplication factor to input seismic moments for a specific station or stations. This
can be useful when one wants to correct the specific station for bad polarity or bad gain value. Also, this
parameter is useful while performing the refinement of input seismic data using hybrid moment tensor inversion
with updated gain values.

AuxiliaryFigures - Create the summary figures at the end of the refinement

'on' (default) | 'off'

http://www.induced.pl/hybridmt
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When turned on, hybridmt_show draws the summary figures of the refinement (and stores them in the project
directory) after the last iteration. In Python the corresponding figures are drawn with
hybridmt.plots.plot_history.

Display - Display progress of the algorithm execution

'on' (default) | 'off'

Displays progress window.

FigureFormat - Format of output figures

'PNG' (default) | | 'SVG' | 'PDF' | 'PS'

Defines default format of output figures (excluding snapshot figures)

IgnoreStation - Ignored station(s) list

{} (default) | cell array | string

Use this parameter to specify the list of stations that will be rejected from seismic moment tensor inversion.
Single station can be specified as string. If multiple stations are meant to be rejected they must be provided as
cell array of strings.

Iterations - Number of iteration for hybridMT inversion

40 (default) | scalar > 0

Number of iteration steps in hybrid moment tensor inversion. The inversion typically needs at least 10 iteriations
to reduce the RMS error of seismic moment tensors to a reasonable level.

ProjectDir - Project directory name

'results' (default) | string (valid directory name)

Allows to specify the project directory where output files from hybrid moment tensor refinement will be stored.

SaveInput - Store the input data of each iteration

'on' (default) | 'off'

Saves the input data (with the amplitudes corrected so far) of each iteration to the project directory as
input_NNN.mat (input_NNN.txt in Python).

Snapshots - Store beach ball snapshots

'on' (default) | 'off'

Determines whether at each inversion step the routine creates a set of figures containing graphical
representation of the seismic moment tensor inversion (beach ball) for each event. The resulting figures are
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stored in subfolders of project directory. Turning this option on allows to trace the change in seismic moment
tensors solutions with progressing iterations. Turning this option on significantly slows down the perfomance of
the algorithm due to numerous pictures generated.

Solution - Seismic moment tensor type

'full' (default) | 'deviatoric' | 'dc'

Determines whether the seismic moment tensor refinement should be performed for calculated full, trace-null or
double-couple moment tensors. By default, the full seismic moment tensor inversion is performed.

RatioLimit - Theoretical/Observed seismic moment ratio limit

10 (default) | floating-point value > 1

In every iteration, the ratios between theoretical and observed seismic moments are calculated for all stations
and all seismic events that take part in hybrid moment tensor inversion. In the following, the median theoretical-
to-observed seismic moment ratios are calculated for each station separately. This parameter allows to ignore

events for which the ratio exceeds certain bounds according to the scheme: $

Weight - Correction weight in hybrid moment tensor inversion

0.1 (default) | 0.0 < floating point < 1.0

Weighting parameter

TestData - Input data test

'off' (default) | 'on'

This option forces program to perform only input data test.

VelocityModel - Input 1D velocity model

[] (default) | n-by-2 matrix

Allows to provide a 1D velocity model as n-by-2 matrix where first column corresponds to top of the layers (km)
and second column contains the velocities of layers (km/s). When this parameter is specified it is assumed the
input file is provided in 1D velocity model format.

MinPolarities - Minimum number of polarities per event

10 (default) | scalar >= 0

Events with fewer polarities in the trial moment tensor inversion are listed in the input data statistics (such
events should be considered for removal).

MinEvents - Recommended minimum number of events
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20 (default) | scalar >= 0

A note is displayed if the input data contains fewer events. The refinement requires at least two events.

PickRatio - Minimum fraction of events with a pick per station

0.5 (default) | scalar between 0 and 1

Stations with amplitudes picked in a smaller fraction of events are reported in the input data statistics.

PolarityMatchRatio - Minimum fraction of matching polarities per station

0.8 (default) | scalar between 0 and 1

Stations for which a smaller fraction of observed polarities match the theoretical ones are reported in the input
data statistics.

Notes

The Input can be either the name of the input file or an input cell array (see input cell array). Event
identifiers must be unique and a station (with its component) may occur only once in each event, otherwise an
error is raised. IgnoreStation and CorrectStation are applied already in the trial inversion, so the displayed
statistics describe the data that are actually used. The project directory must not exist; this is checked before
any calculation starts.

A single event cannot be refined and raises the error HYBRIDMT:single_event. A station that occurs more than
once in an event raises HYBRIDMT:duplicate_station. If no valid amplitude ratio exists for a station in an
iteration (NaN median), the warning HYBRIDMT:nan_ratio is issued and the amplitudes of that station are left
unchanged. Values MinPolarities, MinEvents, PickRatio and PolarityMatchRatio only control which entries
the input data statistics report.

18.5 Examples
Example 1

In this example we first generate an input data set of 50 focal mechanisms in fociMT raw format using auxilliary
routine genmt_raw.m. The generated fault planes will have random fault orientations. In addition, these focal
mechanism will have a certain (also random) amount of non-double-couple component controlled by tensile
angle ALPHA parameter ranging from 0 degrees (pure shear) to 90 degrees (pure tensile) DC component,
which is controlled by tensile angle ALPHA. The input file will be stored in input_synthetic.txt file.

n = 50;
STRIKE = round(rand(1,n) * 359);
DIP = round(rand(1,n) * 90);
RAKE = round(rand(1,n) * 360 - 180);
ALPHA = round(rand(1,n) * 40 - 20);
genmt_raw(STRIKE,DIP,RAKE,ALPHA,'FileName','input_synthetic.txt','PicksLost',0.4,'StationBias',[5 0.2; 10 2; 1
5 1/3]);

In addition, we introduced some bias to synthetic dataset. First, we assumed that 40 percents of randomly
selected stations will be in fact not picked successfully. Secondly, we introduced a PERSISTENT bias to
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amplitude readings at three stations: The amplitudes at fifth, tenth and fifteenth station will be multipled by
factoes 0.2, 2 and 1/3, respectively.

Example 2

We generate a synthetic set of 50 focal mechanism using shear-tensile source model (Vavryčuk, 2001) where
the source kinematics is described by four parameters: strike ( ), dip ( ), rake ( ) of the fault plane and the
tensile angle . The tensile angle describe the angle between the slip vector direction and the slip vector
projected on the fault plane with ,  and  corresponding to the pure tensile closing,
pure shear and pure tensile opening, respectively.

The fault plane parameters were randomly sampled assuming all possible focal mechanisms:

n = 50;
STRIKE = round(rand(1,n) * 359);
DIP = round(rand(1,n) * 90);
RAKE = round(rand(1,n) * 360 - 180);
ALPHA = round(rand(1,n) * 40 - 20);

The tensile angle was randomly selected between , which corresponds to the seismic moment
tensors containing approximately between -20 to +20 percent of isotropic and compensated linear vector dipole
components parts and up to 60 percent of the (remaining) double-couple component (the default Poisson’s ratio
equal to 0.25 is used in the genmt_raw.m routine):

genmt_raw(STRIKE,DIP,RAKE,ALPHA,'FileName','d_synthetic.txt','PicksLost',0.4,'StationBias',[5 0.2; 10 2; 15 1/
3]);

It is important to note that for the shear-tensile source model the following relation holds:

where  and  are Lamé’s constants and  and  are the percentages of ISO and CLVD components
calculated according to Vavryčuk (2001). It is also worth to note that the ratio on the left hand side of equation
must be always positive, i.e. the ISO and CLVD percentages must be of the same sign.

We assumed the isotropic medium with constant P-wave velocity. For each synthetic fault plane, the expected
P-wave amplitudes were calculated using radiation pattern formula (see description of rpgen.m) derived in (Ou,
2008; Kwiatek and Ben-Zion, 2013) at 24 stations that were perfectly covering the focal sphere. The initial
synthetic catalog was biased. First, for all events we intentionally biased the recorded first P-wave amplitudes
of three stations S05, S10 and S15 by introducing a constant multiplication factor of 5, 0.5 and 10, respectively
using the StationBias property. The latter procedure can be perceived as introduction of a constant factor to the
Green’s function observed at a certain station (e.g. site amplification or bad sensor gain value). Secondly, for
each seismic event we randomly removed 40 percent of first P-wave amplitudes simulating lack of P phase
arrivals on some stations using PickLost property. We assumed all generated earthquake formed a single
cluster and we used the generated data to perform the moment tensor refinement using hybridMT algorithm.

In the following, we execute the hybrid moment tensor refinement of the synthetic data by executing the
command:

%hybridmt('d_synthetic.txt','Snapshots','off','ProjectDir','synthetic');
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The generators genmt_raw and genmt_vel1d exist in MATLAB only; in the Python example the supplied synthetic
data set example5.txt is refined.

Python:

from hybridmt import hybridmt
Solution, History = hybridmt('./examples/example5.txt', iterations=10, snapshots=False,
                             display=False, project_dir='synthetic')
History.U              # correction factors of the stations (History.Stations)
History.RMS_ERROR      # RMS error of each event in each iteration

The comparison of MTI results using initial and biased catalogs, as well as the Hybrid Moment Tensor results is
presented in figure below. The source types of initial catalog on Hudson plot (left figure) are perfectly aligned as
predicted from equation above. The introduction of persistent bias to amplitude readings from three stations
S05, S10 and S15 resulted in scatter in estimated ISO, CLVD and DC components, as seen in the middle
picture. However, the application of Hybrid Moment Tensor technique allowed to detect biased stations and
suppress their effect resulting in improved quality of MT inversion, what is clearly seen while comparing the
results of Hybrid Moment Tensor-refined data (right figure) with the biased catalogs.
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The correction factors are nearly perfectly recovered as seen in the follwing figure. Also, during the course of
optimization, the RMS errors of MTs were significantly reduced.
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The Hybrid Moment Tensor technique is capable to detect the persistent bias introduced to recording station,
either in form of station (e.g. wrong gain), site (amplification) or path effects (e.g. velocity or attenuation
mismodelling). It is worth to note however, that it is not capable to account for wrong station polarity. However,
during the course of Hybrid Moment Tensor refinement the developed software package provide statistical
information on polarity match on each station by comparing the observed and predicted polarities. This allows
to detect stations with wrong polarities, stop the Hybrid Moment Tensor refinement procedure, easily introduce
the corrections to amplitude readings from "bad" stations and restart the refinement.

18.6 See also
focimt | readraw | readvel1d | genmt_raw.m | genmt_vel1d.m | rpgen
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19. hybridmt_show

Display results of Hybrid Moment Tensor refinement.

19.1 Syntax
hybridmt_show(output_dir, solution_type, figure_format)

Python syntax (see Python interface)

fig = plot_history(History)        # from hybridmt.plots

19.2 Description
hybridmt_show is an internal function to display results from Hybrid Moment Tensor refinement performed with
hybridmt.m.

19.3 See also
hybridmt
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20. hybridmt_summary

Summarize the performance of a Hybrid Moment Tensor refinement project.

20.1 Syntax
hybridmt_summary(projectdir, mt_solution_type)

Python (no function with this name; the same table is easy to make from the stored history)

H = load_history('results/history.npz')

20.2 Description
hybridmt_summary(projectdir, mt_solution_type) reads the solution files solution_NNN.mat (one for each
iteration) that hybridmt.m stored in the project directory projectdir and prints a table of all events, sorted by
the change of the RMS error of the moment tensor between the first and the last iteration (the events whose
RMS error increased are listed first). The function does not return any value.

The argument mt_solution_type is the type of the moment tensors that was refined: 'full', 'deviatoric' or
'dc', the same value as the Solution property of hybridmt.

20.3 Requirements
The project directory must contain one subdirectory for each event. hybridmt creates them when Snapshots or
AuxiliaryFigures is 'on' (the default of AuxiliaryFigures); otherwise the function stops with the error Not
enough events in iteration 1. The subdirectory !iterations is ignored. If the function cprintf (File
Exchange) is on the MATLAB path, the events with increased RMS error are printed in red; otherwise plain text
is printed.

20.4 Output
After the number of events and iterations the function prints one line per event with the following columns:

# - position in the table,

EIDX - index of the event (as in the project directory),

ID - event identifier,

RMS1, RMSF, dRMS - RMS error in the first and the final iteration and their difference,

RMS*, IIDX* - the minimum RMS error and the (last) iteration in which it occurred,

ISOF/CLVDF/DCF - ISO, CLVD and DC percentages in the final iteration,

ISO*/CLVD*/DC* - the same percentages in the iteration with the minimum RMS error.

20.5 Examples
Perform the refinement of the synthetic data set example5.txt and print the summary:

hybridmt('./examples/example5.txt','Iterations',4,'Snapshots','off','Display','off','ProjectDir','summary_dem
o');
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close all;
hybridmt_summary('summary_demo','full');

Preparing data for hybridMT inversion
 Number of events: 50
 Number of stations: 24
 -----------------------------------------------------------------------------------
 Station:         S01    S02    S03    S04    S05    S06    S07    S08    S09    S10
 % picked:         70     60     40     62     52     68     68     64     70     66
 % p.matched:      97     97    100    100    100    100     94    100     97    100
 -----------------------------------------------------------------------------------
 Station:         S11    S12    S13    S14    S15    S16    S17    S18    S19    S20
 % picked:         54     58     60     64     60     54     62     62     58     72
 % p.matched:     100     97     97     97     97     96    100     94    100    100
 -----------------------------------------------------------------------------------
 Station:         S21    S22    S23    S24
 % picked:         74     70     68     64
 % p.matched:      92     97     97     94
 -----------------------------------------------------------------------------------

 Warning: There are stations where amplitudes were picked rarely (<50% of events):
 S03 (40%)
 Consider ignoring these stations in inversion (use 'IgnoreStation' property)

Performing hybridMT inversion
 Iteration:   4/  4 |oooooooooooooooooooo| (100.0%)
 hybridMT inversion finished successfully
Generating summary figures
Project directory: summary_demo
Number of events detected: 50
Number of iterations detected: 4
Reading solution files
 File progress: summary_demo/solution_004.mat |oooooooooooooooooooo| (100.0%)
Generating summary figures (iterations)
 Figure progress:   4/  4 |oooooooooooooooooooo| (100.0%)
Generating summary figures (events)
 Figure progress:  50/ 50 |oooooooooooooooooooo| (100.0%)
hybridMT finished successfully
Project directory: summary_demo
Number of events detected: 50
Number of iterations detected: 4
Reading solution files
 File progress: summary_demo/solution_004.mat |oooooooooooooooooooo| (100.0%)
hybridMT Performance information
  # EIDX              ID  RMS1  RMSF  dRMS   RMS* IIDX*  ISOF/CLVDF/DCF  ISO*/CLVD*/DC*
  1   20     136_049_+66  0.00  0.01  0.01   0.00     1    49/   42/  9    50/   40/  9
  2   31    206_020_-131  0.00  0.01  0.01   0.00     1    -1/   -1/ 98     0/   -0/100
  3   12    087_042_+149  0.02  0.02  0.00   0.02     1     0/    2/ 97    -0/    1/ 99
  4    5    035_076_-144  0.03  0.03 -0.00   0.03     2    -0/    2/ 98    -0/    3/ 97
  5    4     029_046_+28  0.03  0.03 -0.00   0.03     4    47/   23/ 30    47/   23/ 30
  6    7     047_018_-86  0.06  0.05 -0.01   0.05     4     0/    1/ 99     0/    1/ 99
  7   16     126_044_+08  0.06  0.05 -0.01   0.05     4    48/   40/ 12    48/   40/ 12
  8   21    140_027_+139  0.15  0.14 -0.02   0.14     4   -10/   -9/ 81   -10/   -9/ 81
  9   26    175_072_+139  0.17  0.14 -0.03   0.14     4    51/   28/ 21    51/   28/ 21
 10   11    084_028_-142  0.14  0.11 -0.03   0.11     4     2/    2/ 96     2/    2/ 96
 11   19     133_056_-48  0.21  0.17 -0.03   0.17     4     1/   10/ 89     1/   10/ 89
 12   49     338_020_-59  0.15  0.11 -0.03   0.11     4   -23/  -26/ 51   -23/  -26/ 51
 13    8    061_088_+145  0.22  0.19 -0.04   0.19     4     3/    7/ 89     3/    7/ 89
 14   30    196_054_-169  0.20  0.17 -0.04   0.17     4    -2/  -11/ 87    -2/  -11/ 87
 15   39     278_024_-94  0.19  0.16 -0.04   0.16     4    53/   24/ 23    53/   24/ 23
 16   41    280_038_+110  0.18  0.14 -0.04   0.14     4    53/   29/ 18    53/   29/ 18
 17   25    162_037_-109  0.17  0.14 -0.04   0.14     4    -5/   25/ 70    -5/   25/ 70
 18   40    280_019_-166  0.23  0.19 -0.04   0.19     4     2/   -0/ 97     2/   -0/ 97
 19    3     021_039_+80  0.20  0.16 -0.04   0.16     4     2/    1/ 97     2/    1/ 97
 20   50     343_015_+65  0.23  0.19 -0.04   0.19     4    -1/    7/ 92    -1/    7/ 92
 21   38     267_054_+00  0.20  0.15 -0.04   0.15     4    56/    9/ 36    56/    9/ 36
 22   24     160_084_-04  0.19  0.15 -0.04   0.15     4    50/   34/ 16    50/   34/ 16
 23   45     295_039_-02  0.19  0.15 -0.04   0.15     4     1/    9/ 90     1/    9/ 90
 24    1    006_017_+100  0.24  0.19 -0.04   0.19     4    -0/   19/ 81    -0/   19/ 81
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 25   23    156_003_-170  0.23  0.19 -0.04   0.19     4    55/   11/ 34    55/   11/ 34
 26   14    110_066_-120  0.20  0.15 -0.04   0.15     4    47/   42/ 12    47/   42/ 12
 27   44     294_021_+00  0.21  0.16 -0.05   0.16     4    50/   27/ 23    50/   27/ 23
 28   27    183_044_+172  0.24  0.19 -0.05   0.19     4    51/    3/ 46    51/    3/ 46
 29   28     183_052_+77  0.26  0.21 -0.05   0.21     4    45/   27/ 28    45/   27/ 28
 30    6    040_053_+176  0.28  0.23 -0.05   0.23     4     3/    7/ 91     3/    7/ 91
 31   15     121_079_+64  0.31  0.26 -0.05   0.26     4     3/   14/ 83     3/   14/ 83
 32   18     132_027_+42  0.26  0.21 -0.05   0.21     4    41/   55/  5    41/   55/  5
 33   13     106_024_+88  0.26  0.21 -0.05   0.21     4    40/   41/ 19    40/   41/ 19
 34   48    337_056_-145  0.24  0.19 -0.05   0.19     4    55/   23/ 22    55/   23/ 22
 35   34     233_023_+72  0.25  0.20 -0.05   0.20     4    -4/   66/ 30    -4/   66/ 30
 36   46     323_050_-38  0.25  0.19 -0.05   0.19     4     1/   15/ 84     1/   15/ 84
 37   29    191_021_-154  0.26  0.20 -0.06   0.20     4    49/   42/  9    49/   42/  9
 38   17     127_083_+55  0.27  0.21 -0.06   0.21     4     2/   23/ 75     2/   23/ 75
 39   37     263_010_-60  0.34  0.28 -0.06   0.28     4    -2/  -13/ 86    -2/  -13/ 86
 40   33    231_087_-159  0.26  0.21 -0.06   0.21     4    49/   47/  3    49/   47/  3
 41   10     068_064_-07  0.28  0.22 -0.06   0.22     4    51/   39/ 11    51/   39/ 11
 42   42     285_041_-10  0.31  0.25 -0.06   0.25     4    60/   12/ 28    60/   12/ 28
 43   43    291_047_-165  0.28  0.22 -0.06   0.22     4    52/   28/ 20    52/   28/ 20
 44   36    247_020_+146  0.33  0.26 -0.07   0.26     4    55/   -8/ 37    55/   -8/ 37
 45   35    233_039_+141  0.32  0.25 -0.07   0.25     4    -1/  -17/ 82    -1/  -17/ 82
 46    9     066_011_+40  0.35  0.28 -0.07   0.28     4    54/   40/  6    54/   40/  6
 47    2     015_081_+77  0.35  0.28 -0.07   0.28     4     5/   -2/ 93     5/   -2/ 93
 48   32    225_029_+129  0.35  0.27 -0.07   0.27     4    54/   17/ 29    54/   17/ 29
 49   47    334_008_-114  0.36  0.29 -0.08   0.29     4    58/   16/ 26    58/   16/ 26
 50   22    145_021_+107  0.35  0.27 -0.08   0.27     4    -3/  -15/ 82    -3/  -15/ 82

Python:

import numpy as np
from hybridmt import hybridmt, load_history
hybridmt('./examples/example5.txt', iterations=4, snapshots=False, display=False, project_dir='summary_demo')
H = load_history('summary_demo/history.npz')
drms = H.RMS_ERROR[:, -1] - H.RMS_ERROR[:, 0]
for i in np.argsort(-drms)[:5]:
    print(H.event_ids[i], round(H.RMS_ERROR[i, 0], 2), round(H.RMS_ERROR[i, -1], 2), round(drms[i], 2))

20.6 See also
hybridmt | hybridmt_show
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21. project_stereonet

Project data onto the stereonet plot.

21.1 Syntax
[X,Y] = project_stereonet(AZIMUTH, TAKEOFF)
[X,Y] = project_stereonet(AZIMUTH, TAKEOFF, 'PropertyName',PropertyValue, ...)
[X, Y, R] = project_stereonet(...)

21.2 Description
Use project_stereonet to project input AZIMUTH and TAKEOFF data onto the stereonet. The value of AZIMUTH is
measured from North towards East. The value of TAKEOFF angle is measured from BOTTOM towards TOP. By
default, the equal area projection is used to project the points on stereonet.

focimt(Input) reads input data and performs moment tensor inversion using fociMT software and default
processing parameters. The input array can be either a path to the formatted ASCII input file or Input cell array.

[X,Y] = project_stereonet(AZM, TKO) takes azimuths and takeoff angles and returns the X and Y matrices of
the same size as AZIMUTH and TAKEOFF with coordinates projected using the default Schmidt projection.

[X,Y] = project_stereonet(AZIMUTH, TAKEOFF, 'PropertyName',PropertyValue, ...) allows to specify
optional parameters.

[X, Y, R] = project_stereonet(...) returns also the radii of projected points.

21.3 Parameters
Projection - Stereographic projection

'schmidt' (default) | 'wullf'

Defines projection type for graphical representation of the seismic moment tensor inversion (beach ball). The
user may use 'schmidt' (equal area) or 'wullf' (equal angle) projection to plot the beach ball.

Scale - Plotting scale

1.0 (default) | positive scalar value

Defines the maximum radius of created plot.

21.4 See also
drawhudsonnet | drawstereonet
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22. readraw

Read input ASCII file in fociMT RAW format.

22.1 Syntax
Input = readraw(filename)

Python syntax (see Python interface)

Input = read_raw(filename)       # list of RawEvent

22.2 Description
Use Input = readraw(filename) to read ASCII file in raw fociMT format containing input data for the seismic
moment tensor inversion. The resulting Input cell array contains input data organized in a cell array. The cell
array may be used as input parameter for the following seismic moment tensor inversion with focimt.m or
seismic moment tensor refinement procedure hybridmt.m.

The full description of ASCII input file in RAW focimt format is available here.

22.3 Examples
This example reads input data in fociMT raw format and stores them in Input cell array:

Input = readraw('./examples/example2_raw.txt');

Python:

from hybridmt import read_raw
Input = read_raw('./examples/example2_raw.txt')

22.4 See also
readvel1d | focimt | hybridmt
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23. readsolution

Read seismic moment tensor solution file created with fociMT

23.1 Syntax
Solution = readsolution(filename, solution, Solution, matrixmode)

Python syntax (see Python interface)

Solution = read_solutions(prefix, ['full', 'deviatoric', 'dc'])    # prefix of the -*.asc files

23.2 Description
This internal function reads ASCII files containing data from seismic moment tensor inversion generated by
fociMT application. The data read are converted to cell array.

readsolution(filename, solution, Solution, matrixmode) read the moment tensor solution file filename and store
it in structure array solution which is the element of Solution cell array. The format of structure array is
determined by matrixmode parameter.

23.3 See also
focimt | hybridmt
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24. readvel1d

Read input ASCII file in fociMT 1D velocity model format

24.1 Syntax
Input = readvel1d(filename)

Python syntax (see Python interface)

Input = read_vel1d(filename)     # list of Vel1dEvent; read_input() detects the format

24.2 Description
Use readvel1d(filename) to read ASCII file in fociMT 1D velocity format containing input data for the seismic
moment tensor inversion. The resulting Input cell array contains input data organized in a cell array. The cell
array may be used as input parameter for the following seismic moment tensor inversion with focimt.m or
seismic moment tensor refinement procedure hybridmt.m.

The full description of ASCII input file in 1D velocity model focimt format is available here.

24.3 Examples
This example reads input data in fociMT 1D velocity format and stores them in Input cell array:

Input = readvel1d('./examples/example2_1d.txt');

Python:

from hybridmt import read_vel1d
Input = read_vel1d('./examples/example2_1d.txt')

24.4 See also
readraw | focimt | hybridmt



123

25. rpgen

Calculate radiation pattern using shear-tensile source model

25.1 Syntax
[Gp, Gs, Gsh, Gsv] = rpgen(strike, dip, rake, gamma, sigma, TKO, AZM);

25.2 Description
Use rpgen to calculate radiation pattern using shear-tensile source model following ref. [2,3]. The derived
formula are supplementary material from paper [1].

rpgen(strike,dip,rake,gamma,sigma, TKO, AZM) calculates P-wave, S-wave, SH-wave and SV-wave radiation
pattern using shear-tensile source model presented [see references 1, 2, 3 for details]. All input angles (strike,
dip, rake of the fault, tensile angle gamma, takeoff angle matrix TKO and azimuth from the source to the
observation point AZM) should be in degrees. The takeoff angle is measure from bottom. The function returns
matrices of the same size as input TKO and AZM matrices.

25.3 Input parameters
strike, dip, rake - scalar values corresponding to fault plane parameters (degrees)

gamma - tensile angle in degrees (0 degrees for pure shear faulting and 90 degrees for pure tensile opening). For
detailed description of tensile angle see ref. [3].

sigma - Poisson's ratio.

TKO - matrix of takeoff angles for which the corresponding radiation pattern coefficients will be calculated. The
takeoff angles are measured in degrees from bottom direction upwards, i.e. they follow standard seismological
convention. The takeoff angle 0 corresponds to downgoing seismic ray, 90 for horizontally going ray and 180 for
upgoing ray. AZM - matrix of azimuths (in degrees) between source and receiver(s) measured from north
towards east.

25.4 Output parameters
Gp, Gs, Gsh, Gsv - P-wave, S-wave, SH-wave, and SV-wave radiation pattern coefficients calculated for
corresponding takeoff angles and azimuths specified in input TKO and AZM matrices.

25.5 References
[1] Kwiatek, G. and Y. Ben-Zion (2013). Assessment of P and S wave energy radiated from very small shear-
tensile seismic events in a deep South African mine. J. Geophys. Res. 118, 3630-3641, doi: 10.1002/jgrb.50274

[2] Ou, G.-B., 2008, Seismological Studies for Tensile Faults. Terrestrial, Atmospheric and Oceanic Sciences
19, 463.

[3] Vavryčuk, V., 2001. Inversion for parameters of tensile earthquakes.” J. Geophys. Res. 106 (B8): 16339–
16355. doi: 10.1029/2001JB000372.
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25.6 Examples
The following script creates a double-couple radiation pattern for a specific fault and creates a 3D
representation of the radiation pattern:

AZIMUTH = (0:4:360)*pi/180;
TAKEOFF = (0:2:180)*pi/180;
[AZIMUTH,TAKEOFF] = meshgrid(AZIMUTH,TAKEOFF);

strike = 50;
dip = 60;
rake = -90;
sigma = 0.25;
gamma = 0;

[GP, GS, GSH, GSV] = rpgen(strike,dip,rake,gamma,sigma, TAKEOFF*180/pi, AZIMUTH*180/pi);
scale = abs(GP);
YP = scale.*cos(AZIMUTH) .* sin(TAKEOFF);
XP = scale.*sin(AZIMUTH) .* sin(TAKEOFF);
ZP = scale.*-cos(TAKEOFF);

surf(XP,YP,ZP,GP,'EdgeColor','none','FaceAlpha',0.9,'AmbientStrength',0.7,'EdgeColor','k','EdgeAlpha',0.1);
axis equal; box on;
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26. writeinput

Converts input cell array to ASCII input file in fociMT RAW/1D velocity model format.

26.1 Syntax
writeinput(filename, Input)

Python syntax (see Python interface)

write_input(filename, Input)

26.2 Description
Use writeinput(filename, Input) to write ASCII input file that can be later interpreted by focimt.m routine.
The Input variable is a cell array used by focimt.m routine in a special |doc_inputformat.html format>. The full
description of ASCII file types created are presented here.

26.3 See also
focimt | hybridmt
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